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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
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Information technology — JPEG XS low-latency lightweight
image coding system —

Part 1:
Corecoding system
1 Scppe

This ddcument specifies the syntax and an accompanying decompression process that is€apable to represent
continjous-tone grey-scale, or continuous-tone colour digital images without visual loss at m¢derate
compreéssion rates. Typical compression rates are between 2:1 and 18:1 but can alse be higher degending
on the [nature of the image. In particular, the syntax and the decoding process'specified in this dogument
allow lightweight encoder and decoder implementations that limit the end-tosend latency to a fraction of the
frame §ize. However, the definition of transmission channel buffer models.hecessary to ensure such |atency
is beyojnd the scope of this document.

This dqcument:
— specifies decoding processes for converting compressed infagé data to reconstructed image datg;
— specifies a codestream syntax containing information fo¥'interpreting the compressed image data;

— provides guidance on encoding processes for converting source image data to compressed imagg data.

2 Ngrmative references

There are no normative references in this document.

3 Terms and definitions, abbreviated terms and symbols

3.1 Terms and definitions
For the purposes of this-doeument, the following terms and definitions apply.
[SO andl [EC maintain terminology databases for use in standardization at the following addresses:

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

— |E( Electfopedia: available at https://www.electropedia.org/

3.1.1
band

input data to a specific wavelet filter type (3.1.54) that contributes to the generation of one of the components
(3.1.14) of the image

3.1.2

band type

single number collapsing the information on the component, and horizontal and vertical wavelet filter types
that are applied in the filter cascade reconstructing spatial image samples from inversely quantized wavelet
coefficients

© ISO/IEC 2024 - All rights reserved
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3.1.3

bit

binary choice encoded as either 0 or 1
3.14

bitplane
array of bits having all the same significance

3.1.5
bitplane count

number of significant bitplanes of a code group, counting from the LSB up to the most significant, non-empty
bitpla

3.1.6
bitplane count subpacket
subset|of a packet which decodes to the bitplane counts of all code groups within a packet, followed by
paddinlg and optional filler bytes

Note 1 fo entry: See subclause C.5.3.

3.1.7
byte
group o¢f 8 bits

3.1.8
colour|filter array
CFA
rectangular array of sensor elements yielding a 1-component image where the colour to which a|sensor
element is sensitive to depends on the position of the sensor-élement

3.19
codestream
compré¢ssed image data representation that includes all necessary data to allow a (full or approximate)
reconstruction of the sample values of a digital image

3.1.10
code group
group ¢f quantization indices in sign-magnitude representation before inverse quantization

3.1.11
coeffidient
input vilue to the inverse wavelet transformation resulting from inverse quantization

3.1.12
coeffidient group
numbef of horizontdlly adjacent wavelet coefficients from the same band

3.1.13
column
set of viertically aligned precincts

3.1.14

component

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

3.1.15
compression
process of reducing the number of bits used to represent source image data

© ISO/IEC 2024 - All rights reserved
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continuous-tone image
image whose components have more than one bit per sample

3.1.17

data subpacket
subset of a packet which consists of the quantization index magnitudes, followed by padding and optional
filler bytes

Note 1 to entry: See subclause C.5.4.

3.1.18

deadz¢ne quantizer

quanti

3.1.19
decodg
embod

3.1.20
decodi
proces

3.1.21

rer whose zero bucket has a size different from all other buckets

3y
ment of a decoding process

ng process
5 which takes as its input a codestream and outputs a continuous-tone'intage

decomiposition level

numbe|

3.1.22
encodg
embod

3.1.23
encodi
proces

3.1.24
filler b
integer

3.1.25
intrac
coding

 of times a wavelet filter is applied to reconstruct image data from wavelet coefficients

3y
ment of an encoding process

ng process
5 which outputs compressed image data inthe form of a codestream

ytes
number of bytes a decoder will skip over on decoding without interpreting the values of the byt

oding
process which decodes data independent from data decoded in a previous frame

Note 1 fo entry: ISO/IEC 21122-1:2022 only defined intra coding tools.

3.1.26
invers
inversq

3.1.27

P quantization
procedure to quantization by which the decoder recovers a representation of the coefficients|

bs itself

invers

p reversible multiple component transformation

inverse RCT
inverse transform across multiple component sample values located at the same sample grid point that is
invertible without loss

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

3.1.28

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

© ISO/IEC 2024 - All rights reserved
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lossless
descriptive term for encoding and decoding processes and procedures in which the output of the decoding
procedure(s) is identical to the input to the encoding procedure(s)

3.1.30

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

3.1.31

lossy
descrif

3.1.32
packet

tive term for encoding and decoding processes which are not lossless

segmeit of the codestream containing entropy coded information on a single precinctine and a su

the bar

3.1.33
paddi

bits wi
carry 1

3.1.34

precinict

collect

3.1.35
precis
numbe

3.1.36
proced
setof s

3.1.37

ds within this precinct and line

g
hin the codestream whose only purpose is to align syntax elements, to byte boundaries a

o information

on of quantization indices of all bands contributing to a given spatial region of the image

on
I of bits allocated to a particular sample, coefficiént, or other binary numerical representation

jlure
Leps which accomplishes one of the tasks'which comprise an encoding or decoding process

quanti
metho

3.1.38

Zation
of reducing the precision of'the individual coefficients

quantization index
input tp the inverse quantization process which reconstructs the quantization index to a wavelet coe

3.1.39

quantization indexXmagnitude
absolute value @f'a‘quantization index

3.1.40
sampl

bset of

hd that

fficient

—_ 1 - 1: : 1 A | . -
one eleultllt HIUIC LWOSUIIICIIS IONAN ITITAd 5T dI' Tdy WILILCIT CUITIPTISES d COIIPUIICTIU

3.1.41

sample grid
common coordinate system for all samples of an image, the samples at the top left edge of the image have the
coordinates (0,0), the first coordinate increases towards the right, the second towards the bottom

© ISO/IEC 2024 - All rights reserved
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sign subpacket
subset of a packet that consists of the sign information of all non-zero quantization indices within a packet,
followed by padding and optional filler bytes

Note 1 to entry: See subclause C.5.5.

3.1.43

significance
attribute of code groups that applies if, depending on the Run Mode flag in the picture header, either at least
one of coefficients in the code group is non-zero, or the bitplane count prediction residual of the code group

is non-

ergo

3.1.44
signifi
group

subpad

3.1.45
signifi
subset

paddinlg and optional filler bytes

Note 1 1

3.1.46
slice
integr3

3.1.47
star-te
decorr
particy

Note 1 fo entry: see subclause F.5

3.1.48

subpag¢
substriicture of a packet containingiinformation of one or multiple bands of one line of a single precir

3.1.49
super
2x2 ar}
colour

3.1.50
tempo
TDC

coding

cance group

ket

cance subpacket
of a packet that identifies which significance groups within a packet dre-insignificant, follo

0 entry: see subclause C.5.2

1 number of precincts whose wavelet coefficients can be éntropy-decoded independently

trix
blation transformation that combines a spatial,.with an inter-component decorrelation transfor
larly tuned for CFA pattern compression

ket

pixel
angement of sensaor-elements in a CFA pattern array containing at least one sensor element fi
filter type

ral differential coding

process which decodes a differential signal relative to a sample decoded in a previous frame

3.1.51

bf a horizontally adjacent code groups sharing the same significance information in'the signifficance

wed by

mation

ict

Or each

truncation position
number of least significant bitplanes not included in the quantization index of a wavelet coefficient

3.1.52

uniform quantizer
quantizer whose buckets are all of equal size

3.1.53

upsampling

proced

ure by which the spatial resolution of a component is increased

© ISO/IEC 2024 - All rights reserved
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3.1.54

wavelet filter type

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

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

3.2 Abbreviated terms

JPEG XS informal name of this standard where XS stands for “extra speed”
LSB least significant bit
MSB most significant bit
3.3 Symbols
BJi] bit precision of component i
B wavelet filter type
band type

b,[B.i] band existence flag for filter type f§ in component i. 1if the filter exists, 0 otherwise.
b, [b] band existence flag for band type b. 1 if the filterexists, 0 otherwise.
B, nominal overall bit precision of the wavelet ¢oefficients
B, number of bits required to encode a bitplane count in raw

pih colour transformation type
c[p,A,b)] wavelet coefficient residual in précinct p, line A, band b and position x
c'[p,A,Bx] wavelet coefficient in precinct p, line A, band b and position x
C, width of precincts other than the rightmost precinct in sample grid positions
C; colour transformation CFA pattern type derived from the component registration
Ce colour transformation reflection and extension flags
C, width ofjprecincts in multiples of 8 LL subsampled band sample grid positions
D([p,b] bitplane count coding mode of band b in precinct p
Di[p,b] TDC mode of band b in precinct p
D.[p,s] raw coding mode override flag for packet s in precinct p
DCO DC offset
d,[B.1] horizontal decomposition level of wavelet filter type f§ of component i
dy[Bi] vertical decomposition level of wavelet filter type f§ of component i
o,[c] horizontal position of component c in a CFA super pixel
6yl vertical position of component c in a CFA super pixel

© ISO/IEC 2024 - All rights reserved
6


https://standardsiso.com/api/?name=e3d32478b4541adfc481020c7702190f

ISO/IEC 21122-1:2024(en)

exponent of the slope of the linear region of the extended non-linearity
colour transformation exponent of first chroma component

colour transformation exponent of second chroma component
contents of the frame buffer at precinct p, line A, band b and position x
sign packing flag

slice coding mode

Isl
I[p,A,b,
k[é,, 6y
Lylp,b]
Ly[p.b]
Lcod
Lene[p)S
Ldat[p'“
Ly,
Lprc[p]

LSgH [p"

1—

]

Lsig[p’s

]

number of fractional bits in the representation of wavelet coefficients

gain of band b

gain of band b under forced refresh

height of filter type 8 of component k in wavelet coefficients

height of the component i/ in sample points

height of the image in sampling grid points

height of a precinct in lines

height of a slice in precincts

slice TDC flag, set if wavelet coefficients withina slice may use TDC

line inclusion flag, set if line A of band b and’precinct p is included in packet s, reset oth
component within CFA super pixel at position 8,, §,

first line of band b in precinct p

last line + 1 of band b in precinct p

codestream length in bytes

size of the bitplane ¢ount subpacket of precinct p and packet s in bytes

size of the data)subpacket of precinct p and packet s in bytes

long header flag in in the picture header, set if long headers are enforced, reset otherw
length of the entropy coded data in precinct p

size of the sign subpacket of precinct p and packet s in bytes

size of the significance subpacket of precinct p and packet s in bytes

M[p,A,b,g]

bitplane count of precinct p, line A, band b and code group g

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

number of components in an image
number of code groups in precinct p and band b

number of bands per component

© ISO/IEC 2024 - All rights reserved
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number of coefficients in a code group

number of TDC selection groups per line in band b of precinct p
number of significance groups per line in band b of precinct p
number of precincts in slice t

number of bands in the wavelet decomposition of the image (wavelet filter types times com-
ponents)

Trrorrrrrorrrrer o

number of horizontal decomposition levels of component i

maximal number of vertical decomposition levels over all components
number of vertical decomposition levels of component i

number of precincts per sampling grid line

number of precincts per sampling grid column

number of packets in precinct p

unscaled output of the inverse wavelet transformatign at coordinates x and y of the compo-
nent ¢

output of the inverse multiple component transformation at position x,y for component c
priority of band b

priority of band b under forced refresh

level a particular codestream complies to

profile a particular codestréam complies to

progression order in which bands are transmitted in the codestream
quantization parameter of precinct p

quantization‘parameter to which precinct p will be quantized for storage in the frame|buffer
quantization parameter of the data stored in the frame buffer corresponding to precirct p

quantization adjustment for intra-coded coefficients that are intra-coded due to a rate-deci-
sion

quantization adjustment for intra-coded coefficients that are intra-coded due to refregh,
overriding any rate-based TDC decision

quantization type of the image
raw-mode selection per packet flag
run mode used for significance coding
refinement of precinct p

refinement parameter of the quantization to which precinct p will be quantized for storage
in the frame buffer

