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Foreword
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International Organization for Standardization) and IEC (the International Electrotechnical
sion) form the specialized system for worldwide standardization. National bodies that

are members of ISO or IEC participate in the development of International Standards through
technical committees established by the respective organization to deal with particular fields of
technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other
international organizations, governmental and non-governmental, in liaison with ISO and IEC, also
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cedures used to develop this document and those intended for its further maintenance.ate
d in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fdr
rent types of document should be noted. This document was drafted in accordance) with the
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

t rights. ISO and IEC shall not be held responsible for identifying any or all such patert
etails of any patent rights identified during the development of the document will be in thie
tion and/or on the ISO list of patent declarations received (see www.ise:0rg/patents) or the [EC
tent declarations received (see http://patents.iec.ch).

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

bxplanation of the voluntary nature of standards, the{meaning of ISO specific terms anfd
ons related to conformity assessment, as well as information about ISO's adherence to thie
rade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.isp
foreword.html.
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fument was prepared by Joint Technical.@ommittee ISO/IEC JTC 1, Information technology,
mittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

b1l parts in the ISO/IEC 21122 series:¢an be found on the ISO website.
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|lback or questions on this document should be directed to the user’s national standards body.
e listing of these bodies can be found at www.iso.org/members.html.
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Introduction

ISO/IEC 21122-1 (JPEG XS) specifies a single syntax designed to serve a wide range of applications, bit
rates, resolutions, qualities, and services. Its main target applications are video transport over video
links and IP networks, real-time video storage, video memory buffer, omni-directional video capture
system, head-mounted displays for virtual or augmented reality and sensor compression for the
automotive industry. These applications have different requirements in terms of complexity, latency
and compression efficiency. Even within a given application field, different requirements are usually
entified depending on the targeted use case

—

onsidering the impracticality of implementing the full syntax of ISO/IEC 21122-1, and"inr prder to
heet the requirements of the different target applications while safeguarding as muchras-posgible the
hteroperability enabled by the common syntax defined in ISO/IEC 21122-1, a limited number of subsets
f this syntax are stipulated by means of “profiles”, “levels”, and “sublevels”.

O =0 O

—

he coding tools specified in ISO/IEC 21122-1 allow encoder and decoder implementations to |imit the
nd-to-end latency to a fraction of the frame size. To ensure this property, this document spgecifies a
uffer model, consisting of a decoder model and a transmission channel model.

joulle)
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Information technology — JPEG XS low-latency lightweight

image coding system —

Part 2:
Profiles and buffer models

1 Scope

—

his document defines a limited number of subsets of the syntax specified in ISO/IEC 211’
buffer model to ensure interoperability between implementations in the. presence of a
onstraint.

Q-

2 Normative references

o |

he following documents are referred to in the text in such a way that some or all of their
onstitutes requirements of this document. For dated references, only the edition cited app
yUndated references, the latest edition of the referenced doctimient (including any amendments)

Q

p—

50/1EC 21122-1, JPEG XS low-latency lightweight image ceding system — Part 1: Core coding syst

3 Terms, definitions, symbols and abbreviated terms

3.1 Terms and definitions

1

or the purposes of this document;/the terms and definitions given in ISO/IEC 21122-1
bllowing apply.

-

150 and IEC maintain terminological databases for use in standardization at the following addy

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

- IEC Electropedia:\available at http://www.electropedia.org/

a1
lanking codestream fragment
laceholder'codestream fragment (3.1.8) representing blanking periods

1.2
orizontal blanking period

p2-1 and
latency

content
lies. For
applies.

em

and the

esses:

meéspan expressed in units of the grid point sampling rate between the last pixel (3.1.22) of 3

n image

e o il e il S 0] ol el 0]

ne — not being the last line of an image — and the first pixel of the next image line

3.1.3
vertical blanking period

timespan in units of the grid point sampling rate between the last line of an image [including the

horizontal blanking periods (3.1.2)] and the first line of the next image

3.14
buffer model

combination of a decoder model (3.1.12) and a channel model (3.1.6) whose behaviour can be defined by

aset of parameters

© ISO/IEC 2019 - All rights reserved
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3.1.5

buffer model instance

specific configuration of a buffer model (3.1.4) specified by the assignment of well-defined values to the
buffer model parameters

3.1.6

channel model

model describing the temporal behaviour of the transmission channel (3.1.29) connecting an encoder
and a decoder

3.1.7
coded cpdestream fragment
continugus sequence of bits in the codestream containing exactly one packet body and a well¢defined
number |of packet headers, markers and marker segments

3.1.8
codestream fragment
either cqded codestream fragment (3.1.7), or blanking codestream fragment (3.1.1)

3.1.9
code grpup
group of quantization indices in sign-magnitude representation represénting a quantized coefficien
group (3.1.10)

~

3.1.10
coefficient group
number|of horizontally adjacent wavelet coefficients from the same band and precinct

3.1.11
cycle
single clpck period of an encoder or decoder clockeddmplementation

3.1.12
decoder model
combingtion of a decoder unit (3.1.14) andadecoder smoothing buffer (3.1.13)

3.1.13
decoder smoothing buffer
memory] buffer that is used to leVelout changes in the number of bits read by a decoder unit (3.1.14) pe
time unit

—

3.1.14
decoder unit

module feading a variable number of bits per time unit to generate decoded output pixels (3.1.22) wit
a fixed rpte

-

decomposition level

t f Aot conffiointo wacai bt s Loy o ot snn ] Joua] (D 1 D1 Af v nasncavzn o linodbs nan A f o 17 n]rt
Se O W VUILU CUCITIUVICITILO 1 Loultllls ITUIIIr a l.l(ll cIcuIidar icverl LJ-.L.L:.LJ U TCCuUIroIve GI.IIJLI\'GLIUII urayvvavuoico
transform

encoder model
combination of an encoder unit (3.1.18) and an encoder smoothing buffer (3.1.17)

3.1.17

encoder smoothing buffer

memory buffer that is used to level out changes in the number of bits generated by an encoder unit
(3.1.18) per time unit

2 © ISO/IEC 2019 - All rights reserved
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3.1.18

encoder unit

module transforming a sequence of input pixels (3.1.22) with constant rate into a conforming
codestream, producing a bit sequence with variable number of bits generated per time unit

3.1.19
fill level
number of bits stored in the encoder or decoder smoothing buffer (3.1.13)

3.1.20

riominal bits per pixel value
hean number of bits allocated per encoded pixel (3.1.22) which is used to derive the sublevel|(3.1.28)
onstraints by assuming an image with well-defined dimensions and frame rate derived)from [the level
B.1.21)

1
g

(
3.1.21
level
defined set of constraints on the amount of decoded sampling grid points (3<1.25) to be processgd by an
gncoder 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, wlithin the
specified constraints, support a different level for each supported profile.

3.1.22

pixel

fosition in the sample grid (3.1.24) that is populated by a 'sample value of at least one component
3

B

S

1.23
rofile
pecified subset of the codestream syntax together with admissible parameter values

3.1.24
ample grid
abstract coordinate system on whichsimage sample values are positioned

(7]

3.1.25

sampling grid point
fosition on the sample grid-{3.1.24), specified by integer horizontal and vertical offset relatiye to the
drigin of the sample grid

3.1.26

smoothing buffer unit
lgvel (3.1.21) andystblevel (3.1.28) dependent number of bits by which the smoothing buffer sire of the
decoder modél(3.1.12) is specified

the first codestream fragment (3.1.8) of a codestream

3.1.28

sublevel

defined set of constraints on the amount of codestream bits to be processed by an encoder or decoder,
per unit of time, per column, and per image

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

© ISO/IEC 2019 - All rights reserved 3
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3.1.29
transmission channel
facility transferring bits from a source entity to a target entity

3.1.30

transmission channel capacity

maximum number of bits per time unit that a transmission channel (3.1.29) can transfer from a source
entity to a target entityConventions

3-2 Collful IHIAlIICT }ausuasc
ISO/IEC|s use of verbal forms is detailed at:

https://www.iso.org/foreword-supplementary-information.html

The keyword "reserved" indicates a provision that is not specified at this time, shall netlbe used, and
may be $pecified in the future. The keyword "forbidden" indicates "reserved" and in-dddition indicate
that the|provision will never be specified in the future.

