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Foreword

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

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
identified depending on the targeted use case.

Considering the impracticality of implementing the full syntax of ISQ/IEC 21122-1_and in order to
meet|the requirements of the different target applications while safeguarding as much@s|possible the
interpperability enabled by the common syntax defined in ISO/IEC 21122-1, a limited numbler of subsets
of this syntax are stipulated by means of “profiles”, “levels”, and “sublevels”.

The doding tools specified in ISO/IEC 21122-1 allow encoder and decoder implementationf to limit the
end-tp-end latency to a fraction of the frame size. To ensure this propertyj\this document specifies a
buffer model, consisting of a decoder model and a transmission channel model.

© ISO/IEC 2019 - All rights reserved v
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document defines a limited number of subsets of the syntax specified indSO/IEC
fer model to ensure interoperability between implementations in the)presence
raint.
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3.1
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3.11

2 r]IQormative references

llowing documents are referred to in the text in such a way that some or all of {
itutes requirements of this document. For dated references, only the edition cited
Fed references, the latest edition of the referenced docuinent (including any amendme

EC 21122-1, JPEG XS low-latency lightweight imagecoding system — Part 1: Core coding

‘erms, definitions, symbols and abbreviated terms

Terms and definitions

he purposes of this document, ‘the terms and definitions given in ISO/IEC 2112
ving apply.

nd [EC maintain terminplegical databases for use in standardization at the following

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

EC Electropedia: available at http://www.electropedia.org/

blanking codestream fragment
placeholdercodestream fragment (3.1.8) representing blanking periods

3.1.2

21122-1 and
of a latency

heir content
applies. For
nts) applies.

system

2-1 and the

hddresses:

horizontat blaukiug per fod
timespan expressed in units of the grid point sampling rate between the last pixel (3.1.22) of an image
line — 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
a set 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 codestream frngmnnf
continuous Jequence of bits in the codestream containing exactly one packet body and a well4dgfined
number of packet headers, markers and marker segments

3.1.8
codestreant fragment
either coded|codestream fragment (3.1.7), or blanking codestream fragment (3.1.1)

3.1.9

code group
group of quantization indices in sign-magnitude representation representing a quantized coeffiicient
group (3.1.10)

3.1.10
coefficient group
number of hprizontally adjacent wavelet coefficients from the)same band and precinct

3.1.11
cycle
single clock period of an encoder or decoder clockedimplementation

3.1.12
decoder mgdel
combination|of a decoder unit (3.1.14) and adecoder smoothing buffer (3.1.13)

3.1.13
decoder smpothing buffer
memory buffer that is used to level out changes in the number of bits read by a decoder unit (3.1.14) per
time unit

3.1.14
decoder unit
module reading a vatriable number of bits per time unit to generate decoded output pixels (3.1.22) with
a fixed rate

3.1.15
decomposition level

set of wavelet coefficients resulting from a particular level (3.1.21) of recursive application of a wavelet
transform

3.1.16
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
nominal bits per pixel value
mean-number of bits allocated per encoded pivpl ('2 1 77) which is used to derive the sublevel (3128)

consfraints by assuming an image with well-defined dimensions and frame rate derive@from the level
(3.1.41)

3.1.21
level
defingd set of constraints on the amount of decoded sampling grid points (3.1.25) to be progessed by an
er or decoder, both in the spatial and time dimensions

to entry: The same set of levels is defined for all profiles. Individual"implementations may, within the

positjon in the sample grid (3.1.24) that is populated by a‘sample value of at least one compjonent

specified subset of the codestream syntax together with admissible parameter values

3.1.2¢
sample grid
abstrpct coordinate system on which image sample values are positioned

3.1.2p
sampling grid point
positjon on the sample grid (3/1.24), specified by integer horizontal and vertical offset rglative to the
origin of the sample grid

3.1.2p
smogthing bufferiunit
level [3.1.21) and-sublevel (3.1.28) dependent number of bits by which the smoothing buffer size of the
decoder modél (8.1.12) is specified

3.1.27
startjof transmission
SoT

time at which the transmission channel (3.1.29) starts transmission relative to the start of encoding of
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 Conformance language

ISO/IEC’s usgof verbal forms is detailed at:

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

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

3.3 Operators

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

+ dddition
- qubtraction (as a binary operator) or negation.(as a unary prefix operator)
x rhultiplication

/ division without truncation or rounding

3.3.2 Logical operators

[a—

pgical OR
&&

[a—

pgical AND

—

pgical NOT

3.3.3 Reldtional operators

> breater 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

X, mn]h'p]irnh'nn’ division left to righf

+, - addition and subtraction left to right
<,>E 2 relational left to right

& bitwise AND left to right

| bitwise OR left to right

3.3.5| Mathematical functions

[x]
[x]

1]

sign(x)

max;(x;)

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

floor of x: returns the largest intéger 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 ifx'is positive, -1 if x is negative

1 t=0
step function &(t) :{

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

4 Specifications

4.1 (Symbols

A=1[3;,a,,.583]

sequence of elements a; - a,

0 otherwise

A||B concatenation of two sequences A and B

C(i) codestream i

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
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H

max

L

max

lenc (t)

ldec(t)
1

enc,max

ldec,max

ldec (t)
Lsum(®)

sbu

Q

rdec(t)