© ISO/IEC 2024 - All rights reserved
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refinement parameter of the quantization of the data stored in the frame buffer correspond-

ing to precinct p

reconstructed sample value at position x,y for component ¢

number of components for which wavelet decomposition is suppressed
intra refresh hash mask exponent of band b

size of a TDC selection group in code groups

sizaofa cignificanco arannin cado araune
SHA -SRI EGREe-SHoupH-coae-SHoUps

T2
T[p,b]
Teoplp) ]
T[Bxy
v[x,y]
v[p,A,blx]

—_

Wp[BA]

pr [p' 7]

wt

X

Wty

Xyl
Xcrg|c]

sampling factor of component i in horizontal direction

sampling factor of component i in vertical direction

sign of the wavelet coefficient in precinct p, line A, band b and position x:
first threshold of the extended non-linearity

second threshold of the extended non-linearity

truncation position of precinct p and band b

vertical truncation position predictor of precinct p and band b
temporary wavelet coefficient of filter type £ at lecation x,).

sample value at the sample grid position x,y

quantization index magnitude of the wavelet coefficient in precinct p, line A, band b an
tion x

width of filter type f of component k in wavelet coefficients
width of component i in saniples

width of the image in sampling grid points

width of the precinct p in sampling grid points

width of band b of precinct p in coefficients

waveletfilter type for horizontal filtering

wavelet filter type for vertical filtering

one-dimensional temporal array of wavelet coefficients

horizontal component registration of component c relative to the sample grid

d posi-

Yerg|c]
Ysi
Y[p,A,bk]
Yy,[b]
Z[pAbj]

vertical component registration of component c relative to the sample grid
slice index enumerating slices contiguously from top to bottom, starting at 0
TDC selection flag of precinct p, line A, band b and TDC selection group k
intra refresh position hash of band b

significance flag of precinct p, line A, band b and significance group j

© ISO/IEC 2024 - All rights reserved
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4 Conventions

4.1 Conformance language

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

4.2 Operators

NOTE Manv ofthe opneratorsusedin document are similarto those usedinthe C programminglanguage
4 I I [=] (=] (=] (=]

4.2.1 | Arithmetic operators

& bitwise AND operation
+ addition

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

X multiplication

/ division without truncation or rounding

<< left shift: x<<s is defined as xx25

>> right shift: x>>s is defined as [x/25]

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

4.2.2 | Logical operators

[l logical OR
&& logical AND

! logical NOT

4.2.3 | Relational operators

> greater than

> greatefthan or equal to
< less.than

< less than or equal to

== equal to

1= not equal to

4.2.4 Precedence order of operators

NOTE Operators are listed below in descending order of precedence. If several operators appear in the same line,
they have equal precedence. When several operators of equal precedence appear at the same level in an expression,
evaluation proceeds according to the associativity of the operator either from right to left or from left to right.

© ISO/IEC 2024 - All rights reserved
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Operators Type of operation Associativity
0 expression left to right

(] indexing of arrays left to right

- unary negation

X, multiplication, division left to right
umod modulo (remainder) left to right

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

R bitwise AND left to right

4.2.5 | Mathematical functions

[x] ceil of x: returns the smallest integer that is greater than or equal to x
| x] floor of x: returns the largest integer that is less than or equallto x

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

log,(x) logarithm to the basis of 2, e.g. log,(1)=0 and log, (2)=1

sign(x) sign of x, 0 if x is 0, +1 if x is positive, -1 if x isnegative

Ix square root of x, i.e. non-negative numbefy Such that yxy=x
clamp(k,min,max) clamp x to the range [min,max]

clamp(x,min,max) equals min if x:¥'tnin, max if x > max or otherwise x

max;(x}) maximum of a sequence of numbers {x;} enumerated by the index i
max(a,p) a if a>b, otherwise b
min;(x; minimum of a sequence of numbers {x;} enumerated by the index i
min(a,b) a if a<b, otherwise b

5 Functional concepts

5.1 Sample grid, sampling and components

An imdge is defined‘as a rectangular array of scalar or vectorial samples regularly aligned along a sample
grid of|W; sampleé,positions horizontally and H; sample positions vertically. W; is called the width and H; is
called the hefght of the image. The vector dimension of the image samples corresponds to the number of
colour comp6nents present and is indicated by N, the number of components of the image. Each dinjension
of this [vectorial data corresponds to one component of the image, and typically represents one of multiple
colour channels of the data. Components may be red, green and blue, or Luma (Y) and Chroma (Cb,Cr). These
are only non-exhaustive examples of components, and other uses are possible.

A given component may or may not populate every point on the sample grid. The distance, or sampling factor,
between sample points of a component shall be constant in each spatial dimension throughout the image.
The horizontal and vertical sampling factors of component i of an image are denoted by s,[i] respectively

syli] where i enumerates the components. Annex B provides further specifications on component sampling.

This document does not specify how to interpret the sample values, or how to reconstruct from subsampled
components an array of samples that populates the entire sample grid, i.e. it does not specify how to
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upsample components to the full resolution of the sampling grid. The sampling grid provides only an abstract
coordinate system for the computation of positions and dimensions of codestream elements.

5.2 Interpretation of CFA data

This document defines coding tools and signalling for compression of Bayer-type CFA image data. According
to this specification, each sampling grid point represents a super pixel of four sensor elements containing
at least one sample of each component. Thus CFA data is interpreted as an image having four components,
where each sampling grid point describes four spatially disjoint sensor elements (one element per channel).
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Squdres represent individual sensor elements and circles represent sampling grid points. Groups of four senspr
elements overlapping with the same sampling grid point fofnr'one super pixel.

Figure 1 — Example of the interpretation of a GRBG Bayer-type CFA image

Moreover, regardless of the CFA sensor spatial subpixel arrangement, the Star-Tetrix colour transform of
this dopument defines a strict order onthe‘components assigning the red channel to component 0, the green
channgls to components 1 and 2, and the blue channel to component 3. The spatial subpixel arrangement is
signallgd by the CRG marker. Figure I shows only one of the four potential subpixel arrangements of 4 Bayer-
type CIFA.

5.3 Wavelet decompasition

This ddcument providesdn efficient representation of image signals through the mathematical tool of yavelet
analysis. The wavélet filter process specified in Annex E separates each component into multiple| bands,
where pach band-¢onsists of multiple coefficients describing the image signal of a given component within a
frequency domain specific to the wavelet filter type, i.e. the particular filter corresponding to the band.

t coefficients are grouped into precincts, where each prec

inct includes all coefficients over al

Precincts are furthermore grouped into slices. Wavelet coefficients in precincts that are part of different
slices can be decoded independently from each other. Note, however, that the wavelet transformation runs
across slice boundaries. A slice always extends over the full width of the image, but may only cover parts of
its height. Bands, band types, precincts and slices are formally defined in Annex B.
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5.4 Codestream

The codestream is a linear stream of bits from the first bit to the last bit. For convenience, it can be divided
into (8-bit) bytes, starting with the first bit of the codestream. Bits within bytes are enumerated from the
LSB to the MSB, with the least significant bit having the index zero.

Annex A specifies the codestream syntax that defines the coded representation of compressed image data
for exchange between application environments. Any compressed image data shall comply with the syntax
and code assignments appropriate for the decoding processes defined in this document.

The codestream con51sts of multiple syntax elements: marker segments define control 1nformat10n necessary
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Figure 2 — Decader overview

k 1, described in Annex A, the decoder analyses the codestream syntax and retrieves informaltion on
but of the sampling grid, and the dimensions of slices and precincts.

bpackets of the entropy coded data‘segment of the codestream are then decoded by the prodedures

In bloc

are decoded from the data Subpacke as specified in subclause C.5.4.

in Annex C to form significance information, sign information, bitplane count information, quanfization

and optionally TDC selection.flags. This operation is performed in blocks 2.1 to 2.5 in Figure 2.

2.1, significance informatien is decoded from the significance subpacket as specified in subclaude C.5.2.
d by the array Z[p,A,b,j]; significance information indicates the presence of significant code [groups
the jth significance_group. Each significance group corresponds to a run of code groups ind¢xed by
t p, line A and band-b. A code group is significant if, depending on the Run Mode flag Rm in the picture

2.2, bitplane counts are decoded from the bitplane count subpacket as specified in subclause (.5.3 by
cedures:specified in subclause E.6 The integer array M[p,A,b,g] indicates the bitplane count$ of the

L 0 nti ion index magnitude nAb in precin D sition x

In block 2.4, the signs of the quantization indices s[p,A,b,x] are either interleaved in the data subpacket, or
included in a separate sign subpacket as specified in subclause C.5.5.

In block 2.5, the TDC selection flags Y[p,A,b,k] are decoded from the TDC subpacket as specified in
subclause C.5.6. This subpacket only exists for slices that enable TDC, see subclause A.4.15. Otherwise, the

TDC selection flags shall be inferred to be 0, indicating intra-coding.

In block 3, decoded quantization index magnitudes v[p,A,b,x] and signs s[p,A,b,x] are then inversely quantized
by the dequantizer specified in Annex D, giving wavelet coefficient residuals c[p,A,b,x].
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In block 7, wavelet coefficient residuals c[p,A,b,x] are optionally inversely temporally predicted by means of
the frame buffer f[p,A,b,x] and TDC selection flags Y[p,A,b,k] if they are present. The result of this operation
are the wavelet coefficients c’[p,A,b,x]. If the wavelet coefficient residuals are part of a precinct, band and
line that does not use TDC, then c¢’[p,A,b,x] shall be identical to c[p,A,b,x]. Inverse temporal decorrelation is
specified in Annex H.

In block 4, wavelet coefficients c’[p,A,b,x] are inversely wavelet transformed by the procedure specified in
Annex E. This process generates spatial sample values for all components, denoted by O[x,y,c]. Coordinates x

andya

re here subsampled sampling grid positions of component c.

In block 5, spatial sample values O[x,y,c] undergo optionally an inverse multiple component transformation,

tion is
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o r L= r r

bd in Annex F.

k 6, a DC offset is added to the decorrelated sample values Q[x,y,c], an optiofal~noy
rmation is applied, they are scaled to their nominal range and then clamped to the range of
bn of the output, giving the final reconstructed output sample values R[x,y,c] populating the
sitions xxs,[c], yxsy[c]. This procedure is specified in Annex G.
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Annex A
(normative)

Codestream syntax

A.1 General

A.1.1 |Marker segments and entropy coded data

The cqmpressed data format consists of an ordered collection of syntax elements. ;This do
distinguishes between three types of syntax elements: Marker, marker segments and entfopy codg

Marke

s serve to identify the various structural parts of the codestream. Most markers start

segments, where marker segments signal the characteristics of the encoded Aimage and enca

param
the ded

A1.2

JPEG X
variabl
codest
Fixed-1
of bits
norma
codest
indicat
multip
the pos
value.
interpy
syntax

Syntax
syntax
clause

The se
tables.

pters configuring the decoder. Some markers stand alone. Entropy coded data‘consists of the i
oding procedure described in Annex C to Annex H which reconstructs this-data to the output

Key to syntax information

fument
d data.
marker
psulate
nput to
mage.

used to represent the value. Variable-length codes are denoted by vic, see subclause C.7
ive decoding procedure of variable length codes, Bit strings and variable-length codes appea
‘eam with the left bit first; numerical values appear most-significant bit first. The notation
es a variable number padding bits. Padding alighs the bitstream to an n-bit boundary, i.e. to an
e of n bits relative to the start of the bitstteam. Thus, pad (n) expands to 0 to n-1 bits depen
ition within the bitstream. While padding bits can have arbitrary values, a decoder shall igno
[he notation £il1 () indicates an arbitfary number of filler bytes a decoder shall remove Y
eting their value. The amount of fillér bytes can be inferred from a length field of a corresp
element.

elements may be conditjienally included in the codestream; this is indicated by if clauseq
column of the syntax tables. All syntactical elements enclosed in curly brackets following
hre only included if the eXpression following the if clause is non-zero.

uence of multipléssimilar elements is indicated by for clauses in the Syntax column of the
The elements toyrepeat are enclosed in curly braces. The loop itself is specified through three

S codestream syntax elements belong to one of two categonies: fixed-length numerical values, or
p-length codes. In the syntax tables, the “Syntax” columii{indicates the category to whidh each
‘eam syntax element belongs, in the “Size” column the size’of each field is identified (if applicable).
ength numerical values and are unsigned integers and\are denoted by u (n), where n is the number

for the
r in the
pad(n)
integer
ling on
re their
vithout
onding

in the
the if

syntax
syntax

elemenlts: an initializer setting a dummy count variable indicating the current iteration position of the loop,

a cond

variable for thexnext loop. The three expressions are separated by semicola.