[72)

3.3 Operators

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

+ addition
- subtraction (as a binary operator) or negatiofi.(as a unary prefix operator)
x multiplication

/ division without truncation or rounding
3.3.2 Logical operators

Il logical OR
&& logical AND

! logical NOT

3.3.3 Relational operators

> gréater than

> greater than or equal to
< less than

< less than or equal to

== equal to

I= not equal to

3.3.4 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

4 © ISO/IEC 2019 - All rights reserved
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expression, evaluation proceeds according to the associativity of the operator either from right to left
or from left to right.

Operators Type of operation Associativity
0 expression left to right

[ indexing of arrays left to right

- unary negation

d, / multiplication, division left to right

4, - addition and subtraction left to right
4,> 5,2 relational left to right

& bitwise AND left to right

| bitwise OR left to right

2.
g
=
e

=

hasx ()

4.1 Symbols

A=la,ay,.a5]

3.3.5 Mathematical functions

4 Specifications

ceil of x: returns the smallest integer thatis greater than or equal to x

floor of x: returns the largest integer that is less than or equal to x
absolute value of x, |x| equals—x for x < 0, otherwise x

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

1 t=0

step function f(t) - {0 otherwise

maximum of a sequence of numbers [x;] enumerated by the index i

sequence of elements a; - a,

A||B concatenation of two sequences A and B

((l) codestreami

Dog number of clock cycles between the first bit written into the decoding smoothing
buffer and the decoding start of the first codestream fragment of a stream of code-
stream fragments

Frirse(C(1) first codestream fragment of codestream C(i)

Fl.s(C(1) last codestream fragment of codestream C(i)

H¢ height of the image in sampling grid points

© ISO/IEC 2019 - All rights reserved 5
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Hax maximum picture height in sampling grid points

Liax maximum number of sampling grid points per image

lenc(t) fill level of the encoding smoothing buffer in bits at the end of cycle t

lgec(® fill level of the decoding smoothing buffer in bits at the end of cycle t

lenc max capacity in bits of the encoding smoothing buffer

ljec max capacity in bits of the decoding smoothing buffer

Idec (t) number of bits that can be read from the decoding smoothing buffer in cycle|t

lyum@® sum of encoder and decoder smoothing buffer fill level in bits at cyclet

N all integer numbers being strictly larger than zero

N, all integer numbers being greater than or equal to zero

Np « 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

Neg() number of coefficient groups within codestream fragment f

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

Negt number of coefficient greups associated to a codestream fragment representing fa
vertical blanking period

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

N, number of-coefficients in a code group

Ny numperof vertical decomposition levels

Np x number of precincts per sampling grid line

Npy number of precincts per sampling grid column

Nopu number of decoder smoothing buffer units for a given profile

Q set of rational numbers

Igec® number of bits read and removed from the decoder smoothing buffer in clock cycle t

Rirans transmission channel capacity, expressed in bits per cycle (having a duration of T)

Rt max(m 19) maximum admissible encoded throughput in bits per second for a given level

R¢ max max grid point sample rate (in samples per second) at decoder output

Spits(f) number of bits forming the codestream fragment f

6 © ISO/IEC 2019 - All rights reserved
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Sc max targeted maximum number of bytes of an encoded codestream

Sepull 1) size of the smoothing buffer unit in bytes for level 1 , and sublevel I

Sebo(P) smoothing buffer increment in bits for a profile p

Semax(lm 1s) maximum size of an encoded codestream in bytes of level | , and sublevel I

s, [i] subsampling factor of component i in horizontal direction

s, [1] subsampling factor of component i in vertical direction

T.ne clock period defining the frequency by which code groups are processed by anfencoder

Tyec clock period defining the frequency by which code groups are progessed by al|decoder

thicwrite(£) timestamp in cycles at which the codestream fragment f i$\written to the|encoder
smoothing buffer

thec start() timestamp in cycles at which decoder starts decodifig\codestream fragment f

thec read(f) timestamp in cycles at which codestream fragment f is removed from the|decoder
smoothing buffer

Tbmd buffer model type

W.[i] width of component i in samples

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

Waec(t) number of bits written inteithe decoder smoothing buffer in clock cycle t

W; width of the image in-sampling grid points

Winax maximum pictune,width in sampling grid points

4.2 Abbreviated terms

bpp bits per pikel

OWT discréte wavelet transform

IDWT inyerse discrete wavelet transform
HCT reversible colour transform

IRCT, inverse reversible colour transform

.3 General provisions

For a concrete application, only a subset of the codestream syntax specified in ISO/IEC 21122-1 is needed.
Profiles as specified in 3.1.23 define corresponding interoperability points for those applications. In
addition to profiles, levels (as specified in 3.1.21) and sublevels (specified in 3.1.28) limit the maximum
throughputin the encoded (codestream) and decoded (pixel, spatial) domain. This allows creating cost-
efficient implementations serving the needs of the desired applications.

Profiles, levels and sublevels shall be as specified in Annex A.

Keeping the end-to-end latency of an encoding-decoding chain under a given threshold is one of the main
goals pursued by the methods defined in ISO/IEC 21122-1. To reach this goal, the definition of buffer
models is necessary, consisting of a decoder model and a transmission channel model. The interaction

© ISO/IEC 2019 - All rights reserved 7
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of a hypothetical reference decoder including its decoding smoothing buffer with a constant bitrate
channel feeding this buffer shall be as specified in Annexes B and C. The size of this decoding smoothing
buffer is specified in Annex A. Codestreams shall be formed such that this decoding smoothing buffer
never overflows or underflows.

Buffer models are further discussed in Annex D. The buffer model provides encoders with the necessary
information to generate codestreams that can be decoded by an arbitrary decoder implementation
ensuring system interoperability.

In addition to the size of the decoder smoothing buffer, end-to-end latency also depends on the latenc
inherent to each processing step of the encoding-decoding chain whose methods are describe
in ISO/IEC 21122-1. To help implementers estimate the latency of their device, Annex E gives usefy
informafion on the minimum latency that can be achieved by the different methods descfibed i
ISO/IEC|21122-1.

—

—

5 Buffer model

5.1 General system block diagram

The JPEG XS coding system addresses applications where coded images arestransferred from a sourde
to a target, as shown in Figure 1. To this end, the encoder is compressing a continuous stream of inpyt
pixels ifjto a sequence of bits. These bits are forwarded by means of-a transmission channel to the
decoder{that decompresses the bits to produce a continuous streanrof output pixels.

’ N
a \
s \
2 Nt \
’ \
’ \
’ \

Key
encqder clock

pixel data

encdder unit

encdder smoothing buffer
tranpmission channel
decdder smogthing buffer
decdder unit
decdder.clock

O© 00 NN O U1 B W N -

variable bit rate
Figure 1 — General system block diagram

The time instances at which the encoder has to process each pixel are determined by an encoding clock.
Similarly, the time instances at which the decoder has to produce each output pixel are determined by a
decoding clock. Both clocks are generated by the system.

NOTE In implementations, these clocks can be the same or differ in both frequency and phase. The presented
model is independent of whether clocks are synchronized or not.

8 © ISO/IEC 2019 - All rights reserved
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In accordance with ISO/IEC 21122-1, the pixels of an image are translated into coefficient groups
represented as code groups in the codestream. The number of bits necessary to code these code groups
may vary from group to group. As a consequence, the encoder writes encoded bits at a variable rate into
the encoder smoothing buffer. Similarly, the decoder reads the codestream at a variable rate from the
decoder smoothing buffer.