R

trans

Rt,max(lm' 15)
R

s,max

Sbits(f)

maximum picture height in sampling grid points

maximum number of sampling grid points per image

fill level of the encoding smoothing buffer in bits at the end of cycle t
fill level of the decoding smoothing buffer in bits at the end of cycle t
capacity in bits of the encoding smoothing buffer

capacity in bits of the decoding smoothing buffer

number of bits that can be read from the decoding smoothing buffer in cyclet
sum of encoder and decoder smoothing buffer fill level in bits at cyclet

all integer numbers being strictly larger than zero

all integer numbers being greater than or equal to zero

size of the horizontal blanking line in sampling grid point clock periods
size of the vertical blanking period in sampling grid lines

nominal number of bits allocated per pixelfof compression

number of components in an image

number of coefficient groups within,codestream fragment f

number of coefficient groups @ssociated to a codestream fragment represen{
horizontal blanking period

number of coefficient greups associated to a codestream fragment represen{
vertical blanking period

number of codestream fragments within a codestream i
number of coefficients in a code group

number-of vertical decomposition levels

number of precincts per sampling grid line

number of precincts per sampling grid column

number of decoder smoothing buffer units for a given protfile

set of rational numbers

ing a

ing a

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

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

maximum admissible encoded throughput in bits per second for a given level
max grid point sample rate (in samples per second) at decoder output

number of bits forming the codestream fragment f

© 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

sy[i] subsampling factor of component i in vertical direction

Tene clock period defining the frequency by which code groups are processedlty an encoder

Tyec clock period defining the frequency by which code groups are prodessed|by a decoder

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

taec start() timestamp in cycles at which decoder starts decoding €odestream fragment f

taec rdad(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 mdx maximum column width in sampling grid points for a given profile

Wyec®) number of bits written intoithe decoder smoothing buffer in clock cycl¢ t

W; width of the image in-sampling grid points

W s maximum pictunreywidth in sampling grid points

4.2 |Abbreviated terms

bpp bits per pixel

DWT discrete’'wavelet transform

IDWT ihverse discrete wavelet transform

RCT reversible colour transform

IRCT inverse reversible colour transform

4.3 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 latency
inherent to each processing step of the encoding-decoding chain whose methods are described
in ISO/IEC 1122-1 To ho]p imp]nmnhfnrc estimate the ]afnnry of their Hnwir‘n, Annex FE givnc yseful
information|on the minimum latency that can be achieved by the different methods descfibed in
ISO/IEC 211P2-1.

5 Bufferjmodel

5.1 General system block diagram

The JPEG XS|coding system addresses applications where coded images aretransferred from a spurce
to a target, 4s shown in Figure 1. To this end, the encoder is compressing a continuous stream of|input
pixels into g sequence of bits. These bits are forwarded by means-ofZa transmission channel to the
decoder thaf decompresses the bits to produce a continuous stream-af output pixels.

— A2 SN 8 |
4 > M > 5 > D~ 2
4 6
Key
1  encoder ¢lock
2 pixel datg
3 encoder finit
4 encoder §moothing buffer
5 transmission chamnel
6  decoder §modthing buffer
7 decoder yinit
8 decoder clock
9 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 bits at the rate afforded by the transmission channel and the

consumption of bits by the decoder per clock.

Corrgct operation requires that the decoder buffer never overflows. This is because®

}

not aple to pause the arrival of bits from the transmission channel. Moreover, a buffer

the
accor
from
in thi

5.2

Avoid

decodler smoothing buffer. Moreover, the time at which decodjngstarts is delayed relative tq

time
many

5.3

The d
using
speci
defin

coder buffer needs to be avoided. This is because the decoder is required te out

T

decoder is
derflow in
put pixels in

dance with the timing of its output interface. Hence it needs to be ensured that the bits to be read

the decoding buffer to produce the next pixel in accordance with the decoding clock
s decoding buffer.

Influencing variables on the required buffer sizes

ing any buffer overflow or underflow, as discussed in subclause 5.1, requires propel

bf encoding and the start of transmission needs to be carefully set. Those values are i
system parameters, for example:

he maximum transmission channel bit rate.
he granularity at which the encoder writes theencoded data and the decoder reads the g
he rate control strategy applied by the encoder.

e dependencies cause that encoders:and decoders are only interoperable in well-define
ing these conditions is the purpese of the buffer model defined in Annex B and Annex

hre available

ly sizing the
the starting
hfluenced by

ncoded data.

d conditions.
C

Role of the buffer model

ore coding system defined in ISO/IEC 21122-1 can be implemented on a large variety
many different implementation strategies. Thus, interoperability cannot be achieved
fying the tempgral’behaviour of a conforming decoding implementation. Instead, the

bs a simplified.decoder model. Interoperability is then achieved by mandating that 2

deco

er shall décode all bit streams being decodable by the simplified decoder model

of platforms
by precisely
buffer model
conforming
Similarly, a

confgrming ehcoder shall not create bit streams that cannot be decoded by the simplified defoder model.

To thiis/end, Annex B defines a generic JPEG XS decoder model that precisely defines the temporal
behayiour of the decoder model assuming a processing granularity of codestream packetd. While such
a model already defines some fundamental properties of the decodable codestreams, it is still not
sufficient to ensure interoperability. The reason is that otherwise codestreams could be constructed
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.
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Annex A
(normative)

Profiles, levels and sublevels

A.1 General

Profiles, lev¢ls and sublevels specify restrictions on codestreams and hence limits on the capab

needed to

interoperabillity points between individual decoder implementations.