NOTE

tion on the'count variable for continuing the loop, and an iteration statement that updates th

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

prograr

e count

bf the C

ming language
& SUag

A.2 Codestream syntax general provisions

AJPEG XS codestream describes an image consisting of 1 to 8 components aligned along a regular rectangular
sampling grid. Each component is a rectangular arrangement of integer sample values on the sampling grid
of the image. The samples of a component need not populate every possible position on the sampling grid,
see subclause B.1. The horizontal and vertical spacing between populated sample positions of a component
relative to the sampling grid are denoted the horizontal and vertical sampling factors of the component
and are indicated by the symbols s,[i] and s,[i]. Subsampling factors may be either 1 or 2. The codestream
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reconstruction process described by this document assigns to each sample of each image component an
integer precision between 8 and 16 bits.

The dimensions of the image, along with the number of components, the sampling factors and the precision
of the components are encoded in a syntax element denoted as Picture Header. The samples in the image are
reconstructed by an inverse wavelet transformation and potentially from an inverse temporal prediction.
This reconstruction uses entropy coded wavelet coefficients and/or wavelet coefficient residuals arranged
in multiple wavelet bands, see Annex B for details, and potentially the contents of a frame buffer, see
Annex H. The wavelet reconstruction algorithm is specified in Annex E.

Wavelet coefficients are grouped into precincts. A precinct includes entropy coded data decoding to a
rectan ’n]ar array of wavelet coefficients pnr bhandssuch that the included wavelet coefficients Pr\nfr'bute to
a given| spatial region of the image. A precinct is represented in the codestream by a precinct headeryentropy
coded data followed by filler bytes.

The enfropy coded data is organized in multiple packets, where each packet s contributes to.one ling A and
one or multiple bands b of a precinct p. Each packet consists of multiple subpackets where each sulppacket
contriutes to one aspect of the data, such as significance, bitplane counts, magnitude and signs. Filler bytes
and pafding does not have any impact on the decoded image. The purpose of thefiller bytes is to prevent
buffer inderflow of a potential transmission buffer, the purpose of padding is t¢ align the syntax elements
in the bitstream to byte boundaries. Decoders learn the number of filler bytes{following the precingt from
the precinct header specified in subclause C.2, and the number of filler bytes in the subpackets from the
subpadket header in specified in subclause C.3. Decoders shall ignore the %alue of the filler bytes.

NOTE 1] Filler bytes are in no relation to the output of the pad () function defined in subclause A.1.2 whose purpose
is to engure alignment of the codestream to byte boundaries only.

NOTE 2| Buffer models, profiles and levels are specified in ISQ/IEC 21122-2 and are beyond the scop¢ of this
documgnt.

Precingts are grouped into slices. Each slice consists of afiNintegral number of precincts, and extends gver the
full widith of the image. Even though the wavelet coefficients/wavelet coefficient residuals within eath slice
can be|decoded independently, the wavelet transfépmation runs across slices. A slice is represented in the
codestream by a slice header and one or multiple precincts following the slice header.

Figure|2 gives an overview of the hierarchy.ef JPEG XS codestream syntax structures, Table A.1 defipes the
overalllcodestream syntax. While Table- At Tists the syntax elements of JPEG XS, it does not attempt td define
a partifular order of the markers in a JPEG XS codestream, and the order presented in this table is rather an
illustrdtion of one possible syntactically correct order. Requirements on the placement of a specific marker
are noiimatively defined in the sibclause of Annex A defining the marker.

Table A.1 — JPEG XS codestream syntax overview

Syntax Notes Defined ip
Pictuyge () {
Identifies this codestream as JPEG XS code- Table A.3
SOC njarker ()
- stream
Identifies the capabilities a decoder needs to Table A.4

Riditd k
capaffigifies marker() support to be able to decode the codestream

. Defines the overall structure of the code- Table A.7
picture header ()
- stream
Defines the precision and sampling factors of Table A.15

component table . .
P - 0 all components in the image

Defines weight and gain factors that steer the Table A.25

weights table .
gnts_ 0 decoding process.

Defines weights and gain factors for forcibly Table A.26

refresh welghts table() refreshed bands in TDC-enabled slices

Optional definition of non-linearities for com- Table A.16

nonlinearity marker () .
- ponent reconstruction
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Table A.1 (continued)
Syntax Notes Defined in
Optionally disable wavelet decomposition on Table A.18

cwd marker ()
- some components

Colour transformation specification for the Table A.19

cts _marker . >
- v star-tetrix transformation

Optional component registration, mandatory if Table A.21
crg marker () . . .
- the star-tetrix transformation is used
Optional indication of TDC modes and refresh Table A.22
tpc marker ()
B groups.
exterfsion_marker () Optional extension of the codestream syntax Table A.2B

Loop over all slices until all wavelet coeffi-
for (t40,p=0; !endofimage; t=t+1) { cients of the image have been decoded, where t
is the slice index and p the precinct index

Identifies the ordering of slices and identifies
the TDC mode of the slice. The slice header
shall be either an SLH or SLI header, depending
on the profile of the codestream.

slide header ()
Table A.27, Table A.28

or
tdc [slice header ()

Loops over all precincts in a slice, where\t'is
for (ug0;u<N,[t];p=p+l,u=u+l) the slice index, p is the precinct index.and u
enumerates precincts within a slice

Determine the packets that aré part of this

computfle packet inclusion (p) precinct, Table B.4
prdcinct header (p) Defines pr(?diction modes dnd the quantization Table C.1
of the precinct
foy (s=0;s<Ny.[p];s=s+l) { Loop over all packets of this precinct
pdcket header (p,s) Defines flags ahd sizes of the packet Table C.4
pgcket body (p,s) Contains the'entropy coded data of this packet Table C.§
} End of laop over subpackets
Possible byte-aligned filler bytes at the end
ofithe precinct to reach the target bitrate. A
£111 () decoder shall ignore this data. Subclause C.2 Subclause €.2
specifies how to determine the number of filler
bytes.
} End of loop over precincts within a slice
} End of loop over slices
EOC narker () Identifies the end of the JPEG XS codestream Table A.4

}

NOTE 3|  The numbeér of packets N, [p] depends on the precinct index p and is computed by the compute gacket_
inclusfion (p) fdnction specified in Table B.4; in particular, the last precinct of the image will, by this prdqcedure,
include|less bands than all other precincts if the image height is not divisible by the precinct height.

A.3 Markers-andinarker-segments

Markers serve the purpose to identify the various structural parts of the codestream format. Markers
may either stand alone, or may start marker segments containing a related group of parameters. A marker
segment consists of a marker, followed by a two-byte length field, followed by the parameters in the marker
segment, denoted as payload data in the following. The two-byte length field identifies the length of the
marker segment, which consists of the length of the payload data in bytes, and the size of the length field
itself (two bytes). The length field does not include the size of the marker. Parameters are encoded with the
most significant byte first, a convention often denoted as big endian.

All markers are assigned two-byte codes: a 0xff byte followed by a byte that is not equal to 0x00 or 0xff.
Table A.2 lists all markers used by this document, and, in combination with referenced tables from Table A.1,
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specifies whether they stand alone or introduce a marker segment. The semantics of each marker and
associated marker segment are further specified in subclause A.4.

Some marker segments are currently reserved for future ISO/IEC use. Marker segments can be mandatory,
optional, or mandatory only if indicated by a capability signalled in the capability marker segment. Optional
marker segments may be ignored by decoder implementations by skipping over the marker segment by
using its length field. The capability marker may indicate the marker segments required to correctly decode
a given codestream. If a decoder encounters a capability it does not implement, it should abort decoding.

If the length field of a marker segment does not match the specified value or is not in the specified range, the
codestream is ill-formed. For that, decoders should check whether the marker length field has its specified

Va]ue’ orisyzithin the rangn cpnrifinﬂ inthis document

NOTE 1] It is possible that future editions of this document will include additional fields in the margker,s¢gments
and heijce require an increase in the size the marker segments. Such additional fields can be necessary to|decode
the codpstream. The above ensures that decoders fail properly when attempting to decode an extended cod¢stream
syntax that they do not support.
NOTE 2| Other International Standards implement bit-stuffing or byte-stuffing procedures.to ensure that markers
can be identified uniquely without decoding or interpreting entropy coded data segments. This is not the case|for this
documgdnt. If a decoder loses synchronization with the codestream, lower-level transport mechanisms are required
to regain synchronization as it is not possible to search the codestream for markers;bit patterns within the pntropy
coded data segment can replicate the byte sequences used to identify marker segnients.
Table A.2 — JPEG XS codestream markers
Cogle assignment Symbol Description Mandatory/Optional Reference

Ox££f1( s0C Start of codestream |Mandatory A4.1
Oxffl] EOC End of codestream Mandatory A4.2
Oxffl3 PIH Picture header Mandatory A44
Oxffl3 CDT Component table Mandatory A.4.5
Oxffl4 WGT Weights table Mandatory A.4.12
Oxffl13 CcoM Extension@arker Optional A.4.10
Oxfflg NLT Nonlinearity marker |Optional A4.6
Oxffl) CwD Component-depend- |Optional A4.7

ent'wavelet decompo-

sition marker
Oxfflg CTS Colour transforma- | Mandatory if C,;,=3, shall |A.4.8

tion specification not be present otherwise.

marker
Oxffl19 CRG Component registra- |Optional, mandatory if A.49

tion marker Cpin=3
Oxfflg TPC Temporal prediction |Optional A.4.10

control marker
Oxffly WGR Refresh Weights table | Optional A.4.13
Oxf££2( SLH Slice header Depending on profile, see [A.4.14

ISQ/IEC 21122-2

Oxff21 SLI TDC enabling slice Depending on profile, see |A.4.15

header ISO/IEC 21122-2
0xf£50 CAP Capabilities Marker |Mandatory A4.3
All other values Optional Reserved for future ISO/

IEC purposes
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A.4 Syntax description of marker segments

A.4.1 Start of codestream
Function: [dentifies the codestream as containing an image represented in accordance with this document.

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

Table A.3 — Start of codestream marker syntax

dynidx Notes dlze valugs

start |of codestream() {

soc u(16) 0xff10

}

A.4.2 |End of codestream
Functipn: Identifies the end of a JPEG XS codestream.

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

Table A.4 — End of codestream marker syntax

Syntax Notes Size Valuefs

end off codestream() {

EOC u(16) 0xff11

}

A.4.3 |Capabilities marker
Functipn: [dentifies capabilities required toldecode a JPEG XS codestream.

Usage: Shall be the second marker segment in a codestream. There shall be exactly one CAP marker which
shall b¢ placed behind the SOC marker.

NOTE 1 The above implies thatthe/CAP marker is always present, even when the cap[] array is empty.

Table A.5 specifies the assignment of capabilities to bits, Table A.6 the syntax of the CAP marker segment.
Furthermore, Lcap shallbe selected such that for Lcap>2, cap[(Lcap-2) x8-8] to cap[(Lcap-2) x8-1] are not all 0.