In case the maximum bit rate of the transmission channel is below the peak bit rate generated by the
encoder, an encoder smoothing buffer is necessary to decouple generation of bits by the encoder from
transmission of bits over the transmission channel. Similarly, a decoder smoothing buffer needs to be
provided that decouples the arrival of hits at the rate afforded hy the transmission channel and the

donsumption of bits by the decoder per clock.

(Jorrect operation requires that the decoder buffer never overflows. This is becauserthe decoder is
not able to pause the arrival of bits from the transmission channel. Moreover, a buffer undegrflow in
the decoder buffer needs to be avoided. This is because the decoder is required to output pixels in
dccordance with the timing of its output interface. Hence it needs to be ensured that the bits tq be read
from the decoding buffer to produce the next pixel in accordance with the decoding clock are gvailable
inh this decoding buffer.

3.2 Influencing variables on the required buffer sizes

Avoiding any buffer overflow or underflow, as discussed in subclause 5.1, requires properly sizing the
decoder smoothing buffer. Moreover, the time at which decoding starts is delayed relative to the|starting
time of encoding and the start of transmission needs to be €arefully set. Those values are influ¢nced 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 encodled data.

— The rate control strategy applied by thé€icoder.

—

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

=

La

.3 Role of the buffer moedel

he core coding system defined in ISO/IEC 21122-1 can be implemented on a large variety of p|atforms
sing many different implémentation strategies. Thus, interoperability cannot be achieved by precisely
pecifying the tempgral behaviour of a conforming decoding implementation. Instead, the buff¢r model
efines a simplified\decoder model. Interoperability is then achieved by mandating that a corfforming
ecoder shall decode all bit streams being decodable by the simplified decoder model. Similarly, a
onforming encoder shall not create bit streams that cannot be decoded by the simplified decodgr model.

Q o . Q. n o -

To this.end, Annex B defines a generic JPEG XS decoder model that precisely defines the temporal
hehavieur of the decoder model assuming a processing granularity of codestream packets. While such
a model already defines some fundamental properties of the decodable codestreams, it is |still not

SH v o ao v O 66 OHuTra—Ho€—€6

that would only be decodable by the decoder model if the transmission channel could transport bits
arbitrarily fast. In practice, this is obviously not the case. Consequently, interoperability also requires
defining a channel model over which an encoder sends the codestreams to the decoder.

Annex C defines such a channel model assuming a transmission channel with a fixed upper bit
rate that is related to the target compression ratio. Together with the decoder model of Annex B, it
defines the packet-based constant bit rate buffer model. It describes the conditions for a low latency
interoperability between any conforming encoder and any decoder. These conditions are expressed by
buffer model parameters that are specified by the profiles and levels defined in Annex A. The properties
of such conforming implementations are exemplified in Annex D. Since these properties are direct
consequences of Annex B and Annex C, Annex D is informative only.

© ISO/IEC 2019 - All rights reserved 9
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Annex A
(normative)

Profiles, levels and sublevels

Al G

Profiles
needed
interope

Each pr
be supp
features

The com
implemg
decoded
number

The sub
allocate

bneral

[72)

levels and sublevels specify restrictions on codestreams and hence limits on the capabilitie
to decode the codestreams. Profiles, levels and sublevels may also be used_tol/indica]
rability points between individual decoder implementations.

[}

—_—

pfile specifies a subset of algorithmic features and limits on their parameteyization that sha
brted by all decoders conforming to that profile. Encoders are not requigéd to make use of a
supported in a profile.

—_—

bination of a level and a sublevel defines a lower bound on the throughput a conforming decoddr
ntation shall support. To this end, the level gives upper bounds forthe image parameters in thie

domain, namely the maximum image width, the maximum image height and the maximuth
of sampling grid points to be processed per second.

level defines upper bounds in the coded domain, such*as the nominal bits per pixel value
1 for an encoded image having maximum width and height. In combination with the constraints

encoded image size and the upper number of bits a decoder is required to decode per second. Moreovet,

they imj

e levels in the decoded domain, this allows the denivation of upper bounds on the admissible
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level
uncompressed image
constraints
v
sublevel compressed image
nominal bpp g constraints

A.2 Profiles

A.2.1 Definitions of profiles

A
decoder model
> smoothing buffer
size

profile
features, parameter ranges

y
deCoder

> implementation
complexity

Figure A.1 — Relationship between the different conformance constraints and the impfact on

the decoder complexity

Hrofiles specify subsets of coding tools which conforming decoders shall support. Moreover,| profiles
limit the permitted parameter values. Consequently, profiles are differentiated along the fpllowing
features:

decoder smoothing buffer size expressed in smoothing buffer units;
smoothing buffefoffset;

bit depth;

chronra Sampling formats;

nimber of vertical wavelet decompositions;

number of horizontal wavelet decompositions;

supported quantizer types;
maximum column width;

slice height.

Table A.1, Table A.2 and Table A.3 list the profiles specified in this document.

© ISO/IEC 2019 - All rights reserved 11
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Table A.1 — JPEG XS Main profiles

number of verti-
cal decomposition

levels is zero®

the numbeér of

vertical decom-

position levels
is zero®

Profile Main Main Main
422.10 44412 444412
Number N, of smoothing buffer units of the decod- 16 16 16
er model?
Smoothing buffer offset S, in bitsP 1024 1024 1024
Bit depth 8,10 8, 10,12 8, 10,12
Chroma sampling formats 4:0:0, 4:2:2 4:0:0,4:2:2, 4:0:0, 4:2:2,
4:4:4 4:4:4, 4:2:2:A,
4:4:4:4
Number of vertical decompositions Upto1l Upto1l Uptot
Number of horizontal decompositions¢ [1-5] [1-5] [145]
QuantiZer type Qpih 0(DZQ) 0 (DZQ) 0 (DZQ)
1 (Unform) 1 (Unform) 1 (Uniform)
Column|mode (see Cw in ISO/IEC 21122-1)d One column One column One column
except when the except when except when

the number of

vertical decom

position levels
is zero®

Slice hejght in number of image rows

16

16

16

Buffer thodel Tbmdf

land2

land?2

1land?2

a2 Thes
image wifdth in other profiles. See Formulae (A.1) and (A.2).

b The
markers.

number (f vertical wavelet decompositions.

4 The ¢olumn width in sampling grid points is given by C, =

and N, , is the number of horizontal wayelet decompositions.

with ISO/IEC 21122-1 is allowed.
f Decdders shall both support¥fbmd=1 and Tbhmd=2.
NOTE Tbmd=2 includes)Tbmd=1.

8xCwxmax; (s, [ ])x2"4 if Cw >0

Wy

moothing buffer unit size is determined by the maximum columnwidth in Light-Subline profile and the maximunf
Falue of 1 024 bits (128 bytes) has been derived from a typical size of the picture header without any extension

¢ As dpfined in ISO/IEC 21122-2, the number of horizontal’wavelet decompositions shall be at least as large as th¢

otherwise

indicated in the picture header (see ISO/IEC21122-1), Wis the image width, s,[i] is the subsampling factor for component 4,

€ One folumn of full width if numberof vertical decompositions larger than 0, otherwise any column width conforming

<2048, where Cw i}

12
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Table A.2 — JPEG XS Light profiles

ISO/IEC 21122-2:2019(E)

Profile Light Light Light-Subline
422.10 44412 422.10
Number N, of smoothing buffer units of the decod- 4 4 2
er model?
Smoothing buffer offset S, in bitsb 1024 1024 1024
Bit depth 8,10 8,10, 12 8,10
Chroma sampling formats 4:0:0, 4:2:2 4:0:0,4:2:2,4:4:4| 4:0:0,4:2:2
Number of vertical decompositions Uptol Upto1l D
Number of horizontal decompositions¢ [1-5] [1-5] [1+5]
Duantizer type Qpih 0 (DZQ) 0 (DZQ) 0 (DZQ)
1 (Unfiform)
Column mode (see Cw in ISO/IEC 21122-1)d Only one column | Only one.cel- Max dolumn
permitted (full | umn permitted | width | 2 048
width) (full width)
$lice height in number of image rows 16 16 16
Buffer model Tbmdf 1and 2 1and 2 1apd 2

fmage width in other profiles. See Formulae (A.1) and (A.2).

markers.

humber of vertical wavelet decompositions.