Each profile
be supporte
features sup

The combina
implementat
decoded dor
number of s2

The subleve
allocated fon

ecode the codestreams. Profiles, levels and sublevels may also be used-fo0) ing

specifies a subset of algorithmic features and limits on their parametehization that]
1 by all decoders conforming to that profile. Encoders are not requined‘to make use
ported in a profile.

tion of a level and a sublevel defines a lower bound on the throughput a conforming de
ion shall support. To this end, the level gives upper bounds forthe image parameters
nain, namely the maximum image width, the maximum Gmage height and the max
mpling grid points to be processed per second.

defines upper bounds in the coded domain, such. as the nominal bits per pixel
an encoded image having maximum width and height. In combination with the consti

set by the le
encoded im

it defines th¢ decoder smoothing buffer unit, whose size is specified in subclause A.4.2.

By these means, the decoding smoothing buffer;size can be derived from the profile. In combin

with the to
implementat

Figure A.1 ¢
they impose

vels in the decoded domain, this allows the derivation of upper bounds on the admi
ge size and the upper number of bits a decoder is required to decode per second. Mor}

| selection performed by a profile; this allows to control the complexity of a de
ion.

lepicts the relation between level, sublevel, profile and the corresponding constr

lities
licate

shall
of all

roder
n the
mum

value
aints
5sible
bover,

ation
roder

aints
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featu
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A
decoder model
> smoothing buffer
size

profile
features, parameter ranges

\
decoder

> implementation
complexity

ure A.1 — Relationship between the different conformance constraints and the
the decoder cemplexity

Profiles

Definitions of profiles

es specify subsets of coding tools which conforming decoders shall support. Moreq
the permitted parameter.‘values. Consequently, profiles are differentiated along t
res:

ecoder smoothingbuffer size expressed in smoothing buffer units;
moothing bufferoffset;
it depth;

hromasampling formats;

— 1

impact on

ver, profiles
he following

umber of vertical wavelet decompositions;

— number of horizontal wavelet decompositions;

— S

upported 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
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Table A.1 — JPEG XS Main profiles

number of verti-
cal decomposition
levels is zero®

the numpbér of
vertical'decom-
paosition levels

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 4:4:4,4:2:2:4,
Number of viertical decompositions Upto1l Upto1l Up.to)l
Number of horizontal decompositions¢ [1-5] [1-5] [2-5]
Quantizer type Qpih 0(DZQ) 0 (DZQ) 0 (DZQ)
1 (Unform) 1 (Unform) 1 (Uniforjm)
Column mode (see Cw in ISO/IEC 21122-1)d One column One column One column
except when the except when except when

the numbé¢r of
vertical depom-
position lgvels

is zero® is zerof
Slice height jn number of image rows 16 16 16
Buffer moddl Tbmdf 1 and2 1and 2 1 and ]

a2 The smoo
image width i

b The value|
markers.

¢ As define
number of ver

d  The colun

indicated in th
and N , is the

€ One colun
with ISO/IEC 2

f  Decoders

NOTE Th

i other profiles. See Formulae (A.1) and (A.2).

[ical wavelet decompositions.

n width in sampling grid points is given by C, =

number of horizontal waveletdecompositions.

1122-1 is allowed,
Khall both suppaert Tbmd=1 and Tbmd=2.
Imd=2 includes-Tbmd=1.

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

Wy

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

otherwise

<2048, where

hing buffer unit size is determined by the maximum columirwidth in Light-Subline profile and the maxjimum

of 1 024 bits (128 bytes) has been derived from a tirpical size of the picture header without any extgnsion

s the

Cwis

e picture header (see ISO/IEC21122-1), Wyis the image width, s,[i] is the subsampling factor for compopent,

n of full width if numben of vertical decompositions larger than 0, otherwise any column width confofming

12
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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 0
Numper of horizontal decompositions¢ [1-5] [1-5] [1-5]
Qualltizer type Qpih 0 (DZQ) 0 (DZQ) 0 (DZQ)

1 (Uniform)
Column mode (see Cw in ISO/IEC 21122-1)d Only one column | Only one,col- Nax column
permitted (full | umn permitted | wjidth =2 048

width) (ful. width)
Slicelheight in number of image rows 16 16 16
Buffer model Tbmdf 1and 2 1and 2 1and 2
a  The smoothing buffer unit size is determined by the maximum column width in Light-Subline profile and the maximum
imagg width in other profiles. See Formulae (A.1) and (A.2).
b The value of 1 024 bits (128 bytes) has been derived from a typicaksize of the picture header without|any extension
markers.
¢ As defined in ISO/IEC 21122-2, the number of horizontal wavelet decompositions shall be at least ds large as the
numbler of vertical wavelet decompositions.

—

indicd
and M

NOTH

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

Wy

he column width in sampling grid points is given hy,C, = <204

otherwise

ted in the picture header (see ISO/IEC 21122<1), Wis the image width, s,[i] is the subsampling factor fq
| x is the number of horizontal wavelet decompositions.
ecoders shall both support Tbmd=1.atid Tbmd=2.

Tbmd=2 includes Tbmd=1.

B, where Cw is

r component i,

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

Profile High High
444.12 4444.12
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 VET ticatdecompositions Ypto2 Yptoz
Number of Horizontal decompositions°© [1-5] [15]
Quantizer type Qpih 0 (DZQ) 0.(DZQ)
1 (Unform) 1+(Unforjm)
Column mode (see Cw in ISO/IEC 21122-1)d One column, One column
except wheh except when
the numbertof | the number of
vertical decom- | vertical defcom-
position levels | position lgvels
s zero® is zerof
Slice height jn number of image rows 16 16
Buffer modgl Tbmdf 1and 2 land?

a  The smoo

image width iy
b The value|
markers.