NOTE 2|  This condition on the cap array can always be arranged by selecting a smaller Lcap.

NOTE 3| Bit 0.6f the capability marker is intentially unused.
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Table A.5 — Capability bit assignment

Bit number i in cap[] array Bit value Meaning
1 0 Support for Star-Tetrix transform not
required, and support for CTS marker
not required
1 1 Support for Star-Tetrix transform and
CTS marker required
2 0 Support for quadratic non-linear trans-
form not required
2 1 Support for qnadm‘rir non-linear trans-
form required
3 0 Support for extended non-liftear tfans-
form not required
3 1 Support for extendednen-linear tfans-
form required
4 0 sy[i]=1 for all components i
4 1 componentiwith s, [i]>1 present
5 0 Supportfot,component-dependenf wave-
let decomposition not required
5 1 Support for component-dependent wave-
let.decomposition required
6 0 Support for lossless decoding not fe-
quired
1 Support for lossless decoding reqiiired
0 Support for packet-based raw-mofle
switch not required
8 1 Support for packet-based raw-mofle
switch required
9 0 Support for TDC not required
9 1 Support for TDC required, a framg buffer
is required
All other bits 0 Reserved for ISO/IEC purposes
Table A.6 — Capabilities marker syntax
Syntax Notes Size Valules
capabillities marker () \]
CAP u(16) 0xff50
Lcap Size of the capabilities marker in bytes u(16) Variable
(not including the marker)
for (140; i< (Dcap-2) x8;i=1+1) { Loop over capabilities bits
cap [i] Requirement of capability i. cap[i] is 1 u(1)
if capability i is required for decoding a
codestream, and 0 otherwise.
} End of loop over capabilities bits
padding Pad to an integer number of bytes pad(8)
}

A.4.4 Picture header

Table A.7 defines the syntax of the picture header.
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Function: Provides information on the dimensions of the image, the precision of its component and the
configuration of the decoder.

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

Table A.7 — Picture header syntax

Syntax Notes Size Values
picture header() {
PIH u(16) 0xff12
. Size of the segment in bytes (not 26
Lpih including the marker) u(16)
Size of the entire codestream in 0 (232 _1)
bytes from SOC to EOC, including all
Leod markers, if constant bitrate coding |u(32)
is used. 0 if variable bitrate coding
is used.
Profile this codestream complies to.
Poih Decoders should abort decoding if u(16) 0 for no restrictions, see ISO/IEC 21|122-2
P they identify a profile they do not for profiles:
implement.
Level and sublevel to which this
Plev codestream complies. Decoders u(16) 0 for no restrictions, see ISO/IEC 21p22-2
should abort decoding if they identi- for additional levels.
fy alevel they do not support.
Width of the image in sample grid ) N, 16
W positions ufto) max, (s, [i])x2""* —(2'° -1)
Height of the image in sample grid . N, 16
He positions u(16) max; (sy [1])>< 2°by (2% -1)
Width of a precinct in multiples of 0 (216 ~1)
. N
8xmax; (s [i])x2"** ) 'sample such that either C,,=0 or
c, positions, other than-the rightmost |16 ; Ny,
precincts. If this fieldis 0, precincts (16) Wy umod(8xC,, xmax; (s [1])>2 )
are as wide as thedimage. See >max; (s [i])szL,x
subclause B.5\for details. X
Height of @ slice in precincts other  ol6
He1 than thelast slice u(16) 1— 1)
N, Number of components in the image |u(8) 1—8
N, Number of coefficients per code u(8) 4
group
s, Number of code groups per signifi- u(8) 8
cance group
B, Nominal bit precision of the wavelet u(8) 20,18 or B[0] 2
coefficients
F Number of fractional bits in the 7 55 K
9 wavelet coefficients u(%) oor
B, Numb(er of bits to encode a bitplane () 4orsa
count in raw
Fslc Slice coding mode u(1) See Table A.14
Ppoc Prog_resswn order of bands within u(3) See Table A.13
precincts
Comn colour transformaltlon to be used for () See Table A9
P inverse decorrelation .

2 See Table A.8 for valid combinations of B,,, B, and F; and further restrictions.
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Table A.7 (continued)

Syntax Notes Size Values
Number of horizontal wavelet trans- 1-8
NL x f 3 u(4]
’ ormations
Number of vertical wavelet transfor- max;(log,(s,[i]))-min(Ny ,,6)
N o mations of non-vertically subsam-  |u(4)
pled components
L, Long header enforcement flag u(1) Oor1l
R, Raw-mode selection per packet flag |u(1) Oorl
Qplh }llVCl ol Liualltibcl ty PC u(z) JCC la‘lJ}C A :‘LC
Fs Sign handling strategy u(2) See Table A.11
Rm Run mode u(2) See Table A.12
2 See|Table A.8 for valid combinations of B, B, and F, and further restrictions.
NOTE 1f  The condition on C,, ensures that all but the rightmost precincts have in the LL bandatleast 8 samples, and
that all pands of the rightmost precincts are non-empty.
NOTE 2|  Incase WfxN >16376 and N, , =0, or for components that do participate in thie'wavelet decomposition, it can
happen|that Lgg alp,s] = 2048 or Ldat[p,s > 32768. As such sizes cannot be expressed\by the short header, th¢ L, flag
allows fo enforce long headers. L, can safely remain 0 as long as at least one vertical decomposition is performled.
Table A.8 — Valid combinations of B, B,/B[i] and F,
B, Fq B, Additional constraints Notes
B[i]=B]0] for all i. This combination indicates Jossless
B[D] 0 4 B[0] < 12 coding for source data with bjt depth
<12.
BJ[i]=B][0] for all\: This combination indicates Jossless
B[D] 0 5 B[0] > 12 coding for source data with bjt depth
>12.
A NLT(marker segment shall be
18 6 4 present. Bit 2 or bit 3 of the CAP This combination is used i1} case a
matker segment shall be 1, see non-linearity is present.
subclause A.4.3
Bits 2 and 3 of the CAP marker seg-
2 8 A ment not present or shall be 0. Regular case.
Table A.9 — Colour transformation
Coin Meaning
0 No colour transform
1 Reversible colour transformation (see Annex F)
3 Star-Tetrix transform (see Annex F)
2,4-15 Reserved for ISO/IEC purposes
Table A.10 — Quantizer type
Qpin Meaning
0 Deadzone quantizer (see Annex D)
1 Uniform quantizer (see Annex D)
2-3 Reserved for ISO/IEC purposes
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Table A.11 — Sign handling strategy

Fs Meaning
Signs encoded jointly with the data
Signs encoded separately
2-3 Reserved for ISO/IEC purposes
Table A.12 — Run mode
Rm Meaning
Rumsdicate zero prediction restauats
Runs indicate zero coefficients
2-3 Reserved for ISO/IEC purposes
Table A.13 — Progression order
Ppoc Meaning
0 The progression order as defined by subclause B.7 (resolution-lirie-band-component]
1-7 Reserved for ISO/IEC purposes
Table A.14 — Slice coding mode
Fslc Meaning
0 The wavelet transformation runs across sliée’boundaries
1 Reserved for ISO/IEC purposes

A.4.5 |Component table

Table A.15 defines the syntax of the component tablé.

Functipn: This marker segment specifies the component precision and the sampling factors ¢f each
compopent in the image. The number of components itself is given by the N, parameter of the picture header.

Usage: There shall be exactly one component table in each JPEG XS codestream. It shall precede the first

slice hgqader.

Table A.15 — Component table syntax

Syntax Notes Size Valuess
comporfent table ()
CDT u(16) 0xff13
Lodt Size of the segment in bytes, not including u(16) 2XxN, +2
the marker
for (doordaN ;omctl) | Loop over components. The _number of com-
¢ ponents is specified in the picture header.
Blc] Bit precision of component ¢ u(8) 8-16
sylel Horizontal sampling factor of component ¢ |u(4) 1 or 2 for compo-
nents 1 and 2, 1 for
all other compo-
nents
s,lel Vertical sampling factor of component ¢ u(4) 1-s.[c]

End of loop over components
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A.4.6 Nonlinearity marker
Table A.16 defines the syntax of the nonlinearity marker segment.

Function: Defines an optional non-linear transform to be applied after inverse multiple component
transformation.

Usage: Zero or one nonlinearity marker segments may be present in a codestream. If present, any
nonlinearity marker segment shall precede the first slice header in the codestream and shall follow the
picture header. This marker shall not be present if F;=0, i.e. in the lossless mode.

Fable A-+6—Nonlinearity-markersegmentsyntax
Syntax Notes Size Values
nonlinearity marker () {
NLT u(16) 0xff16
Lnlt Size of the marker segment, not including the u(16) 5or12
marker
Tnlt Type of the non-linearity u(8) See Table A.17
if(Tnlt == 1) { Additional data for quadratic non-linearity
c Sign bit of the DC offset u(1) 0—1
« Remaining bits of the DC offset u(15) 0—215-1
DCOor—ox213 Compute the DCO offset from two’scomplement
representation.
}
1f(Tnlt == 2) { Additional data for extendednon-linearity
Tl Upper threshold for regien 1, in units of B, u(32) 1—2Bw-1
T2 Upper threshold forxegion 2, in units of B, u(32) 1—2Bw-1
E Exponent of the linear slope in region 2 u(8) 1—4
}
}

Table A.17 — Tnlt encoding

Tnlt Meaning
1 Quadraticnon-linearity
2 Extefided non-linearity
All other values Reserved for ISO/IEC use

A.4.7 |Component-dependent wavelet decomposition marker

Table A.18 defines the syntax of the component-dependent decomposition marker.

Functipn: Optionally suppresses the wavelet decomposition for one or more components. If this marker is
not present, the value of 5, shall be 0.

Usage: Zero or one component-dependent wavelet decomposition marker segments may be present in a
codestream. Shall only be present if N.>3. If present, shall precede the first slice header in the codestream
and shall follow the picture header.
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Table A.18 — Component-dependent wavelet decomposition marker segment syntax

let decomposition is suppressed.

Furthermore, S, shall be selected

Syntax Notes Size Values
cwd marker () {
CWD u(l6) |0xff17
Lewd Size of the marker segment, not including the {u(16) |3
marker
S4 Number of components for which the wave- 1—N_-1

u(8) such that all components that are
excluded-from-the-wavelettransfor-
mation have s,[c]=1 and s, [e]F1

}
A.4.8 | Colour transformation specification marker
Table A.19 defines the syntax of the colour transformation specification marker segment.
Functipn: Defines parameters of the Star-Tetrix transformation.
Usage:| Zero or one colour transformation specification markers shall be present in a codestream. Shall be
present if and only if C,;;,=3, i.e. if the Star-Tetrix transformation is in use.Shall precede the first slicelheader
in the dodestream and shall follow the picture header.
Table A.19 — Colour transformation specification marker segment syntax
Syntax Notes Size Values
cts m3 rker () {
cTS u(16) 0xff18
Lcty Size of the marker segment, notincluding the marker u(16) 4
Resgrved Reserved for ISO/IEC purposes u(4) 0
Ce Size and extent of the transformation u(4) See Table A.20
e Exponent of first chreima component u(4) 0.3
e, Exponent of second-chroma component u(4) 0.3
}

Table A.20 — C;encoding

Cs Meaning
0 Full transformation, access to the line below and above required
3 Restricted in-line transformation, no access to neighbouring lines

All other values

Reserved for ISO/IEC use

A.4.9 |Component registration marker

Table A.21 defines the syntax of the component registration marker segment.

Function: Defines the relative placement of the component to the sample grid. If not present, the components
are placed at the vertices of the sampling grid.