The column width in sampling grid points is given by C; =

nd N, , is the number of horizontal wavelet deéompositions.
ff  Decoders shall both support Tbmd=1-afid'Tbmd=2.
NOTE  Tbmd=2 includes Tbmd=1.

8xCwxmax(s, [ )x2"=* if Cw >0

Wy

The smoothing buffer unit size is determined by the maximum column width inl Light-Subline profile and the thaximum
The value of 1 024 bits (128 bytes) has been derived from a typical'size of the picture header without any

As defined in ISO/IEC 21122-2, the number of horizontal wavelet decompositions shall be at least as large as the

otherwise

indicated in the picture header (see ISO/IEC 21122-1), Wyis the image width, s,[i] is the subsampling factor for component ,

<2048, where Cw is

bxtension

© ISO/IEC 2019 - All rights reserved
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Table A.3 — JPEG XS High profiles

Profile High High
444.12 444412
Number N, of smoothing buffer units of the decoder model? 16 16
Smoothing buffer offset S, in bitsP 1024 1024
Bit depth 8,10,12 8,10,12
Chroma sampling formats 4:0:0,4:2:2,4:4:4| 4:0:0,4:2:2,
4:4:4,4:2:2:4,
4:4:4:4
Number of vertical decompositions Upto 2 Up ta2
Number of horizontal decompositions¢ [1-5] [2-51
QuantiZer type Qpih 0 (DZQ) 0/(DZQ)
1 (Unform) 1(Unform)
Column|mode (see Cw in ISO/IEC 21122-1)d One column One column
except when except when
the numberof | the number of
verticaldecom- | vertical decom
position levels | position levels
18 zero® is zero®
Slice hejght in number of image rows 16 16
Buffer model Tbmdf 1and 2 1and 2
a2 The §moothing buffer unit size is determined by the maximum column width in Light-Subline profile and the maximunf
image width in other profiles. See Formulae (A.1) and (A.2).
b The Yalue of 1 024 bits (128 bytes) has been derived from a typieal size of the picture header without any extension
markers.
¢ As dpfined in ISO/IEC 21122-2, the number of horizontal wavelet decompositions shall be at least as large as th¢
number (f vertical wavelet decompositions
. N, .
8xCwx ; X274 if Cw >0
4 The ¢olumn width in sampling grid points is giverdby C, = wxmax;(sy [l]) naw . |£2048, where Cw i§
Wf otherwise
indicated in the picture header (see ISO/IEC 21122-1), Wis the image width, s,[i] is the subsampling factor for component 4,
and N, , i the number of horizontal waveletidecompositions.
€ One folumn of full width if numberlof vertical decompositions larger than 0, otherwise any column width conforming
with ISOIEC 21122-1 is allowed.
f Decdders shall both supportThmd=1 and Tbmd=2.
NOTE [Tbmd=2 includes Thmd=1.
Figure A.2 represents the relation of the profiles defined in Table A.1, Table A.2 and Table A.3 in termls
of inclugivity. The-liight422.10 profile is for instance contained in both the Main422.10 profile and the
Light444.12 prefile. The Main422.10 profile is again included in the Main444.12 profile, etc.
The Light-and Light-Subline profiles are independent subsets of the Main profile. They need lowdr
memoryland-logic resources, and allow for lower latency at the expense of a lower compressio
efficiency.
NOTE Figure A.2 does not formulate additional constraints on decoder implementations. The relations

presented there are implicit due to the profile specifications in Table A.1, Table A.2 and Table A.3. That is, a
decoder conforming to a given profile P in this figure automatically conforms to a profile Q provided there is a
path from Q to P in the direction of the arrows.

14
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Main4444.12

el

Main444.12

Main422.10

Light444.12

Lig\ﬁﬂ%Z.lO Light-Subline 4P2.10

Figure A.2 — Inclusivity relation of.the JPEG XS profiles

—

he resulting maximum bits per pixel (bpp) in the decoded domain for each profile is shown in Table A.4.

Table A.4 — Maximum decoded bpp for each profile defined in this document

Profile Main Main Main Light Light Light- High High
422.10 444,12 444412 422.10 44412 Subline 444,12 444412
422.10
Bit depth 8,10 8,10,12 8,10, 12 8,10 8,10,12 8,10 8,10,12 8] 10,12
Chroma 4:0:0 4:0:0 4:0:0 4:0:0 4:0:0 4:0:0 4:0:0 4:0:0
] ampling 4:2:2 429 4:2:2 4:2:2 4:2:2 4:2:2 4:2:2 4:2:2
ormats
4:4:4 4:4:4 4:4:4 4:4:4 4:4:4
4:2:2:4 4:2:2:4
4:4:4:4 4:4:4:4
Max 20 36 48 20 36 20 36 48
gecoded
pPp

A.272." 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.5.

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.

NOTE1  The unrestricted profile is not a conformance point because the syntax defined in ISO/IEC 21122-1 can
evolve in the future.

© ISO/IEC 2019 - All rights reserved 15
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Table A.5 — Mapping of profiles to values of the Ppih field in the picture header

. Ppih
Profile
Binary Hex
Unrestricted 0000 0000 0000 0000 0x0000
Light 422.10 00010101 0000 0000 0x1500
Light 444.12 0001 1010 0000 0000 0x1A00
Light-Subline 422.10 0010 0101 0000 0000 0x2500
Main 42P-T0 U0UTT 0101 0100 0000 U0x3540
Main 444.12 00111010 0100 0000 0x3A40
Main 44§4.12 0011 1110 0100 0000 0x3E40
High 444.12 0100 1010 0100 0000 0x4A40
High 4444.12 0100 1110 0100 0000 0x4E40
Reservef for ISO/IEC all other values
purposes
Confornjing encoder and decoder implementations shall only rely on the values'given in Table A.5 (and

not on the following note).

NOTE 2
2 bits sig
buffer un

A.3 L

Levels d
implems
per line
samplin
defines

The current assignment of Ppih values to profiles is defined such that 4 bits signal the coding tool se
nal the chroma format, 2 bits signal the maximum permissible bit depth, 2 bits signal the smoothin|
it and 6 bits are currently unused. However, future profiles wilkpossibly deviate from this scheme.

rvels

h1l available levels.

Table A.6 — JPEG XS levels

efine a lower bound on the throughput in thevdecoded domain that a conforming decode
ntation shall support. Levels are defined aleng the maximum permissible sampling grid point
the maximum number of sampling grid-points per column height, the maximum number ¢
b grid points per image, and the maximium sampling rate of grid points per second. Table A.