As define
number of ver

Cc

d  The colun

indicated in th
and N , is the

€ One colun

with ISO/IEC 4

f  Decoders

NOTE Tbm

hing buffer unit size is determined by the maximum column width in Light-Subline profile and the max
) other profiles. See Formulae (A.1) and (A.2).

of 1 024 bits (128 bytes) has been derived from a typical size of the picture header without any extq

H in ISO/IEC 21122-2, the number of horizontal. wWavelet decompositions shall be at least as large
Fical wavelet decompositions

8xCw xmax;(sy [i])XZN“ if Cw>0

Wy

n width in sampling grid points is givenby C, = <2048, wherg

otherwise
e picture header (see ISO/IEC 21822-1), Wyis the image width, s,[i] is the subsampling factor for compo
number of horizontal wavelet'decompositions.

n of full width if number of.vertical decompositions larger than 0, otherwise any column width confo
1122-1 is allowed.

Khall both support'Tbmd=1 and Tbmd=2.
=2 includes Thmd=1.

imum

nsion

s the

Cwis

hent i,

rming

Figure A2 r
of inclusivity

Light444.12

ppresents the relation of the profiles defined in Table A.1, Table A.2 and Table A.3 in {
. The Light422.10 profile is for instance contained in both the Main422.10 profile an
profite. The Main422.10 profile is again included in the Main444.12 profile, etc.

erms
d the

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.

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

Main444.12

Main422.10

Light444.12

Li@s}&élo Light-Subline 422.10

Figure A.2 — Inclusivity relation ofithe JPEG XS profiles

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

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

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

Sa“ilr;“g 4:2:2 4:2:2 4:2:2 4:2:2 4:2:2 4:2:2 4:2:2 4:2:2
formlats

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
decoded

bpp

A.2.2 Protfile 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 0001 0101 0000 0000 0x1500

Light 444.12 0001 1010 0000 0000 0x1A00

Light-Subline 422.10 0010 0101 0000 0000 0x2500

Main 422.10 0011 0101 0100 0000 0x3540

Main 444.12 0011 101001000000 0x3A40

Main 4444.1p 0011 1110 0100 0000 0x3E40

High 444.12 0100 1010 0100 0000 0x4A40

High 4444.12 0100 1110 0100 0000 0x4E40

Reserved for|ISO/IEC all other values

purposes

Conforming encoder and decoder implementations shall only rely on the valu€s,given in Table A.§ (and
not on the following note).

NOTE 2  The current assignment of Ppih values to profiles is defined such that4 bits signal the coding topl set,
2 bits signal the chroma format, 2 bits signal the maximum permissible bit.depth, 2 bits signal the smog¢thing
buffer unit and 6 bits are currently unused. However, future profiles will possibly deviate from this schemg.
A.3 Levels

Levels define a lower bound on the throughput in the‘decoded domain that a conforming defoder
implementation shall support. Levels are defined alofigthe maximum permissible sampling grid goints

per line, the
sampling gr

defines all ayailable levels.

Table A.6 — JPEG XS levels

maximum number of sampling grid«points per column height, the maximum number of
d points per image, and the maxiniiim sampling rate of grid points per second. Tab

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

2k-1 2048 8192 4194 304 133 693 440 1280x720@120
1920x1080@60
2048x1536@30
204-8x2048@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

16 © ISO/IEC 2019 - All rights reserved
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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
4096x3072@60
4096x4096@60
3840xP160@120
4096%R160@120
8Kk-1 8192 32768 35651 584 1069 547 520 8840xR160@120
768044320@30
8192%4320@30
8kt2 8192 32768 67 108 864 2139 095,040 3840xR160@240
819246144@30
819258192@30
7680:44320@60
819244320@60
8kt3 8192 32768 67 108 864 4278190080 3840xR160@480
4096xR160@480
8192%6144@60
8192x8192@60
7680x#+320@120
8192x#1320@120
10k-1 10 240 40960 104-857 600 3342336 000 10240K7680@30
10240410240@30
10240K4320@60
10240x5400@60
NOTH1 Since levels define maximum-permissible sample counts and sample rates, a decoder conforming to a
specific level is also conforming to all levels that only require a smaller sample count and sample|rate than the
given(level.
NOTH2 The maximum number of sample grid points is not identical to the product of the maxjimum picture
height and the maximum picture width.
A.4 |Sublevels
A.4.1 Definition of sublevels
Sublgvels define a lower bound on the throughput in the encoded domain that a confornpjing decoder
imple i i i i i ) value Ny,

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

S

sLmax-
markers. S

I, max

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

Ssl,max = \‘ LmaX - Nbpp J

8

© ISO/IEC 2019 - All rights reserved

: 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
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t,max-

R

maximum grid point sample rate R

follows:

R

t,max

=R

Moreover, the size of the smoothing buffer unit S,

Maximum admissible encoded throughput in bits per second. R

122-2:2019(E)

tmax 1S derived from the

s,max Of the level and the nominal bits per pixel value N,, as

XN

s,max bpp

in 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 = (Al)
e,max <X Nppp otherwise
W, nax 1S deflined to be the maximum column width and depends on the chosen profile as follows:
2048 if profile =Light-Subline422.10
VI/C max = . (A'Z)
’ W, o otherwise
The actual cplumn width is computed by
c - 8x|Cw xmax, (s, [i[)x2" if CW>'0 (A3)
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, nax i an ypper bound for the allowed column width: C;< W, ;.-

The nomina

image that does not have mlaximum width and height. In this case, the amount of bits per pixel fi

encoded ima
sublevels arg

A.4.2 List

oded
or the
y the

bpp is not identical to the maximum permissible amount of bits per pixel for an en

ge may be latger than N,,, as long as the constraints on the codestream defined
e followeds

of sublevels

Table A.7 list

value is not unrestricted.