Usage: Zero or one component registration markers shall be present in a codestream. If C,;,=3, exactly
one CRG marker segment shall be present. If present, any CRG marker segment shall precede the first slice

header in the codestream and shall follow the picture header.
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Table A.21 — Component registration marker segment syntax

Syntax Notes Size

Values

crg marker () {

CRG

u(16)

0xff19

Lcrg

Size of the marker segment, not including the u(16)
marker

2+4xN,

for (c=0;c<N.;c=c+1l) { Loop over all components

Xcrglc] Relative horizontal placement of componentcto |u(16)

the sample grid points in units of 1/65536. 0 indi-

0—65535

CdicsS pldLClllUllL dl L}lU ilUl iLUIlLd‘l pUbiLiUll Uf Lhc
sample grid, a positive value a displacement to the
right of the sample grid position. A value of 32768
corresponds to a placement mid-way between the
sample grid point and the next sample grid point
to the right.

Ycrg[c] Relative vertical placement of component c to the |u(16)

sample grid points in units of 1/65536. 0 indicates
placement at the vertical position of the sample
grid, a positive value a displacement to the bot-
tom of the sample grid position. A value of 32768
corresponds to a placement mid-way betweenthe
sample grid point and the next sample grid.point
below.

0—65535

End of loop over all components

A.4.1( Temporal prediction control marker

Table A.22 defines the syntax of the temporal prediction control marker segment.

Functi
identif
inferre
shall b
tempo

header| see subclause C.2.

NOTE 1

Usage:

The value for Si is always equal to 8, even in the case that no TPC marker is present.

Zero or one tempotalprediction control markers shall be present in a codestream.

Table A.22 — Temporal prediction control marker segment syntax

pn: Defines which TDC selection groupsiare forcibly encoded without temporal predictipn and
es the quantization adjustment for FDC selection groups. If the TPC marker is not presdnt, the
d values of Qbi and Qbr shall be 0, the-inferred value of Si shall be 8, and the inferred values ¢f Sh[b]
p —00, indicating that no positionsmatches the hash position. That is, if this marker is not pres¢nt, the
al prediction of TDC selection greups only depends on the TDC mode selection D;[p,b] in the precinct

Syntax Notes Size Valués
tpc midrkerd)\
TPC u(lo) Oxffla
Ltpc Stzeof threTmrarker segnrent, ot inctud=—ot 67 EaEas i
ing the marker
S Size of a TDC selection group in code  |u(8) 8
groups
Obi Sign bit of Qy; u(l) 0—1
Ops Remaining bits of Q; u(3) 0—7
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Table A.22 (continued)

Syntax

Notes

Size

Values

— 3
Q3 =0t =0y X2

Compute the quantization adjustment
of wavelet coefficient residuals that
are intra coded due to TDC selection
flags Y[p,A,b,k] and D;[p,b] TDC mode
selection

Cbr

Sign bit of Q. u(l)

0—1

Opr

Remaining bits of Q. u(3)

0—7

— _ 3
Qpy =0t —0p, X2

Compute the quantization adjustment

of wavelet coefficient residuals that are
intra coded due to positional match,
see subclause H.7 for the condition and
details.

for (=0;b<N;;b=b+1)

{

Loop over all bands

Yy [H]

Positional hash value of the intra-re- u(8)
fresh of band b

0—255

Sp[H]

Hash mask exponent for intra-refresh |u(8)
of band b

}

}

NOTE 2[ The hash value Y, [b] and the hash mask exponent S, [b] are-used to identify coefficient positions fhat are
forcefully coded without prediction from the frame buffer, see AnnexH:3/for details.

A.4.11 Extension marker

Table A.23 defines the syntax of the extension marker segment.

Functipn: Extends the codestream by generic or véndor-specific metadata.

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

Table A.23 — Extension marker segment syntax

Syntax Notes Size Values
extendion marker () {
CoM u(16) 0xff15
Lcom Size of the marker segment, not including the mark- |u(16) Variable, atfleast 4
er
Tcom Type of the extension u(16) See Table A|24
Dcom User-defined data Variable |Variable
padding Padding to an integer number of bytes pad(8) 0
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Table A.24 — Tcom encoding

Tcom Meaning

0x0000 Vendor of the encoder, Dcom is a zero-terminated, ISO 10646 encoded string identifying the
vendor of the encoder

0x0001 Copyright statement that the codestream creator want to convey to users of the codestream.
The interpretation of this statement is beyond the scope of this document. Dcom is a zero-ter-
minated, ISO/IEC 10646 encoded string identifying this statement.

0x8000-0xffff Vendor-specific information. Tcom identifies the type of extension and the vendor.

All other values Reserved for ISO/IEC use

A.4.12 Weights table

Table A.25 defines the syntax of the weights table.

Functi
precin
detern

pn: This marker segment contains parameters required to set the gain of each bhand relative
t quantization. Together with the parameters in the precinct header, see subclase C.2, this al

are spdcified in subclause C.6.2. The number of wavelet bands and the relation(between band, com
and wgvelet filter type are specified in Annex B.

Usage:

There shall be exactly one weights table in each JPEG XS codestream.This marker shall appeaf

the firdt slice header in the codestream and shall follow the picture header:

Table A.25 — Weights tablesSyntax

to the

lows to
ine the quantization of the wavelet coefficients in this band. Details on howrto use these parameters
ponent

before

Syntax Notes Size Value|
weighfls table() {
WGT u(16) 0xff14
Lwgt f}ilzee n(:af1 ;E:rsegment in bytes, not including u(16) Variable
for (g=0;b < N;; b = b+l) { Loop over all bands.
if (" . [b]) A Checkwhether band b exists
G[Y] Gainrof band b u(8) 0—15
P[B] Priority of band b u(8) 0—255
} End of test whether b exists.
} End of loop over bands
}
NOTE Example weights tables for various configurations are given in Annex I. These configurations hayve been

optimized for PSNR performance of the encoder. Other choices are possible and can result in improved visual

forace

tain viewingrdistance.

A.4.13 Refresh Weights table

Table A.25defines the syntax of the Refresh Weights table.

quality

Function: This marker segment contains parameters required to set the gain of each band relative to the
precinct quantization for wavelet bands that select explicitly intra-prediction for refresh purposes through
the TDC selection flags D;[p,b] in the precinct header, see subclause C.2. Together with the parameters in the
precinct header, this allows to determine the quantization of the wavelet coefficients in this band. Details on
how to use these parameters are specified in subclause C.6.2. The number of wavelet bands and the relation
between band, component and wavelet filter type are specified in Annex B. If this marker is not present, the
inferred values for G_[b] shall be G[b] for all b, and the inferred values for P.[b] shall be P[b] for all b.

Usage: Zero or one Refresh Weights tables shall be present in each JPEG XS codestream. This marker shall
appear before the first slice header in the codestream and shall follow the picture header.
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Table A.26 — Refresh Weights table syntax

Syntax Notes Size Values
refresh weights table() {
WGR u(16) 0xff1b
Lwgr f}ilzeerzgiﬁirsegment in bytes, not including u(16) Variable
for(b=0;b < Nj; b = b+l) { Loop over all bands.
if (b’ [b]) | Check whether band b exists
G, [b] Refresh-Gain of band b u(8) 0—15
P [b] Refresh-Priority of band b u(8) 0—255
} End of test whether b exists.
} End of loop over bands
}

NOTE The Refresh Weights table allows encoders to prioritize refreshed bands differently from bands fq
the intrp-mode is selected due to large temporal differences; such bands are usually given-lower priorities thar
weightd in the (regular) Weights table.

A.4.14 Slice header

Table A.27 defines the syntax of the slice header.

Functipn: This marker segment identifies the start of an intra-only)slice and provides sufficient infor
for thelorder of the slices within the image.

Usage: A codestream contains one or more slice headers. The entropy coded data for one slice folld
slice hgader and extends either to the next slice headerotthe end of the codestream. Even though t
header|includes the relative order of the slice in the image, a codestream shall contain slices in incre
order, iLe. progressing from the top of the image to the bottom of the image.

This particular slice header identifies slices that only use intra coding tools, i.e. no data from a p
frame is required to decode the content of afi-intra-only slice. For wavelet coefficients within an intr3
slice, the wavelet coefficients c’[p,A,b,x] areset to c[p,A,b,x].

r which
the the

mation

ws the
he slice
mental

revious
-coded

TFable A.27 — Slice header syntax
Syntax Notes Size Values
slice |header () {
SLH u(16) 0xff20
LslH Size of the segment in bytes, not including the u(16) 4
marker
Index of the slice regardless of the slice type, 0— (216-1)
¥Ysl counting from line 0 (at the top of the image)|u(16)
downwards (towards the bottom of the image)
Isl |=0 Indicate thatthe data in this sliceis intra-only coded
}
NOTE Slice indices ease to regain synchronization in case transmission errors corrupted the codestream.

A.4.15 TDC enabling slice header
Table A.28 defines the syntax of the TDC enabling slice header.

Function: This marker segment identifies the start of a TDC slice and provides sufficient information
order of the slices within the image.
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Usage: Similar to the slice header specified in subclause A.4.13, this marker introduces a slice, though all
precincts within this slice can reference data from the frame buffer. The entropy coded data for one slice
follows the slice header and extends either to the next slice header or the end of the codestream. Even
though the slice header includes the relative order of the slice in the image, a codestream shall contain slices
in incremental order, i.e. progressing from the top of the image to the bottom of the image.

The TDC enabling slice header identifies slices that can reference wavelet coefficients from the frame buffer;
a per-band flag recorded in the precinct header, see subclause C.2, indicates for entire bands within this slice
whether wavelet coefficients are temporally predicted. For temporally predicted wavelet coefficients, the
inverse temporal decorrelation procedure specified in subclause H.4 is applied to reconstruct the wavelet
coefficients c’[p,A,b,x] from the wavelet coefficient residuals c[p,A,b,x] decoded through the procedures
specifigtimAmmex € Forimtra-todedwavetet toetficients, Tip A bxt s Sset tocip A b xt - Temporat pregiction,
and the selection of the prediction mechanism is specified in Annex H.

Table A.28 — TDC enabling slice header syntax

Syntax Notes Size Values
tdc sllice header () {
SLI u(lo) 0xff21
Lsli Size of the segment in bytes, not including the w(16) 4
marker
Index of the slice regardless of the slice‘type, 0— (216-1)
¥Ysl counting from line 0 (at the top of the~image)|u(16)

downwards (towards the bottom of the image)

Indicate that the data in this slice cajruse temporal

I = 1 C
st prediction.
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Annex B
(normative)

Image data structures

B.1 Dimensions of chroma subsampled image planes

An imgge consists of N. components aligned along a regular rectangular sampling grid. Each comp®
a rectapgular arrangement of integer sample values aligned to the sampling grid of the image.The s
of a component are not required to populate every possible position on the sampling grids The hor
spacing between samples of component i is denoted by s,[i] and is called the horizontal sampling fact

vertic
and ve
provid

The nu
WC
The nu

H

(2]

W; and
pictursg

spacing of component i is denoted by s, [i] and is called the vertical sampling factor: Both, hoy
rtical sampling factors, are signalled in the component table specified in sub¢lause A.4.5. Fig

nent is
amples
izontal
or. The
izontal
ure B.1

es an example of how samples are assigned to positions on the sampling grid.

mmber of samples in every row of component i is given by

i=| M
Ul LXUJ

Inber of samples in each column of component i is given by

i=|
! Ly[zﬂ

H; are the horizontal and vertical dimension$*of the sampling grid of the image as signalled
header.

Mo X o X o X o X
NN - -X-X
X o X o X o X o X
o D o B ¢ ] ¢ I ¢ BJ o
X o X o X o X o X
Mo -0 -X° X
X o X o X o X o X
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Figure B.1 — Sampling grid illustration
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NOTE1 In Figure B.1, 5,[0]=s/[0]=1 is indicated by round dots, s,[i]=2 s,[i]=1 coresponding to 4:2:2 sampling is
indicated by crosses, s [1] 2s, f 2 correspondmg to 4:2:0 sampling is 1nd1cated by boxes and arrows point towards
increasing x and y position. Even though this figure indicates the position of the sample values on the sampling grid
from which inclusion or exclusion of sample values in image structures such as bands or precincts is derived, the figure
cannot be taken as an indication how a full-scale image should be reconstructed from a 4:2:2 or 4:2:0 sampled image
or how components are registered relative to each other; such information is either provided by the CRG marker, if
present, or can be derived by means beyond this document. In particular, both centred and co-sited positioning of
subsampled components are possible.