T

Oy = & —

Level Maximum Max picture Max number of Max grid point Examples/
picture width heightH,,,, sampling grid | samplerateR,, .. comments
W .ax [Sampling | [sampling grid | pointsL,, per [sampling grid
grid points] points] image points/s]
[sampling grid
points]

2k-1 2048 8192 4194 304 133 693 440 1280x720@120
1920x1080@60
2048x1536@30
2048x2048@30
2048x1080@60

4k-1 4096 16 384 8912 896 267 386 880 1920x1080@120
3840x2160@30
4096x2160@30

4k-2 4096 16 384 16 777 216 534773760 1920x1080@240
3840x2160@60
4096x3072@30
4096x4096@30
4096x2160@60
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Table A.6 (continued)
Level Maximum Max picture Max number of Max grid point Examples/
picture width heightH,,,, sampling grid | samplerateR,, .. comments
W,.ax [sampling| [sampling grid points L . per [sampling grid
grid points] points] image points/s]
[sampling grid
points]
4k-3 4096 16 384 16 777 216 1069 547 520 1920x1080@480
2048x1080@480
2096%x3072@60
4096x4096@60
3840%2160@120
4096%2160@120
8k-1 8192 32768 35651584 1069 547 520 3840x2160@120
7680x4320@30
819ZX432$@30
8k-2 8192 32768 67 108 864 2139095040 3840x2160@240
8192x6144@30
8192x8192@30
7680x4320@60
8192x4320@60
8k-3 8192 32768 67 108 864 4278190 080 3840x2160@480
4096x2160@480
8192x6144@60
8192x8192@60
7680x4320@120
8192x4320(@120
10k-1 10 240 40960 104 857 600 3342336 000 10240x7680@30
10240x10240@30
10240x4320@60
10240x5400@60

OTE1

OTE 2

S

S

N
S
given level.
N
h

sLmax-
markers. S

Since levels define maximum-permissible sample counts and sample rates, a decoder conformning to a

pecific level is also conforming to all\levels that only require a smaller sample count and sample rate|than the

The maximum number of sample grid points is not identical to the product of the maximur picture

A.4 Sublevels

I, max

eight and the maximum pjcture width.

A.4.1 Definition of sublevels

L,,.x defined by the level as follows:

Ssl,max = \‘ LmaX - Nbpp J

8

© ISO/IEC 2019 - All rights reserved

a particular level and sublevel shall conform to the following constraints derived from N, :

ublevels:define a lower bound on the throughput in the encoded domain that a conforming|decoder
plemaentation shall support. Each sublevel is defined by a nominal bits per pixel (bpp) va
iving the maximum amount of bits per pixel for an encoded image of maximum permissible n

: Maximum admissible size of the entire codestream in bytes from SOC to EOC, including all
is derived from Ny, and the maximum permissible number of sampling grid points

17
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Moreover, the size of the smoothing buffer unit S

R, 1yt 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

follows:

s,max

R =R XN

t,max s,max bpp

<py 1IN bits is derived, permitting computation of the

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

oo if level is unrestricted or sublevel is unrestricted
Ssbu — : (A])
W, max XN, bpp otherwise
W, nex 1% defined to be the maximum column width and depends on the chosen profile as fellows:
2048 if profile =Light-Subline422.10
M/C max = : (A'Z)
’ W, o otherwise
The actyal column width is computed by
8xCw xmax, (s, [i])x2" if Cw>0
C, = _ (A.3)
w, otherwise
where
Cw is indicated in the picture header;
Wf is the image width;
s, li] is the chroma subsampling factor of component i;
N« is the number of horizontal wavelet decompositions;
C, is the column width in sampling grid points (see ISO/IEC 21122-1).
W, max 1§ an upper bound for the atlewed column width: C;< W, ;.-

The nonpinal bpp is not identical"to the maximum permissible amount of bits per pixel for an encodefd
image that does not have mraximum width and height. In this case, the amount of bits per pixel for t
encoded image may be larger than N,,, as long as the constraints on the codestream defined by t
sublevels are followeds

A.4.2 List of stiblevels

Table A.} listscthe sublevels defined in this document. The Full sublevel shall only be used if the profile
value is hotunrestricted.

Table A.7 — List of sublevels

Sublevel Nominal bpp N,
Full Max decoded bpp (See Table A.4).
Sublev12bpp 12
Sublev9bpp
Sublev6bpp

18

© ISO/IEC 2019 - All rights reserved


https://standardsiso.com/api/?name=fe957a14aae77e1fd17477671845e31e

ISO/IEC 21122-2:2019(E)

Table A.7 (continued)
Sublevel Nominal bpp N, ,
Sublev3bpp 3

NOTE 1

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

The resulting constraints on conforming codestreams are listed in Table A.8,

Table A.11.

By this definition, a decoder conforming to a sublevel defined by a given value of N,,, is also

Table A9, Table A.10 and

NOTE 2

ot

Since the constraint on conforming codestreams for the Full sublevel depends on the selecte
hey are not listed in the tables hereunder.

Table A.8 — Codestream constraints for sublevel Sublev3bpp

d profile,

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

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 24576 13 369344 3209

8k-2 24576 254657824 6 417

8k-3 24 576 25165 824 12 835

10k-1 30720 39321600 10 027

Table A.9 — 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]

2k-1 12:288 3145728 802

4k-1 24576 6 684 672 1604

4k-2 24 576 12582912 3209

4k-3 24576 12 582912 6 417

8k-1 49 152 26 738 688 6 417

8k-2 49 152 50331648 12 835

8ks3 49 152 50331648 25669

10k-1 61 440 78 643 200 20 054

Table A.10 — Codestream constraints for sublevel Sublev9bpp

Level Size of a smoothing Max codestream Max encoded
buffer umit 5., [DIts] size S, . [bytes] rate K, [MDbIts/s]
2k-1 18 432 4718 592 1203
4k-1 36 864 10027 008 2406
4k-2 36 864 18 874 368 4812
4k-3 36 864 18 874 368 9625
8k-1 73728 40108 032 9625
8k-2 73728 75 497 472 19 251
8k-3 73728 75 497 472 38503
10k-1 92 160 117 964 800 30081

© ISO/IEC 2019 - All rights reserved
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Table A.11 — 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]
2k-1 24576 6 291 456 1604
4k-1 49 152 13369 344 3209
4k-2 49 152 25165 824 6417
4k-3 49 152 25165 824 12 835
Sk 98304 53477376 12835
8k-2 98 304 100 663 296 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 levgl and sublevel of a codestream define a lower bound on the throughpatin both the encodefd
and decpded domains which a conforming decoder implementation shall suppert when decoding the
codestr¢am 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.12 andTable A.13.

The unrestricted level does not impose any constraint on maximumi¢picture width, maximum pictur
height, naximum number of grid point samples, or maximum grid\point sample rate. The unrestricte
sublevelldoes not impose any constraint on the nominal bpp.

=

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

Table A.12 — Signalling of the levelsof a codestream in the Plev field

Level Binary value of Plev field

Unrestricted 0000 0000 XXXX XXXX
2k-1 0001 0000 XXXX XXXX
4k-1 0010 0000 XXXX XXXX
4Kk-2 0010 0100 XXXX XXXX
4k-3 0010 1000 XXXX XXXX
8k-1 0011 0000 XXXX XXXX
8k-2 0011 0100 XXXX XXXX
8k-3 0011 1000 XXXX XXXX
10k-1 0100 0000 XXXX XXXX
Reservefl for ISO/IEC purposes all other values

An X indficates\eithera 0 ora 1.

I'able A.15 — Signalling o1 the sublevels of a codestream 1n the Flev 11eld

Sublevel Binary value of Plev field

Unrestricted XXXX XXXX 00000000
Full XXXX XXXX 1000 0000
Sublev12bpp XXXX XXXX 0001 0000
Sublev9bpp XXXX XXXX 0000 1100
Sublev6bpp XXXX XXXX 00001000
Sublev3bpp XXXX XXXX 00000100
Reserved for ISO/IEC purposes all other values

20 © ISO/IEC 2019 - All rights reserved
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Table A.13 (continued)

ISO/IEC 21122-2:2019(E)

Sublevel

Binary value of Plev field

An X indicates eithera 0 ora 1.