Table A.7 — List of sublevels

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

18
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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.

NOTE 2

they dre not listed in the tables hereunder.

Table A.8 — Codestream constraints for sublevel Sublev3bpp

Level Size of a smoothing Max codestream Max encoded
buffer unit S, , [bits] size S .« [bytes] rate Ry, ., [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 25/165 824 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 12288 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

8k<3 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 unit S, [bits] size S .« [bytes] rate R, .. [Mbits/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

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

Table A9, Table A.10 and

Since the constraint on conforming codestreams for the Full sublevel depends on the selected profile,
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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 13 369 344 3209

4k-2 49 152 25165 824 6417

4k-3 49152 25165 824 12 835

8k-1 98 304 53477 376 12 835

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 Signdlling of levels and sublevels in the Plev field of picture header

The level and sublevel of a codestream define a lower bound on the throughptt in both the en

domains which a conforming decoder implementation shall support when decodin
into an image. The level and sublevel shall be indicated in.thé Plev field of the pi
ed in ISO/IEC 21122-1 by the values defined in Table A.12 andyTable A.13.

and decoded
codestream
header defin

The unrestri

sublevel doe

The unrestri

cted level does not impose any constraint on maximum picture width, maximum pi
height, maximum number of grid point samples, or maximum grid-point sample rate. The unrest
5 not impose any constraint on the nominal bpp.

Cted level and sublevel shall not be consideredias conformance points.

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

oded
g the
cture

cture
ricted

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
Reserved for|ISO/AIEC purposes all other values

An X indicatds eitheraOora 1.

Table A.13 — Signalling of the sublevels of a codestream in the Plev field

Sublevel Binary value of Plev field
Unrestricted XXXX XXXX 00000000
Full XXXX XXXX 1000 0000
Sublev12bpp XXXX XXXX 0001 0000
Sublev9bpp XXXX XXXX 00001100
Sublev6bpp XXXX XXXX 00001000
Sublev3bpp XXXX XXXX 00000100

Reserved for ISO/IEC purposes

all other values

20
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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 General

This annex dlefines a generic JPEG XS decoder model that precisely defines the temporal behaviq

a decoder
is necessary
as defined i
and transm

u}odel assuming a processing granularity of codestream packets. The temporal\beha

to derive the requirements on conforming codestreams for a given transmission ch
h Annex C. The profiles and levels define the relevant parameters of the d€coder 1
ssion channel model to impose requirements on the codestreams‘ arid thus e

interoperability of any decoder implementation.

B.2 Code

B.2.1 Cod

ISO/IEC 211
marker seg
consists of a

A coded cod
according to

and its f

stream fragments

bd codestream fragments
P2-1 defines the JPEG XS codestream as a sequenceé of packets, complemented by se

hents and packet headers located in various positions of the codestream. Each p

estream fragment shall be a subset of consecutive bits of the codestream which is
the following rules:

Each cogled codestream fragment shall contain exactly one packet, consisting of its packet h

acket body.

All headeers, marker segments and markers shall be assigned to the subsequent coded codest

ur of
viour
hnnel
nodel
hsure

veral
acket

packet header and a packet body. The last packet‘of a precinct may be followed by fill bytes.

built

bader

ream
all be

fragment of the same codestream.{fsuch a coded codestream fragment does not exist, they sh|

assigned to the previous coded codestream fragment.
— The padfing bits of a precifict'shall be assigned to the previous coded codestream fragment.
Figure B.1 d¢picts the segmentation of a codestream into fragments.

1102 304|545 415/ 6 345/ 4|1 5|6]|7
N 3 H_) N ~ N ~ J ~ J
8 8 8 8 8
Key
1 file header
2 slice header
3  precinct header
4  packet header
5 packet body
6 fill bytes
7  EOC marker
8 codestream fragment
Figure B.1 — Coded codestream fragment
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B.2.2 Blanking codestream fragments
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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.

Key

BowWw N R

Wheithe underlying transport channel.allows transmission of bits of encoded data during

peri
by ¢

be dg

1

_

A

ctive pixel
lanking pixel
ctive image area

o o

lanking region

s, improved image quality, in terms of increased target amount of bits per pixel, can
sidering the blanking regions:during which transmission occurs in the buffer mod
ne by inserting so called blanking codestream fragments into the sequence of coded

Figure B.2’— Blanking area

fragments as depicted in Figure'B.3.

Coded codestream
fragments
precinct Q

Coded codestream
fragments
precinct 1

Coded codestream
fragments
precinct n-1

Horizontal blanking
codestrpam
fragmept 0

Coded codestream
fragments
precinct n

Coded codestream
fragments
precinct n+1

Coded codestream
fragments
precinct 2n-1

Horizontal blanking
codestrpam
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,, ,,

© ISO/IEC 2019 - All rights reserved

m= Np,y)

the blanking
be achieved
pl. This shall
codestream
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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 bits of the vertical blanking codestream fragment shall equal S, (f) = 0. The
duration of the vertical blanklng codestream fragment is expressed in number of coefficient groups

N¢g, ¢ associ

NOTE1 The time unit for the buffer model is based on coefficients groups. Since the number of allicoefficients
covered by all coefficient groups in the codestream is possibly larger than the number of image $amplg¢s due
to padding (s explained in ISO/IEC 21122-1), there is no strict integer relation between a pixel clock |and a
coefficient grpup clock. In order to avoid using different clocks in the buffer model, the blanking periogls are
defined as a npultiple of coefficient groups instead of pixels.