NOTE 2  For 4:4:4 sampling, each sample grid point is populated by sample values of all components.

B2 DBivistomofthesut terd tamre-into-bard

Each cpmponent i is decomposed by a wavelet transformation with N’ ,[i] horizontal and N’L,y[i] yertical
decomposition levels, where

N, [i]=N N’ [i]:=0
. L b . for i<N.-Sd, and ,L'X ] for i>N,-Sd
N}y [i]:=Ny , —log, (sy [1]) N’y [i]:=0

That i9, the number of horizontal decomposition levels applied to componentti‘is given by the nlaximal
horizc;ltal decomposition level N} , and the vertical wavelet decomposition ‘depth depends on the yertical
subsanpling factor sy[i] and the maximal decomposition level Ny, for all components that participatg in the
wavelel decomposition and is otherwise 0. For vertically subsampled, cenfponents, the number of yertical
decomposition levels is reduced by 1.

Band types are enumerated by two letters indicating the horizontal and vertical filter type, each of which
can beleither H indicating high-pass filtering or L for low-pass filtering, where the first letter corresponds
to the horizontal filter type and the second letter corresponds to the vertical filter type. The filter|type is
followgd by two subscripts indicating the horizontal decemposition level d, and the vertical decomposition
level d}. The algorithm of the wavelet transformationsitself is specified in Annex E. The filter type| as the
collect]on of horizontal and vertical filtering and haorizontal and vertical decomposition depth, is collapsed
into a dingle number f by a procedure given by sub€lause B.3.

The width Wy [,i] of filter type f at d,[B,i] horizontal decompositions of component i is given by:

Wi Wi
Wy [ﬁ’i]:[zd;[%—‘ for a horizontally low-pass filtered band and Wb[,B,i]:HZdX[C’#]]_l—‘/Z for a

horizontally high-pass filtered barid:

The hejght H [ B,1] of filter type-f at dy[ﬂ,i] vertical decomposition levels of component i is given by:

Hy (B, ]—{Hfg]]—‘ for7a vertically low-pass filtered band and Hy [, ]=UH[T[I]]}/2J for a veftically
2 dy 2 dy

high-pgss filtered'band.

In casq of 0 vertical wavelet decompositions, a vertical high-pass does not exist and Hy[f,i] is idenfical to
H_[i] fop alfilter types f contributing to component i.

B.3 Band indices, horizontal and vertical decomposition levels

Bands are the result of the wavelet decomposition of a component i with a wavelet filter 5. The wavelet filter
type B is an index in the range of 0 to Ng-1, where N enumerates the number of different wavelet filters. Ng
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is computed from the number of horizontal decomposition levels N; , and vertical decomposition levels Ny ,
as follows:

Ng =(2><min(NL‘X,NL,y)+max(NL'X,NL’y )+1)

The wavelet filter type f is computed from the horizontal decomposition depth d, and vertical decomposition
depth d, as follows: Set 7, to 1 if the band is a horizontal high-pass, otherwise set 7, to 0. Similarly, set 7, to 1
if the band is a vertical high-pass, otherwise set 7, to 0. Then for N; ,2N; , compute

(N x —dy )+ if dy>d,

p-|

[(”L,x =Niy )+TX 27, +5X(”L,y —ay) Otherwise.
NOTE1l  For Ny <N, interchange N; , with N , and d, with d,. However, this case needs not to be conSiderefl in this
documgnt.
NOTE 2| For 5 horizontal and 0 vertical levels, the above formula results in Table B.1, fox 5 horizontal and 1
vertical| levels, the above formula results in Table B.2; for 5 horizontal and 2 vertical levelshit'fesults in Tqdble B.3.
The enyimeration of bands in the tables follows the language of subclause B.2. It is important to observe that the
assign;ILint of wavelet filter types f does not depend on sampling, i.e. the assignment is-identical for 4:4:4, 4{2:2 and
4:2:0 sampling.
NOTE 3|  For components i < N.-S; and s,[i]>1, the wavelet filter types f= Np3+2-N; , and f= Ny +3-N;  |are not
populatied and do not carry any data. See also subclause B.4.
NOTE 4| For componentsi> N_-S,, only the wavelet filter type =0 is populated, all other filter types do not cayry data.
a) Joj1] 2| 3 4 7
5 6
8 9
b) Jo[3][ 6| 9 12 21
15 18
24 27
o 14| 7 | 10 13 22
25 28
d),.¥2/5] 8 | 11 14 23
26 29

Figure B.2 — Wavelet filter types and band indices for 4:2:0 sampling

NOTES5  Figure B.2 shows the wavelet filter typesin a), the band indices of the luma component in b), the band indices
for the Cb component in c) and the band indices for the Cr component in d) for a decomposition with 5 horizontal and 2
vertical levels, 3 components with 4:2:0 sampling and no decomposition suppression.
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The functions d,[p,i] and d [f,i] map a component index i and and a wavelet filter type f8 into a horizontal or

vertica

NOTE 6

1 decomposition level.

The functions d,[f,i] and dy[B,i] are in general component dependent; in the example from Figure B.2,
d,[0,0]=2, but d,[0,1]=1.

Bands are enumerated by a single sequential number b. This sequential number is an index in the range 0 to
Ny -1, where N;, counts the number of bands. N| is computed from Ng and the number of components N, as
follows:

Np

=(N, —Sd)xNy +5d

For i=N

b

NOTE 8
index a
are traj

B.4 |

In casd
compo
encode
and is

That is
or the
hand s
The sh

ing way:

S, the band index b is computed from the wavelet filter type  and the conipohent index
(N.—-Sd)xB+i

.S, only f=0 is populated, all other bands are empty, and the baid’index b is given by
(NC —Sd)XNB +1i

By the above convention, iterating over increasing b corrésponds to a progression order with the con
b fast and the wavelet filter type as slow variable. Compgonents that participate in the wavelet decom
smitted in the first block, followed by all components which are not decomposed.

pand existence flags

the wavelet decomposition is suppressed, not all of the N; wavelet filter types are present
hents, see Figure B.2 for an examplée::The presence of a band given a filter type and a compd
d in the array b,[f,i]. The value of\b.[f,i] is 1 if the wavelet filter type f is present in in comp
if it does not exist. The value of‘this array shall be computed as as follows:

0 if B>0 and i=N,.—-Sd or
B.i]=10 if gmax(Vy, [m'o)xry[ﬁ]umod s, [i]#0

1 otherwise

y

first line ofithe wavelet band is not divisible by the vertical subsampling factor. Note that tH
de of the'middle condition is identical to L,[p,b], the first line of the band, defined in subclay
hded areas of Figure B.2 corresponds to wavelet filter types 8 for which b, [5,1]=0.

osition,
Wavelet

i in the

hponent
bosition

for all
nent is
bnent i,

a band is excluded if either the wavelet filter type is nonzero and the component is not decompposed,

e right
1se B.6.

The ba

d-indexed hand-existence flag b’ bl is 1 if and only if the band h corresponding to filter typ

B and

component i exists, and is 0 otherwise. It can be derived from the band existence flags b,[f,i] as follows:

b, [(N. —Sd)xB+i1=b,[B,i] fori<N,—Sd

by [(N, —Sd)xNg +i]=b,[B,i] fori>N.—Sd
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Table B.1 — Wavelet filter types for 0 vertical and 5 horizontal decomposition levels

Wavelet filter type B Wavelet filtering and decomposition depths
(subscripts are d, and d,)

LLs
HLs o
HL, ¢
HL;
HL,
HLo

1| D WIN|[-=]|O

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

Wavelet filter type S Wavelet filtering and decomposition depths
(subscripts are d, and d;)

LLs 4
Hle,
HL4 4
HL;
HL,
HL, ;
LH, ;
HH, ;

N |WwIN|- O

Table B.3 — Wavelet filter types for 2 verticalland 5 horizontal decomposition levels

Wavelet filter type B Wavelet filtering and decomposition depths
(subscripts are d, and d,)

LLs ,
HLs
HL,,
HL;,
HL,,
LH, ,
HH, ,
HL,,
LH, 4
HH, ,

(0 [ Q|| W IN|R|O

NOTE Inithe above tables, the wavelet filter types are indicated by two capital levels, giving the type of the wavelet
filter infhofizontal and vertical direction, and two subscripts, counting the number of decompositions that have been
appliedfinhorizontal and vertical direction. A letter H indicates high-pass filtering, a letter L low-pass filtering. For all
of the above, 5,;=0.
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B.5 Division of the wavelet-transformed image into precincts

The wavelet coefficients are partitioned into a rectangular grid of N, xN,  precincts, where N, . is the
number of precincts per line of the sampling grid, and N, is the number of precincts per column. Each
column other than the rightmost column is

o _|8xC, xmax, (s, [i)x2"tx if ¢, >0
° We otherwise

sample grid positions wide, where W; and C,, are signalled in the picture header, and the s,[i] are signalled
in the component table. Each precinct contams coefficients from a rectangular area of coeff1c1ents from all
bands.[These coefficients, in turn, correspond to a rectangular region of image data.

NOTE While not a requirement specified in this document, it is generally advisable to select C,, insueh a way that
the rightmost column is approximately of the same size as that of all other columns.

The number N, , of precincts per line and the number N, of precincts per column are defined as follpws:

W H
N[, = —L | and Nyy= f
Cs ’ 2Ny

where [W; is the width of the sampling grid, H; is the height of the sampling-grid, C; is the column width in
samplipg grid positions and Ny , the number of vertical decompositionJevels. Wy, Hy and N, are signglled in
the picture header specified in subclause A.4.3.

gl

Precingts are assigned sequential numbers p, denoted as precingtindices, where p runs from 0 to N, . xN,,
with N}, and N, , defined as above. The sequential number enumerates the precincts on the sampling gri(i in
arastef scan manner, i.e. firstly from left to right, and secondly from top to bottom.

Precin¢t number pis H, = Ny sampling grid lines higlrand W), [p] sampling grid columns wide, where the
latter if computed as

wlip) C if p umod Npx <Npy -1

p1= ' '

P ((Wf —1)umod C,)+1 otherwise

Denotq by (x;,y;,) the coefficient positions within band b, where b is the band corresponding to filtpr type
p and ¢omponent i as defined in subclause B.3. Then x,, runs from 0 to W[f,i]-1 and y, runs frdm 0 to
Hy[B,i]f1, with Wy [B,i] and Hy[B,1) the band dimensions as defined in subclause B.2. A sample in band b at
positiop (xy,},) is part of precihct p if and only if

b | ybxsy[i]XZdy[ﬂ'i]
4=

dy[B ]
and p umod Ny, {xbxs xli1x2 J

b,x ZNL,y CS

where @, [B,i] andyd,[B,i] are the horizontal respectively vertical decomposition depth of component i and
filter type B, N[} and Ny, are the number of horizontal and vertical decomposition levels, and s,[i] apd s, [i]
are the horizontal and vertical sampling factors of component i.

W, 1P]

The width W ;[p,b] of band b in precinct p is computed by W,, [p,b]=| ——————
P p s, [1]><2 x[Bli]]

for a horizontally

Wp [p]

«29x(B

By this definition, W, [p,b] indicates the number of wavelet coefficients and also the number of quantization
index magnitudes per line in precinct p and band b.

low-pass filtered band and W, [p’b]:H = /2| for a horizontally high-pass filtered band.
(]
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B.6 Division of precincts into lines

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

lel:O,Hp —1]

Band b in precinct p is included in lines A > Ly[p,b] and A < L;[p,b], where L, is the start line and L; the
(exclusive) end line of band b in precinct p. Ly[p,b] and L,[p,b] are computed as follows:

Ly [p,b]=2" My~ P10 o 81 and

Ll p'b] = LO [p’b]+min (Hb [ﬁ,i]_\‘NP szmaX(NL,y—dy[i,ﬂ],O) ,ZmaX(NL.y_dy [i,ﬁ],O))

p.X

where |8 and i are computed from b as indicated in subclause B.3. Figure B.3 provides an example how an
image 1s divided into precincts, lines, bands and packets.