© ISO/IEC 2019 - All rights reserved
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Annex B
(normative)

Packet-based JPEG XS decoder model

B.1 G

This anipex defines a generic JPEG XS decoder model that precisely defines the temporal behaviour d

a decod
is neces
as defin
and tra
interope

B.2 Codestream fragments

B.2.1

ISO/IEC
marker
consists|

A coded|
accordir

— Eacdl
and

— All headers, marker segments and miajkers shall be assigned to the subsequent coded codestrear

frag
assi

— The

Figure H

bneral

er model assuming a processing granularity of codestream packets. The temporal behaviou
bary to derive the requirements on conforming codestreams for a given transmission channsg
ed in Annex C. The profiles and levels define the relevant parameters of the'decoder modg¢
hsmission channel model to impose requirements on the codestreams’and thus ensur
rability of any decoder implementation.

Coded codestream fragments

21122-1 defines the JPEG XS codestream as a sequencé.of packets, complemented by sever3
segments and packet headers located in various positions of the codestream. Each packe
of a packet header and a packet body. The last packet'of a precinct may be followed by fill byte

codestream fragment shall be a subset of consecutive bits of the codestream which is bui
g to the following rules:

1 coded codestream fragment shall contain exactly one packet, consisting of its packet headd
its packet body.

ment of the same codestream. If such a coded codestream fragment does not exist, they shall b
pned to the previous coded‘codestream fragment.

padding bits of a precinct shall be assigned to the previous coded codestream fragment.

.1 depicts the segméntation of a codestream into fragments.

112394 5|45 4|15/6 3|45 415167
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file header

header
inct header

packet header
packet body
fill bytes

marker

codestream fragment

Figure B.1 — Coded codestream fragment
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B.2.2 Blanking codestream fragments

ISO/IEC 21122-2:2019(E)

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

3

0O

ey
active pixel
blanking pixel

active image area

oSS I \SE N <

blanking region

- oot <

Figure B.2\— Blanking area

Coded codestream
fragments
precinct 0

Coded codestream
fragments
precinct 1

Vhen the underlying transport channel.dllows transmission of bits of encoded data during the blanking
eriods, improved image quality, in tetms of increased target amount of bits per pixel, can be achieved
y considering the blanking regions.during which transmission occurs in the buffer model. This shall
e done by inserting so called blanking codestream fragments into the sequence of coded codestream
Fagments as depicted in Figute B.3.

Coded cadestream
fragments
precinct n

Coded codestream
fragments
precinct n+1

Coded codestream
fragments
precinct n-1

Horizontal blanking
codestream
fragment 0

Coded codestream
fragments
precinct 2n-1

Horizontal blanking
codestream
fragment 1

Coded codestream
fragments
precinct (m-1)*n

Coded codestream
fragments
precinct (m-1)*n+1

Coded codestream
fragments
precinct m*n-1

Horizontal blanking
codestream
fragment m-1

Vertical codestream fragement

Figure B.3 — Blanking codestream fragments (n=N,, ,,
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According to ISO/IEC 21122-1, the codestream comprises n = N, , horizontally aligned precincts, where
N, , is the number of columns, and m = N, , vertically aligned precincts. For consideration of the blanking
perlod in the buffer model, a horizontal blanking codestream fragment f shall be inserted after each
coded codestream fragment that terminates a row of horizontally aligned precincts. The size in bits
of the horizontal blanking codestream fragment shall equal S;;,(f) = 0. The duration of the horizontal
blanking codestream fragment is expressed in number of coefficient groups N, , 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 hits of the vertical blanking codestream fragment shall equal S, .(f) = 0. Th
duration} of the vertical blanking codestream fragment is expressed in number of coefficient groups

N4, asgociated to the vertical blanking codestream fragment.

NOTE 1 | The time unit for the buffer model is based on coefficients groups. Since the number of all cogefficient
covered py all coefficient groups in the codestream is possibly larger than the number of imagé |samples du
to paddihg (as explained in ISO/IEC 21122-1), there is no strict integer relation between a pixel clock and
coefficient group clock. In order to avoid using different clocks in the buffer model, the blanking periods ar
defined gs a multiple of coefficient groups instead of pixels.

© L D wn

—_

NOTE 2 | The values of N, ,, and N,,,, are not signalled in the codestream itself(but in the Buffer Mod¢
Description 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.computed by

NLy
2" XN, (B.1)

N1 . . ..
Since coefficient groups represent up teV, pixels, one coefficient group corresponds to up t¢:
groups rep p g P group p p

s (1]

N (B.2)

1
Zi:lm

pixels. Hence, N

may be computed as:

cg,hz
N Ny~ 1
27 XN XN (il
’ =lg |i
_ X
Ncg, z — N (BE)
g
where
N - 41 1 £ - 11 s 1 1
L,y IS5 UIT ITUITTUTT U VET LI AT UCTLULITPUSITIUIT ITVTLS,
N,  isthe number of components in an image;
N, . isthe number of horizontal blanking periods in the pixel domain during which the

transmission channel continues transmission of the codestream;
s,[i] isthe subsampling factor of component i in horizontal direction;
N, isthe 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:

N,, x(Wf +N,, )

Consequently, N,

vt May be computed as:

E
Nb,yx(WﬁNb,x)XZLS [i]

cg,vt =
Ng

N

Where

Wy is the width of the image in samples;
is the number of components in an image;

is the number of vertical blanking periods during which the transmission channel cdntinues
transmission of the codestream bits;

s [i] isthe subsampling factor of component i in herizontal direction;

N is the number of coefficients in a code group.

—

his relation is informative only, because the relation between the duration of a pixel and a coefficient
group is not prescribed by this document.

B.3 Decoder model block diagram

ol

igure B.4 depicts the decoder block diagram that forms the base of any buffer model.
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2 tranpmission channel

3 decdder smoothing buffer
4 decdder unit

5 output pixels

6  decqder model

The dec
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coefficignt groups — may eventually.be output in form of decoded output pixels. For this purpose, t

decoder]
This de
stored.
first-out
v,, then

The dec
buffer. I
latency
However,
of clock

The decoder shall be able’to read a variable number of bits per clock cycle, following a first-in

1
6 | i
3
2 » - < 5 >

Figure B.4 — JPEG XS decoder model

bder model consists of a decoder unit; clocked by a periodic signal with period T. With each ney
Cle, the decoder unit starts decoding a new coefficient group, which — when not being blankiEE

unit reads with each clockieycle a variable number of bits from a decoder smoothing buffef.
oder smoothing buffer/has well-defined capacity, allowing a maximum amount of bits to be
t

semantic. This means-that when a bit v, is written into the decoder smoothing buffer before b
this bit v; shall not'be read after bit v,.

bder smoothing buffer is connected to a bit source that writes bits into the decoder smoothinj
h Figure B.4, this bit source is represented as a transmission channel, because for typical lo
applications, a decoder is connected to an encoder by means of such a transmission chann

codestrea

value, and this document does not prescrlbe 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 1,

decoder

e N be the maximum number of bits that can be stored in the

ec,max

smoothing buffer. Let 1 ,,.(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

26
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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)zldec (t_1)+wdec (t) (BA‘)

rdec (t)Sidec (t)SIdec,max (BS)

1 [ L)
‘,dec \*) Tdec \Y) (B6)

B.5 Buffer model types

=

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

Table B.1 — Buffer model types

Value of Tbmd Meaning
0 No upper limit of the decoder buffer assumed
1 Constant bit rate buffer model with limited transmission latency [see Formula (C.5)]
2 Constant bit rate buffer model with full use of\decoder smoothing buffer (variable frans-
mission latency) [see Formula (C.5)]
3-255 Reserved for ISO/IEC purposes
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Annex C
(normative)

Packet-based constant bit rate buffer model

Cl1 G

This anfiex defines transmission channel models assuming a fixed upper bit rate that is related, to thie

target c
constan
conform
the prof

C2 D

In order]
by the e

tdec,start

dec,

tdec,s

D,,eN

c

is the cl
into the
codestrg

idec (

The cod

cycle ¢t,,

bneral

bmpression ratio. Together with the decoder model of Annex B, it defines the packet-basef
F bit rate buffer model. It describes the conditions for a low latency interoperability of anfy
ing decoder. These conditions are expressed by buffer model parameters that are specified bly
les and levels defined in Annex A.