NOTE2  THe values of N, ,, and N,,,, are not signalled in the codestream itself bt in the Buffer Model
Description bpx, specified in ISO/IEC 21122-3.

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

The duration of the horizontal blanking period in pixels can be.¢e@mputed by

NLy
2" XN, (B.1)

N |1 o . o
Since Z ) [] coefficient groups represent up te\V, pixels, one coefficient group corresponds to ip to:
=1 |i

N ’ 1 (B.2)
Zi:l s, i]

pixels. Henc¢, Noy p,,

may be computéd as:

N, NS o1
2 XNb'szizls [1]

Negh: = N, . (B.3)
where

N;,, isthe number of vertical decomposition levels;

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(W;+N,,)

Consequently, N, ,, may be computed as:
| 1|
N, x(W.+N, Ix¥
by L A == = S, llJ
Ncg,vt = N
9

wherg

W, is the width of the image in samples;
N is the number of components in an image;

N is the number of vertical blanking periods during which-the transmission channlel continues
transmission of the codestream bits;

sk[i] is the subsampling factor of component i in herizontal 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.

B.3 |Decoder model block diagram

Figurne B.4 depicts the decoder blokk diagram that forms the base of any buffer model.
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4 decoder finit
5 outputhEels
6 decoder model

Figure B.4 — JPEG XS decoder model

The decoder
clock cycle,

model consists of a decoder unit) clocked by a periodic signal with period T. With each new
he decoder unit starts decoding a new coefficient group, which — when not being blahking

coefficient g
decoder uni
This decode

roups — may eventually-be-output in form of decoded output pixels. For this purpos
reads with each clock‘cycle a variable number of bits from a decoder smoothing b
 smoothing buffer has well-defined capacity, allowing a maximum amount of bits

e, the
uffer.
to be

stored. The
first-out sen
v,, then this

st-in-
re bit

ecoder shall be able to read a variable number of bits per clock cycle, following a fir
antic. This medns that when a bit v, is written into the decoder smoothing buffer befo
bit v, shall notbe read after bit v,.

The decoder
buffer. In Fig
latency appl
However, in | A A )
of clock cycles the start of decoding needs to be delayed relatlve to the time at Wthh the flrst bit of the
codestream arrives in the decoding smoothing buffer. Different methods are possible to generate this
value, and this document does not prescribe any of them.

smoothing buffer is connected to a bit source that writes bits into the decoder smoo
fure B4, this bit source is represented as a transmission channel, because for typica
cations, a decoder 1s connected to an encoder by means of such a transmlssmn chd

thing
I low
innel.

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, € N be the maximum number of bits that can be stored in the

ec,max

decoder 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
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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:

Liee (t) = Lo (E=1)+w,, (1) (B.4)
rdec (t)SIdec (t)SIdec,max (BS)
Idec (t) = Idec (t - 1) + W gec (t) _rdec (t) = Idec (t) _rdec (t) (B6)
B.5 [Buffer model types
Tableg 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 Formulg (C.5)]
2 Constant bit rate buffer model with full use of decoder smoothing buffer (varipble trans-
mission latency) [see Formula (C.5)]
3-255 Reserved for ISO/IEC purposes
© ISO/IEC 2019 - All rights reserved 27
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Annex C
(normative)

Packet-based constant bit rate buffer model

C.1 General

This annex
target comp
constant bit
conforming
the profiles

C.2 Deco

(ivefines transmission channel models assuming a fixed upper bit rate that is relatedt

ession ratio. Together with the decoder model of Annex B, it defines the pdcket-l
rate buffer model. It describes the conditions for a low latency interoperability o
Hecoder. These conditions are expressed by buffer model parameters thatar€ specifi
ind levels defined in Annex A.

der unit

In order to ((ir

by the enco
tdec,start(f):

tdec,start (

tdec,start (

D.,,€ N isthe delay of the decoding startrelative to the start of the transmission channel. ¢

is the clock
into the deg
codestream

Idec (tdec,s

The coded b

CyCle tdec Jread

code a codestream fragment = 1, the decoder unit reads all bits that have been gene|
er for this codestream fragment f. Processing of codestream’fragment fe N starts at|

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

i=1
L=t
tchannel,start + Dch f =1

f) z{tdeclswrt (f-1) +N,, (f) otherwise

channel ,sta|

cycle in which the transmission channel writes the first bit of the considered codest
oding smoothing buffer/ In order to process codestream fragment f, all coded b
fragment f'shall be.contained in the smoothing buffer:

art (£))2 S F)

= “bits

(£)eN . The latter is computed as follows:

o the
based
f any
ed by

rated
cycle

€.1)

L EZL

ream

its of

(C.2)

ts of each/codestream fragment fe N are removed from the decoder smoothing bufffer at

tdec,read (f) = tdec,start (f) + Ncg (f) -1

tdec,read (f) = tchannel,start + Dch +(

The number

Vec (t)

28

|

=4

S, (1)