NOTE 1] By this definition, line numbers enumerate lines in the sampling grid, irrespectively of the [vertical
subsamipling factor of a component. For vertically subsampled components, oddlin€é numbers are excluded by means
of the lipe inclusion flags, see subclause B.7.

NOTE 2| By these formulae, the bottommost precinct of a image can cofitain bands that contain fewer lines fhan the
bands if all other precincts. In particular, some of these bands can be,even empty.
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a)

Ly[2,0]=0

L[20]=1—_ "

Lo[227]=2 —*

L{[2,271=4 —
b)

Figure B.3 — Precincts, slices and packets

NOTE 3] In Figure B.3, a 5 level honizontal and 2 level vertical decomposition using 4:4:4 or 4:2:2 sampling with a

slice-hejfight of 16 is presented. Medjum lines indicate precinct boundaries, thin lines band boundaries and th
the imalge boundary. Dotted lines'belong to a separate slice. The precinct denoted by a) depicts the band ind
all bands that contribute to‘eomponent 0, the precinct indicated by b) depicts the packet indices. The shaded

ck lines
ices for
area in

b) consists of a single packet: Note that some bands extend over two lines. Subpackets can extend over several bands,
but include only a single line of a group of bands. Band indices for component 0 only are shown for precinct p=1, the

groupirlg of lines of bands into packets is demonstrated for precinct p=3. Columns are disabled and precincts
over the full image:Note further that the presence of a band in the precinct for the last precinct of the image c4
easily imferred<rem Figure B.3.

Each precinct p is encoded in N, packets enumerated by the packet index s, which runs from 0 to
Each packet contains entropy coded data of one or multiple bands b, but only of one single line A of
and precinct p. All bands within a packet are coded jointly. Whether line A of band b in precinct p is included
in packet s is encoded in the line inclusion flags I[p,A,b,s]. This flag is non-zero in case line A of band b and

precinct p is included in packet s, and zero if it is not. As indicated by Table A.1, the line inclusion fl
precinct p are computed at the start of this precinct.

extend
nnot be

Npc—l.
band b

ags for

The algorithm In Table B.4 computes the line inclusion flags I[p,A,b,s] and the number of packets N, per

precinct:
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Input: Horizontal and vertical decomposition depth N , and N , number of components N, number of
bands Np, line start and end positions Ly[p,b] and L;[p,D] for all bands, precinct index p.

Output: Line inclusion flags I[p,A,b,s] per precinct p, band b, line A and packet s, number of packets N [p] for
precinct p.

Table B.4 — Computation of the line inclusion flags

Name Notes

compute packet inclusion(p) {

for (b=0;b<N, ;b=b+1) { Iterate over all band indices

[terate over all lines ™
Y

Iterate over all possible packet indicg’q/ '
N

N
fod (A=0;A<2 ™Y ;A=A+1) {

N
fdr (s=0; s<N;x 2 LY s5=g541) |

1lp,2,b,s]1=0 Reset packetinclusion flag )~/ )
} End of loop over packet indlc&s v
} End of loop over lines q/\
} End of loop over bar@;&)
s=0 Reset packet indpa\\\v
B,=mafz (Ny, ., Ny ) -min (N ., N )+1 Number of inc\@é(ji bands in the first packet
for (§=0;p<B,;p=p+1) | Loop overfi&te?types
for(i=0;i<N_ -Sy;i=i+1) { Loopp;@‘ wavelet- decomposed components
if (b, [B,1]) A Ch K Whether the band corresponding to filfer type
component i exists
b (N.—Sg) xp+i s‘égmpute the band index from the filter type and the
R \Z component, see subclause B.3
Ilp,0,b,s]=1 R\ - f; bands of all components included in the firs{ packet
} ‘\\Q)‘
} s(\'O End of loop over wavelet-decomposed companents
} ) r.\l; End of loop over wavelet filter types
for (Jo=R17 Bo<Ng;iB=Ppt+3) { C)\\V Loop o(xizer proxy levels until all wavelet types are
covere

Loop over all lines within the band

-
N. -d, |0,
for {A=0;a<2 WY vl BO];}\:)ﬁ(Dﬁ

fod (B=Pyi B<Py+3;B=p+1 ),\{(.)' Loop over all filter types within the resolutign level
rgl X QU Indicate to create a new packet
fqr (i=0; i<chsd’;\(§\F/1) { Loop over components
P (b, [B,1]) Qy Check whether tht_a ba_nd corresponding to filfer type
| B and component i exists
b= (N, é\)ﬁﬂ Compute the band index from the filter type and the
component, see subclause B.3
J%\\ t Lolp,b]) umod s, [i] == 0) | Check w?ether the band is excluded due to 4:2:0
stbsamphas
if (MLy[p, b]l<L;[p,b]) { Check whether the line is in the precinct
s=s+r Potentially start a new packet
Ilp, a+Lolp,b],b,s]=1 Include the line in the precinct
r=0 Packet has been created for this band type
} End check whether the line is included
} End check whether subsampling allows line inclusion
} End check whether band exists

© ISO/IEC 2024 - All rights reserved
40


https://standardsiso.com/api/?name=e3d32478b4541adfc481020c7702190f

ISO/IEC 21122-1:2024(en)

Table B.4 (continued)
Name Notes
} End of loop over components
} End of loop over filter types
} End of loop over lines
} End of loop over proxy levels
for (A=0; A< 2NL’y SASAtL) | Loop over lines
for (1=N_-S4;1<N_;i=i+1) { Loop over components that do not participate in the
IALILA. lat dacombasition
............... pesition
b={N_-Sg) xNg+1i Compute the band from the component; THe filter
type is always 0
if{A+Ly[p, bI<L,[p,b]) | Check whether the line is in the precinct
sqs+1 Create a new packet
Ilp, MLglp,bl,b,s]=1 Include the line in the precinct
}
} End loop over compa@nents
} End loop over lin€s
Ny [pf=s+1 Define the number of packets in total
}
NOTE For §;,=0, the above algorithm results for 3 components, 5 horizontal and 0 vertical wavelet decomposition
and 4:4¢4 or 4:2:2 sampling in the line inclusion flags as listed in Table B.5, for 3 components, 5 horizont3l and 1
verticall wavelet decomposition in Table B.6 and for 3 components,»5horizontal and 2 vertical wavelet decomposition
in Tablg B.7. For 3 components, 5 horizontal levels and 4:2:0 sampling, Table B.8 lists the lines and include@ bands

for 1 vefrtical decomposition level, Table B.9 for 2 vertical decomposition levels. For S;>0, the components thaft do not

particigate in the wavelet decomposition follow the regular‘components, with the component as fast and th¢
slow vafriable. For S;=1, 4 components and 4:4:4:4 sampling and 1 vertical decomposition level, the above al
results [n the packet layout indicated in Table B.10, fok'the same configuration and 2 vertical decomposition |
Table B11.

Table B.5 — Line inclusion flags for-zero vertical decomposition level and 4:4:4 or 4:2:2 sam
and ;=0

b line as
borithm
evels in

bling

Packet index s Line number A Included bands

0 0 (0,1,2) (3,4,5) (6,7,8) (9,10,11) (12,13,
(15,16,17)

14),

Table B.6 — Line inclusion flags for one vertical decomposition level and 4:4:4 or 4:2:2 sampling

and S;=0
Packet'index s Line number A Included bands
0 0 (0,1,2) (3,4,5) (6,7,8) (9,10,11) (12,13,[14)
1 0 (15,16,17)
2 1 (18,19,20)
3 1 (21,22,23)
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Table B.7 — Line inclusion flags for two vertical decomposition levels and 4:4:4 or 4:2:2 sampling
and S;=0

Packet index s

Line number A

Included bands

0

(0,1,2) (3,4,5) (6,7,8) (9,10,11)

(12,13,14)

(15,16,17)

(18,19,20)

(21,22,23)

(24,25,26)

(27,28,29)

(21,22,23)

(24,25,26)

O |0 (N ||| |w|IN|Rk|O

W W R IN[IIN | O (R |-k O

(27,28,29)

Tablg

e B.8 — Line inclusion flags for one vertical decomposition level and 4:2:0 sampling and|(S ;=0

R

acketindex s

Line number A of luma

Line number A of chro-

Included bands

component ma components
0 0 0 (0,1,2) (3,4,5) (6,7,8)
(9,10,11),(12,13,14)
0 (15,16,17)
< (18)
» (21)

Tablé

B.9 — Line inclusion flags for two vertical decomposition levels and 4:2:0 sampling and

Sd=0

)}

acketindex s

Line number A of luma
component

Line number A of chro-
ma components

Included bands

0

0

(0,1,2) (3,4,5) (6,7,8) (9,1,11)

(12,13,14)

(15)

(18)

(21,22,23)

(24,25,26)

(27,28,29)

(21

(24)

O[O0 |d|WIN|—|O

W W IR ININIO|(FR| PO

(27)

Table ]

B.10-— Line inclusion flags for one vertical decomposition level and 4:4:4:4 sampling wit

Packet index s

Line number A

Included bands

0

(0,1,2) (3,4,5) (6,7,8) (9,10,11) (12,13,14)

(15,16,17)

(18,19,20)

(21,22,23)

(24)

i WIN|IR|O

0
1
1
0
1

(24)
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Table B.11 — Line inclusion flags for two vertical decomposition levels and 4:4:4:4 sampling and S;=1

Packet index s Line number A Included bands

0 (0,1,2) (3,4,5) (6,7,8) (9,10,11)

(12,13,14)

(15,16,17)

(18,19,20)

(21,22,23)

(24,25,26)

N (N | O |= O

(2729 20)
T Oy

(21,22,23)

(24,25,26)

OO (NP WIN|IR|O

(27,28,29)

(30)

-
-

(39)

[N
[\

(30

[UnN
(e}
WIN|R|O|W [ W|KF

_
w

(30

B.8

Consedutive coefficients of line A in precinct p and band b are greuped into code groups for the pur
joined foding. The number of coefficients within one code grougis’denoted by N, and is constant thro
all bands and precincts. The first sample of the first code group in a line of a precmct corresponds

firstc

group is padded to include N, samples. An encoder can.Qutput arbitrary values for these samples. A
shall ignore samples resulte§ from padding in all subsequent steps such as the wavelet transformati

The nu

N

cg

where
coeffic

B.9 (

If signi
signific
group

group
least o

ivision of precinct lines into code groups

fficient of that line. In case the width of the line is nota multiple of the code group size, the 14

Iber of code groups N,[p,b] of precinct p aid band b is computed as follows:
= [Wyy[p.b] /Ny |

Wou[p,b] is the width of precinct’p and band b in coefficients and N, is the size of a code g

ents.

irouping of code@roups into significance groups

ficance coding is-entabled, multiple code groups are furthermore grouped into significance gr
ance group ¢omprises S, consecutive code groups of a line A in precinct p and band b. The fir

bf a line 4 may cover only a smaller number of code groups. A significance group is significd

pose of
ughout
to the
st code
ecoder
n.

foup in

pups. A
st code

pf the firstsignificance group corresponds to the first code group of the line A. The last significance

nt if at

he code group within the significance group contains at least one non-zero coefficient or one code
as’a non-zero bitplane count prediction residual, depending on the selection of the run-mode

Rm.