pcoder unit

to decode a codestream fragment f 2 1, the decoder unit reads all bits that have been generatefd
ncoder for this codestream fragment f. Processing of codestreanyfragment fe N starts at cycle

):

f-1
fart (f) = tchannel,start * Dch + chg (l)

i=1

o (o)

tchannel,start + Dch f =1

bart (f) = {td%sm (f _ 1) +N,, (f) otherwise

1

is the delay of the decoding startrelative to the start of the transmission channel. ¢ € 7

channel start

bck cycle in which the transmission channel writes the first bit of the considered codestream
decoding smoothing buffer: In order to process codestream fragment f, all coded bits g
am fragment f'shall be contained in the smoothing buffer:

=)

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

—

bd bits of each codestream fragment fe N are removed from the decoder smoothing buffer 3

| ead (SJEN . The latter is computed as follows:

tdec,

ead(f):tdec,start (f)+Ncg(f)_1

o (C.3)

i=1

f
tdec,read (f) = tchannel,start + Dch + (ZNQI] (1) ]_ 1

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

rdec (

28

0 otherwise

t)z{sbits(f) Elf:tdec,read(f):t
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where 3 stands for "there exists".

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

Table C.1 — Decoder model pseudo code

Operation Notes
wait(Cyec stare(0)) Wait for t,.. ¢0r:(0) clock cycles
f=1 Reset the codestream fragment counter
yhile (! 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(Negy(f) -1) Wait for N,(f) - 1. clock cycles. N, (f) is the procéessing time of qode-
stream fragment f.

bits= readBits(Sy;(f)) Read Sy;(f) from the smoothing buffer and remove them from §mooth-
ing buffer

decode_bits Decode the bits in the codestream fragment f

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

f=f+1 Advance to the next codestreamfragment

(.3 Encoder-decoder system model

o |

he packet-based constant bit rate buffer modgl is intended for applications where an encoder is
onnected to a decoder by a transmission channel with a maximum upper bit rate R, ¢ (for VBR
applications) or a constant bit rate R, (for@BR applications) that equals the target compresdion rate.

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

Figure (.1 illustrates the corresponding bldck diagram. It extends the decoder model of Figure B.4 by
showing the encoder feeding the transniission channel. Both the encoder and the decoder are assumefd
to be clgcked by a common periodic signal with period T.

The packet-based constant bit rate buffer model can also be applied in situations where the transmissio
channel|operates in bursts andean hence only be approximated by a constant bit rate channel or
channel{with a maximum hit-rate. Then, however, means shall be provided to transform the actug
transmipsion behaviour inté’one corresponding to subclause C.4.

— 0 =5

C.4 Transmission channel model

C.4.1 Transmission channel with maximum bit rate

The trarrsmission chammer modet shattwrite at most—R =) bits per ttock cycte imto tire decoder
trans

smoothing buffer for all cycles ¢ = t ;1 ne1 stare-

NOTE1 Thisincludes the blanking regions defined by N,

cghzand N

cg vt

SC max X8
_ S, (C.4)

Rtrans N
ZfilNCg (f)

where
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Scmax 1S the maximum size of the entire codestream in bytes from SOC to EOC, including all mark-
ers. In case the Lcod field of the picture header is unequal to zero, S, ., shall equal the
Lcod value;

N¢ is the number of codestream fragments including the blanking codestream fragments;

N4(f) is the number of coefficient groups in codestream fragment f.

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

can he (‘nmpntpd as:

STITOX

S =W, xHxbpp

c,max

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

t
deec (T) < L(t - tchannel,start )X Rtrans J
7=0

he value of ¢ ;01 s¢qre depends on the system configuration, and in particular on the encoder
ystem, ¢.panner stare ShOUld be determined by the encoder in such a way that the decoder buffer

dverflow.

wv_—

(.4.2 Transmission channel with constant bit rate

Hor transmission channels with constant bit rate, the transmission channel model shall write A

o

its per clock cycle into the decoder smoothing buffér for all cycles t 2 ¢ ;11 stare-

NOTE This includes the blanking regions defined by N, , and N}, ,.

—

he value of ¢ .4, stare Shall be setin such a'way that the transmission channel (or any other bi

b able to generate a continuous stream ‘ofbits without any interruptions.

—

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

t
deec (T) = L(t - tchannel,smrt )X Rtrans J
7=0

he value of ¢ ;01 6tarrdepends on the system configuration, and in particular on the encoder

ystem, ¢, anner sedze-Stiould be determined by the encoder.

v

The transmisSien channel is therefore described by Table C.2:

Table C.2 — Transmission channel pseudo code

(C.5)

In a full
does not

Yerans € Q

f source)

In a full

Operation Notes

=5 Remmatming fractionat bits

wait(Eepannelstart) Wait until transmission channel starts to write bits

while(!end of stream) { Repeat until the source stops sending bits

writeBits(| Rygns +7 ) Write | Ry, + | bits to the decoder smoothing buffer

Trans

Update the number of fractional bits
r= RTrans tr- I_RTrans + Y'J

wait (1) Wait for one cycle

} Continue sending data

© ISO/IEC 2019 - All rights reserved
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C.4.3 Relation between the two channel models

In case
models

an encoder generates only codestreams having the maximum size S, both channel

defined in subclauses C.4.1 and C.4.2 are effectively the same due to the definition of R

trans

in Formula (C.4). Consequently, the transmission channel model with constant bit 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 responsibility of the encoder to manage the transmission in such a way that the decoder buffer
does not overflow.

C5 D

The dec
model t
follows:

dec,

whd

NOTE
independ

C6 B

The follg
buffer m

cbr
Idec )

NOTE

AT,

m

S

sho

The buff

pcoder smoothing buffer

—

pder smoothing buffer shall behave as described in Clause B.4. Based on the selected buffd

ype defined in Clause B.5, the size of the decoding smoothing buffer I, ., iS lcOmputed as
ax = Ssbo +ymin I(;lejz max’ trans XZ ><_XATmax lines Tbmd<1
i=1 Sx[ ] N (C 6)
Lor max Tbmd =2 '

I*
— dec,max *
re Idec,max - R XRtmns < Idec,max
trans

Tbmd = 1 essentially leads to a system wheré. the maximum transmission latency in lines
ent of the image width Wrand the target compressjon rate R See Clause D.3.

%)

trans*

1ffer model instance

wing buffer model parameters arespecified for the profiles, levels or sublevels, referring to the
odel defined in Clause C.5:

base size of thé decoder smoothing buffer in bits due to sublevel and profile, not
o €N including the.smoothing buffer offset defined in Table C.3.

The actual numper.of bits that can be stored in the decoder smoothing buffer is given by Formula (C.5]).

) lines upper bound for the transmission latency in lines. Can be infinite.
offset to the buffer size computation.

er-model combined with those values is called a buffer model instance.

C.7 Buffer model instance parameters

Table C.

sublevel

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

defined in subclause C.4.2 and Clause C.5.

32
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Table C.3 — Derivation of the buffer model parameters for the packet-based constant bit rate
buffer model

Buffer model instance parameters Value
chr Nsbu x Ssbu
dec,max (see subclause A.4.2)
AT N

max,lines sbu

(see Table A.1, Table A.2, Table A.3)
(see 1lable A.1, Table A.Z, Table A.5)

sho

(.8 Buffer model conformance

(.8.1 Conformance of a single codestream

jary

single codestream conforming to the buffer model instance shall also be conformiphg with
O/IEC 21122-1. Finally, there shall exist a value D_,;€ N such that Formulae (B.4) to (B.6) gnd (C.2)

are valid for all cycles ¢, when the temporal behaviour of the channelland decoder models corresponds
tp the specifications in Clauses C.2 to C.6.