-1
i=1

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

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

0 otherwise

(C.3)
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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
£=1 Reset the codestream fragment counter
while—End of streami Repeatuntit-the-end-of the-codestreamisreached
At this time, all bits required to decode codestream fragment f shall be
available in the decoding smoothing buffer
wafit(Neg(f) - 1) Wait for N,(f) - 1. clock cycles. N,(f) is the processing time of code-

stream fragment f.

bifs= readBits(Sp;(f))

Read S;;;(f) from the smoothing buffer and'remove them ffom smooth-

ing buffer

defode bits

Decode the bits in the codestream fragment f

wafit (1)

Wait another cycle to complete codestream fragment f

f=ff+1

Advance to the next codestream-fragment

C.3 |Encoder-decoder system model

The packet-based constant bit rate buffer modelis intended for applications where a

conngcted to a decoder by a transmission ch@nnel with a maximum upper bit rate R
applitations) or a constant bit rate R

n encoder is
(for VBR

lans

rans (FOI“CBR applications) that equals the target compression rate.

© ISO/IEC 2019 - All rights reserved
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Figure C.1 — System model (dashed elements are informative only)

Figure C.1 ilJustrates the corresponding bléck diagram. It extends the decoder model of Figure B.4 by
showing thelencoder feeding the transmission channel. Both the encoder and the decoder are asshmed
to be clocked by a common periodic signal with period T.

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

C.4 Transmission channel model

C.4.1 Tramsmission channel with maximum bityrate |

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

trans

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

NOTE1  This includes the blanking regions defined by N ;,, and N .
S, max X8
Rtrans = ;;max (C4)
ZleNCg (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

S¢ max €an be computed as:

such a case,

Wdec (T) < L(t - tchannel,start )X Rtrans J

The vjalue of ¢ ;1 s¢qre depends on the system configuration, and inparticular on the enc
» Lehannel stare ShOuld be determined by the encoder in such a wdy'that the decoder b

For ttansmission channels with constant bit rate, theAransmission channel model shall wr]

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

NOT This includes the blanking regions defingd by N;,, and N, ,.

The value of ¢ 41 s¢are Shall be setin such@way that the transmission channel (or any othg

is able to generate a continuous stream\efbits without any interruptions.

(C.5)

der. In a full
fer does not

ite R, €Q

trans

b1 bit source)

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

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

il N
K
=
QU
S

The value of ¢ ;101 &ope depends on the system configuration, and in particular on the enc

system, ¢ panner startShOUld be determined by the encoder.

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

Table C.2 — Transmission channel pseudo code

der. In a full

Operation Notes
=0 Remaining fractional 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

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 an

encoder generates only codestreams having the maximum size S, ..

both channel
models 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 ove

rflow.

C.5 Deco

The decoder
model type
follows:

*

l

dec,max —

where !

NOTE Th
independent

C.6 Buffe

The followinlg buffer model parameters are ‘specified for the profiles, levels or sublevels, referring

buffer mode

cbr

dec,max <

NOTE Th

AT,

max,lin

S

sho

*
— Idec,max
déc,max
Rtmns

der smoothing buffer

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

defined in Clause B.5, the size of the decoding smoothing buffer I, ., iS|comput]
5‘sbo +ymin I(;lejz max ’ trans XZ ><_XATmax lines Tbmd=1

i=1 Sx[ ] N

Lor max Tbmd =2

*
JX Rtrans “ < Idec,max

md = 1 essentially leads to a system where\the maximum transmission latency in li
f the image width Wyand the target compression rate R See Clause D.3.

trans*

r model instance

defined in Clause C.5:

base size of the‘decoder smoothing buffer in bits due to sublevel and profile, ng
including the:smoothing buffer offset defined in Table C.3.

N
e actual number of bits that can be stored in the decoder smoothing buffer is given by Formula

upper bound for the transmission latency in lines. Can be infinite.

offset to the buffer size computation.

uffer
ed as

(C.6)

hes is

o the

ot

(C.5).

The buffer model combined with those values is called a buffer model instance.

C.7 Buffer model instance parameters

Table C.3 specifies how to derive the buffer model instance parameters from the profile, level and
sublevel constraints for implementations conforming to the packet-based constant bit rate buffer model
defined in subclause C.4.2 and Clause C.5.
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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
ch,- Nsbu x Ssbu
dec,max (see subclause A.4.2)
ATmax,lines NSb“
(see Table A.1, Table A.2, Table A.3)
Sebo (see Table A.1, Table A.2, Table A.3)

C.8

C.8.1

A siy
[SO/I1

are v
to the

In ca

establlishes an upper bound on the number of bits Y,

For a
and fi

C.8.2

This
insta
writd

tchann

the fifrst codestream fragment.of codestream C(i) and F,,,(C(i)) to be the last codestream

C(). 1
numh

Then
to thi

<C

and

Buffer model conformance

Conformance of a single codestream

1gle codestream conforming to the buffer model instance shall also be confc
[EC 21122-1. Finally, there shall exist a value D_,;€ N such that Formulae (B.4) to (B

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

rming with
.6) and (C.2)

corresponds

t

+—0 Wy (©) written to the decoder smod

conforming codestream, there shall exist a function wy, () that is consistent with H
pr which Formulae (B.4) to (B.6) and (C.2) are trte.