]

Ih case the transmission channel uses variable bit rate as defined’in subclause C.4.1, Formula ((.4) only

t

gstablishes an upper bound on the number of bits X

_o Waie{@) written to the decoder smoothing buffer.

Hor a conforming codestream, there shall exist a function w,,.(t) that is consistent with Formpula (C.4)
and for which Formulae (B.4) to (B.6) and (C.2) are true.

(.8.2 Conformance of a sequence of codestreams

his clause defines the conformance of a sequence C = [C(1),...,C(n)] of codestreams to a buff¢r model
nstance. For that, define the symbol 2,61 stare(i) @s the clock cycle where the transmission|channel
yrites the first bit of codestream C{i). Further, define the symbol D ,,(1) to be the delay between
L hannelstar¢(1) and the start of decedig of codestream C(1). Moreover, define the symbol Fj;.(C[1)) to be
he first codestream fragment of‘eodestream C(i) and F,,,,(C(/)) to be the last codestream fragment of
(). Define S ,,,(C(i)) to be the maximum size in bytes of codestream C(i), and define NAC(i)) to be the
umber of codestream fragments for codestream C(i).

o oo o < =

—

hen, for conformancgof C to a given buffer model instance, each codestream C(i) shall be corfforming
b this buffer modeliinstance according to subclause C.8.1, and in addition, the following shall hold:

—t

V1<i<n: tdec,start (Ffirst (C(I + 1)) = tdec,read(FIast (C(l)) +1

and

5. e (C(1))8

(i)
> (1)

C.8.3 Decoder conformance

=COMSt=R, -

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
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instances so that the decoder can receive them through the transmission channel at the time instances
assumed by the buffer model.

C.8.5 Decoder implementation deviations

A decoder implementation conforming to a buffer model instance may deviate from the temporal
behaviour of the decoder model defined in Clause C.2. However, it is then the responsibility of the
implementation to foresee all necessary measures to ensure that this implementation is able to decode
all conforming codestreams correctly.

C.8.6

Decoder
behavio
means S
Clause (

ransmission channel deviations

implementations conforming to a buffer model instance assume a bit rate transmissio

hall be provided to transform the actual transmission behaviour into one conresponding t
.4. These means should be defined in application-specific specifications.

ir as defined in Clause C.4. In case the actual transmission channel violates these assumptiong

Py

[=]
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Annex D
(informative)

Encoder model, latency bounds and codestream conformance

properties for the packet-based constant bit rate buffer mo

del

.1 General

nnex B and Annex C define the requirements on conforming decoders and codestfeams s
coder and decoder implementations of different vendors are interoperable. Moreover, they
that system implementations with low end-to-end latency are possible independent of th
ntent contained in the codestream.

ased on the clauses of Annex B and Annex C, it is possible to derive some fundamental prop,
nforming codestreams and system implementations, consisting ofa.conforming encoder and
his includes in particular a latency bound of conforming encoder*decoder systems.

.2 Encoder model

The encoder unit of the system model described in,Clause C.3 generates a sequence of code
eing a sequence of codestream fragments. Each codestream fragment fe N is written to the

low

0

ih codestream fragment i:

uch that
F ensure
e image

erties of
decoder.

streams
encoder

moothing buffer at cycle t,,. ... (f)€ N,. The latter depends on the number of coefficient groups N4(0)

f -1 f=1
t . =| »N_ (i) |-1=N, + D.1
e (f) [g N ( )] ) (f) {tenc (f - 1) otherwise (D-1)
Let Sy;.(f) be the number of.coded bits for codestream fragment f. Then data generation of thelencoder
model is described by the pseudo code in Table D.1:
Table D.1 — Encoder pseudo code
Operation Notes

=1 Reset codestream fragment counter
hile('end of stream) { Repeat until the stream is interrupted

wait@g, () - 1) Wait N, (f) - 1 clock cycles

writeBits(bits, Sy;.(f)) Write Sy;.(f) bits to smoothing buffer

wait{1) GotoextTyce

f=f+1 Go to next fragment
}
D.3 Buffer relations
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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 N is computed by:

enc ZSbItS ( tenc,write (f)) - L(t +1- tchannel,smrt )X Rtmns Jxé ( channel start )

NOTE1  Whent,,, () = 0and t.pgpner seare = 0, the encoder produces data in the cycle ¢ = 0. and transmission
immediately starts at ¢ = 0.

From Formmutae €2 amd D13 it fottows tihat:

tdec,r ad (f) = tchannel,start + Dch + tenc,write (f)
%Y—/
tdec,s[art (1)

For a cqnstant bit rate transmission channel model of subclause C.4.2, the fill level,éf the decodd
smoothing buffer at the end of cycle ¢, 4.(1) + t is computed as:

Idec (tdec,start (1) + t)

= L(tdec,start (1) +t- tchannel,start +1 ) X Rtrans J (DZ)

zsblfs Xé t— tenc,write (f))

taec,stare[1) 1s the cycle where the decoder starts decoding.

—

From thjs, it follows that

Ienc ( L) +Idec (tdec,start (1)+t)
= L(tdec,start (1) +i— tchannel,smrt + 1)X Rtrans J
- L(t +1- tchannel,start )X Rtrans ng (t - tchannel,start )
For ¢ 2 t}yunner seare it follows that
Ienc ( )+ Idec ( dec,start (1)+t) = Isum +€1 (t)E N

1 (o)<t

(D.9)
Isu tdec start ( ) trans — const
Ry €NS=€, (£)=0
This is gquivalentto
Ienc (t)+ldec (tdec,start (1)+t) =l_lsum _l +62 (t)E N
(NI 11 (N )
CZ \L)C ‘lU, LJ' LJJ.

R

trans

eN=¢,(t)=0

The maximum decoder buffer fill level is given for

Ienc( ) 0:>Idec< dec,start (1)+t):[lsum—|+62 (t)
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Hence,

dec max =l_ sum _l ‘thec start Rtrans —|

As tdec,start (1)6 N ’

| o* | | |

tdec,start (1) = t ~decmox J = L decmax J (DS)

Rtrans Rtrans

(on)

iven that the encoder model starts encoding at cycle t = 0, ¢4, 54,¢(1) corresponds to the.coding latency
h coefficient groups of the system model depicted in Figure C.1. In case the horizontal'blankinjg period

5 set to zero (N  p, = 0), the latency in lines is thus given by

— s

trans

tdec,start (1 ) X Ng — Ng X\‘ l;ec,max J
N, 1 N 1
KRN RN

If the buffer model type is Tbmd = 1, and S, = 0, then it follows that

*
Idec,max = trans XZ S X X ATmax ImesJ ’

11X g

1

rom this, it follows that

N1 W
Rugw* ), —LxAT
tdeC,start (1)XNg _ Ng \‘ y® 2/1 =lg [ ] N max lines

= X
Ne 1 Ne 71 R rans
IR R f

Therefore, buffer model type Fbmd = 1 leads to a system where the end-to-end transmission lgtency in
nes is approximately boufided by the parameter AT, jines-

=AT

max lines

[a—

NOTEZ2 WhenN

cohzt Y the latency in lines becomes slightly smaller.

NOTE3  The factthat S, > 0 causes the latency bound to become slightly larger.

D.4 Minimmum decoder delay D,

Ih orderto avoid a buffer underflow in the decoder, according to Formulae (B.4), (B.5) and [C.2) the
bllowing condition shall hold:

-

Idec (tdec,start (f) - 1) + Rtmns 2 Sbits (f)

For the constant bit rate transmission channel model, the left side of this formula computes to:

f-1
Idec (tdec,start (f) - 1) + Rtrans = {Rtrans ’ (tdec,start (f) - tchannel.start ) trans J szts

i=1

NOTE In case of tdec,startm = Lchannel,starts Idec(tdec,start(f) -1)=0.
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