Conformance of a sequence of codestreams

rlause defines the conformance of a_sequence C = [C(1),...,C(n)] of codestreams to a |
hce. For that, define the symbol t %4, ) stqre(i) as the clock cycle where the transmis
s the first bit of codestream C(i). Further, define the symbol D_,;(1) to be the dg
1 stare(1) and the start of decoding of codestream C(1). Moreover, define the symbol F;

pefine S ., (C(7)) to be the:maximum size in bytes of codestream C(i), and define N¢((
er of codestream fragments for codestream C(i).

for conformancé of C to a given buffer model instance, each codestream C(i) shall bg
s buffer model instance according to subclause C.8.1, and in addition, the following sh

(C(1+1)) = tgue read (Fage (€ (1)) +1

1<i<n; tdec,start (Ffirst

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

thing buffer.
ormula (C.4)

buffer model
sion channel
lay between
L.:(C(i)) to be
fragment of
(1)) to be the

conforming
all hold:

Semax (C(1))x8

=const =R

Y

trans

Ny (c(0)
fi1 NCg (f)

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

© ISO/IEC 2019 - All rights reserved
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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 Transmission channel deviations

Decoder im
behaviour aj
means shall
Clause C.4. T

blementations conforming to a buffer model instance assume a bit rate transm
defined in Clause C.4. In case the actual transmission channel violates these assump

hese means should be defined in application-specific specifications.

ssion
tions,

be provided to transform the actual transmission behaviour into one corsesponding to

34
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Annex D
(informative)

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

D.1

General

Annex B and Annex C define the requirements on conforming decoders and codéstreams such that

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

that

contgnt contained in the codestream.

Based on the clauses of Annex B and Annex C, it is possible to derive some fundamental |
confgrming codestreams and system implementations, consisting of @conforming encoder

This

D.2
The

being a sequence of codestream fragments. Each cadestream fragment fe N is written tq

smo

in co

Let S};;;(f) be the number of Coded bits for codestream fragment f. Then data generation of
moddl is described by the pseudo code in Table D.1:

kystem implementations with low end-to-end latency are possible indépendent ¢

ncludes in particular a latency bound of conforming encoder-decoder systems.

Encoder model

gncoder unit of the system model described in €lanise C.3 generates a sequence of

(]:hing buffer at cycle t,,. . (f)€ Ny. The latter depends on the number of coefficient

estream fragment i:

-1 f=1

f
Ehnc write (f):[;Ncg (i)]_lchg (f)+{tenc (f—l) otherwise

Table D.1 — Encoder pseudo code

they ensure
f the image

properties of
and decoder.

rodestreams
the encoder

proups N, (1)

(D.1)

the encoder

Operation Notes
f=1 Reset codestream fragment counter
whilg('end of stream) { Repeat until the stream is interrupted
waif(Ng(f) - 1) Wait N, (f) - 1 clock cycles
writeBits(bits, Sy;.(f)) Write Sy;.(f) bits to smoothing buffer
wait(1) Go to next cycle
f=f+1 Go to next fragment

}

D.3 Buffer relations

© ISO/IEC 2019 - All rights reserved
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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 ( enc write (f)) - L(t +1- tchannel,start )X Rtmns Jxé ( channel start )

NOTE1 Whent,,, ,i.(f) =0and¢
immediately starts at ¢ = 0.

channel,start = 0, the encoder produces data in the cycle ¢ = 0. and transmission

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

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

For a const3dnt bit rate transmission channel model of subclause C.4.2, the fill level of the defoder
smoothing buffer at the end of cycle ¢4, 4(1) + t is computed as:

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

zsblfs X§ t— tenc,write (f))

taec,stare(1) i the cycle where the decoder starts decoding.

From this, it|follows that

Ienc (t) + Iiec (tdec,start (1) + t)
= L(tdec,start (1) +i— tchannel,start + 1)X Rtrans J

- L(t +1- tchannel,start )X Rtrans ng (t - tchannel,start )

Fort=>t it follows that

channpl start’

Ienc (t)+ dec (tdec start (1)+t) :Isum +€1 (t)e N

| (t)| (D.3)
Isu tdec start ( ) trans =const
Rtrans € N :>€1 (t):()
This is equivalent to
Ienc (t>+ dec (":dec,start (1)+t) _{_"sum _i +Cz (t)c N
6,(t)e{0,-1} (D4)
Rtrans € N :>62 (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 ’

*

dec,max dec,max

tdec,start (1) = (DS)

= rans— | | tramns. 1

Giver] that the encoder model starts encoding at cycle t = 0, t 4, ,4¢(1) corresponds to the.cqding latency
in cog¢fficient groups of the system model depicted in Figure C.1. In case the horizontal'blanking period

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

ec,start (1)XNg _ Ng X\‘l;ec,max J
N1 N1
i) MR

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

~

trans

=

~
Q

*
°c,max - trans XZ S X X ATmax ImesJ .

11X g

From| this, it follows that

N 1 W
Rr ns X ) ><ATmax ines
Hec , start (1)XNg _ Ng % \‘ N Zl 'S [] N ' =AT

N, 1 N, 1 R max lines
If le':l SX [l] Wf xzi:l SX [l] trans

Ther¢fore, buffer model type Thmd = 1 leads to a system where the end-to-end transmissipn latency in

lines is approximately bounded by the parameter AT, jizes-

A

=

NOTH2Z WhenN

cghz 0) the latency in lines becomes slightly smaller.

NOTH3  The factthat S, > 0 causes the latency bound to become slightly larger.

D.4 |Minimum decoder delay D ,,

In orflerto avoid a buffer underflow in the decoder, according to Formulae (B.4), (B.5) gnd (C.2) the
following 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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