= [Wyy[p.b] / (Ng xS,

where W, [p,b] is the width of the band b in precinct p in coefficients, N, is the number of coefficients in a
code group and S, is the size of a significance group expressed in number of code groups.
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B.10 Grouping of code groups into TDC selection groups

If TDC is enabled within a slice due to the TDC enabling slice header (SLI, see subclause A.4.15), multiple
code groups are furthermore grouped into TDC selection groups. A TDC selection group comprises S;
consecutive code groups of a line A in precinct p and band b. The first code group of the first TDC selection
group corresponds to the first code group of a line A. The last TDC selection group of a line A may cover
only a smaller number of code groups. The TDC subpacket specified in subclause C.5.6 decodes one flag per
TDC selection group. This flag selects per TDC selection group for all wavelet coefficients within this group
whether the inverse temporal decorrelation transformation specified in subclause H.4 is applied to them, or
whether c¢’[p,A,b,x] is set to c[p,A,b,x], i.e. no decorrelation is performed. For details, see Annex H.

The nu

N.

1

where
code gi

B.11¢(

One or]

1 LTnc 1 s ALL Ll 1 1 L= 1. o R | £11
ITUCT Ul T DU STICTLULIUILT 51 uupa lVil_[J,UJ 11T Udllu U 111 ©VCTI _y ITTIT /U 1S \,uuxputcu dd 1TUITUVVS.
p.b] = [Wyp[p,b] / (NgxS;) ]

Wy,[p,b] is the width of the band b in precinct p in coefficients, N, is the number/af coefficie

oup and S; is the size of a TDC selection group expressed in number of code groups:

irouping of precincts into slices

multiple precincts are grouped into slices. Restrictions on bitplane count decoding ensur

verticall prediction is disabled across slice boundaries; this ensures that wavelet coefficients that are

differe

N

=]

precin
header]
per roy

ht slices can be decoded independently of each other. Slice number ¢ consist of

H H
H—f—} umod H; } if (t+1)xHg > {—f—‘

H otherwise

ts, such that the first slice is aligned to the top-of the image, where H is signalled in the
Hyis the height of the image, H,, is the height'of a precinct in lines and N, , is the number of pr]
.

nts in a

es that
part of

picture
ecincts

© ISO/IEC 2024 - All rights reserved
44


https://standardsiso.com/api/?name=e3d32478b4541adfc481020c7702190f

ISO/IEC 21122-1:2024(en)

Annex C
(normative)

Entropy decoding

C.1 Entropy decoding general provisions

Encoddd image data is structured in slices, see subclause B.11, where each slice includes the’yvavelet
coefficlents necessary to reconstruct a horizontal stripe of the image. Slices are represéntéd|in the
codestream by slice headers and subsequent precincts, see subclause A.4.13 for the syntax ef a/slice header.
Data fdllowing the slice header represents one or multiple precincts, where precincts are-included in raster
scan order, left to right, top to bottom. Precincts are not enclosed in markers. Each precinct consists of a
precingt header, one or multiple packets, and optional filler bytes, see Table A.1 for~details. Subclajise C.2
specifigs the structure of the precinct header.

Each phcket s of a precinct p consists of a packet header and a packet body which itself includes multiple
subpadkets. Subclause C.3 specifies the structure of the packet header, and subclause C.4 the strudture of
the pagket body. Each subpacket contributes directly or indirectly to thie’ quantization index magnitudes
v[p,A,blx] and wavelet coefficient signs s[p,A,b,x]. Some subpackets are-optional; their existence is inflicated
by flagp in the precinct header or picture header, depending on the £ype of the subpacket.

NOTE 1] This document does not define a mechanism to resynchronize the decoder to marker or packet bouhdaries.
The enfropy coded data can contain byte sequences that reassemmble markers or marker segments. A lower-level
transpdrt protocol beyond the scope of this document is needed toensure proper resynchronization to framejor slice
boundagies.

The TOC selection subpacket includes for each TDC selection group a single bit that, if it is set, indicates that
all codp groups within the corresponding TDC sélection group are temporally predicted, i.e. they encode
residudls relative to the contents of the frame buffer. The TDC selection subpacket is an optional sulppacket
that shpll be included in precincts if [;=1 and D[ p,b]=3 for any band b. That is, the TDC selection subpacket is
present if the slice coding mode indicates-that the precinct is part of a TDC enabling slice (s.1, marker type
0xff21) see subclause A.4.15) and the TDC mode of the precinct p and a band b of precinct p indicate flag-
based TDC selection. It shall not be present for I=0 that is, for precincts that are part of an intra-only slice
(stu, marker type 0x££20, see sub¢lduse A.4.13) or if the TDC mode D;[p,b] recorded in the precinctjheader
is diffefent from 3 for all bands bof precinct p. The TDC selection subpacket is specified in subclause|C.5.6.

The significance subpacket,includes for each significance group a single bit that, if set, indicates that all
code groups within thercorresponding significance groups are insignificant. A code group is insignificant if
containys only zero cgefficients, or its bitplane count prediction residual is zero, depending on the Ruph Mode
flag Rm in the pictufe header. The significance subpacket is an optional packet that is only included]if bit 1
of the itplane ¢ount coding mode D[p,b] field in the precinct header is non-zero and the raw mode oyerride
flag D |p,s] field:in the packet header is 0. The significance subpacket is defined in subclause C.5.2.

The bi hiitplane
count ! -gtofacodeg - bitpta ot Of v treatiopositio specifies
the number of bitplanes included for all coefficients within a code group. The bitplane count subpacket is a
mandatory packet that is always present. It is specified in subclause C.5.3.

plane count subpacket defines for all code groups in significant significance groups the

[, 7\, U

The data subpacket defines the quantization index magnitudes v[p,A,b,x] for all code groups whose bitplane
count is larger than the truncation position. If the Fs flag of the picture header is 0, the data subpacket also
contains the signs s[p,A,b,x]. The data subpacket is defined in subclause C.5.4.

The sign subpacket defines for all non-zero quantization index magnitudes v[p,A,b,x] the sign s[p,A,b,x] of
this quantization index. The sign subpacket is an optional packet that exists only if the Fs flag in the picture
header is non-zero. If the sign subpacket does not exist, signs are included in the data subpacket. The sign
subpacket is defined in subclause C.5.5.
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The bitplane count, data and sign subpackets may contain an arbitrary number of filler bytes at their end.
A decoder can infer the number of filler bytes from the corresponding length field in the packet header. The
value of the filler bytes shall be ignored by a decoder.

NOTE 2

The entropy coded data segment does not use markers to indicate the presence or absence of particular packet

types. Instead, the picture header includes all necessary information to decide upon the presence of a particular packet.

C.2 Syntax of the precinct

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

inferred from the L. [p] field in the precinct header. Decoders shall ignore the filler bytes and skip

witho

specifig¢s the encoding of the bitplane count coding modes.

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

over it,

interpreting the data stored there. Table C.1 specifies the syntax of the precinct headerTgble C.2

Output: Size of the precinct in bytes including filler bytes L, [p], precinct quantization Q[p], precinct
refinement R[p] and bitplane count coding modes D[p,b] and TDC modes D;|[p,b] for all bands b.

Table C.1 — Precinct header syntax

Name

Notes

Size

Value|

precirct header (p) {

L[]

Length of the entropy coded data in this pre-
cinct including filler bytes meastred in bytes.
The number of bytes in this field.counts from
the end of the precinct headérof this precinct
up to, but not including thé&first byte of the next
precinct header, slice héader or EOC.

u(24)

1—(220-1)

Q[pl

Precinct quantizatioin: This field is input to the
algorithm specifiéd in subclause C.6.2 to select
the truncation(positions T[p,b] of all bands of
this precinct.

u(8)

0—31

R[p]

Precinetrefinement. This field is input to the
algorithim specified in subclause C.6.2 to select
thetruncation position T[p,b] of all bands of
this precinct.

u(8)

0—(2N,-1)

if(1d > 0) |

[s the precinct part of a TDC enabling slice?

Q¢ [pl

Precinct frame buffer quantization level. This
field is input to the inverse temporal prediction
algorithm specified in subclause H.4 to select

a quantization value for the data in the frame
buffer.

u(8)

0—31

Re[H]

Precinct frame buffer refinement level. This
field is input to the inverse temporal prediction
algorithm specified in subclause H.4 to select
arefinement value for the data in the frame

u(8)

0—(2N,-1)

buffer.

} else {

End of TDC enabling slice syntax

Initialize the frame buffer quantization to maxi-
mum for intra-coding

Initialize the frame buffer refinement for intra
coding.

for (b=0;b<N;;b=b+1)

{

Loop over all bands

if(b',[b]) |

Check whether band b exists

© ISO/IEC 2024 - All rights reserved
46


https://standardsiso.com/api/?name=e3d32478b4541adfc481020c7702190f

ISO/IEC 21122-1:2024(en)

Table C.1 (continued)

Name Notes Size Values
D[p,b] Bitplane count coding mode of band b. u(2) See Table C.2
}
} End of loop over bands
PE(I, > 0) | gggl{ggnednsabling slices, signal the TDC modes
for (b=0;b<Ny;b=b+1) { Loop over all bands
if(b',[b]) | Check whether band b exists
D, [p,b] TDC mode of band b. u(2) See Table €.8
}
} End of loop over all bands
} End of TDC enabling slice syntax
padding Pad to next byte boundary pad(8) 0
}
The D[p,b] field consists of two consecutive bits per band in the precinct header<It specifies how the Hitplane

counts

of the code groups of wavelet coefficients are encoded. Table C.2 lists' valid encodings for tHis field

in binafy, where an “x” indicates a bit position whose value shall be igneréd for the purpose of deterjmining

a specific function. The bitplane count encoding mode selected by the 2{p,b] fields can be overridden

D\[p,s]

by the

field in the subpacket header, see Table C.4. If D [p,s] is non-zéro, bitplane counts in the corresgjonding

subpacket are encoded in raw mode, see subclause C.6.4, regardless)of the value of the D[p,b] field. The same
numbe} of D[p,b] fields shall be present, regardless of the valuestof the D [p,s] fields and regardless whether
some bands are not included at all because the last precinct ispattially cut off at the bottom of the samplihg grid.

The D[

the top

indepe

hdently of each other.

Table C.2 — Bitplane count coding modes

h,b] flags shall be populated in such a way that vertical prediction is never selected for the prefinct at
of a slice; this condition ensures that wavelet coefficients in different slices can be entropy decoded

D[p,b] Bitplane count coding mode
x0 prediction from zero

x1 Vertical prediction

0x Significance coding disabled
1x Significance coding enabled

NOTE 1] The above table’indicates that bit #1 indicates the presence of significance coding and bit #0 yhether

verticallor no prediction.is selected.

The D,
consec

p,b] field shall be only present in precincts following TDC enabling slice headers. It consists|of two
itive Bits per band in the precinct header that specify how to reconstruct the temporally predicted

wavelet coefficients c¢’[p,A,b,x] from the contents of the frame buffer f[p,A,b,x] and wavelet coefficient

residuglso[p,A,b,x]. Table C.3 lists valid encodings for this field in binary.
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Table C.3 — TDC modes

Dl[pﬂb]

TDC mode

00

determine the truncation position.

No temporal prediction, all wavelet coefficients of band b in precinct p are transmitted directly
and inverse temporal prediction is not applied to them, using the regular Weights table to

10

for details).

Temporal prediction for all coefficients of band b in precinct p except for those in TDC selection
groups whose positions match the hash through Y, [b] and S},[b], see subclause H.4. Y} [b] and
Sy,[b] are signalled in the temporal prediction control marker (TPC marker, see Annex A.4.10

Temporal prediction selection through TDC selection flags Y[p,A,b,k] transmitted in t

11

subpacket. Wavelet coetficients in the TDC selection groups whose positions match t
through Yy, [b] and S [b] are not temporally predicted (see subclause H.4), regandles
value of their TDC selection flag Y[p,A,b,k].

he TDC
he hash
5 of the

01

and inverse temporal prediction is not applied to them, using the RefreSh"Weights t
determining the truncation position.

No temporal prediction, all wavelet coefficients of band b in precinct p are transmitted dlirectly

hble for

C3 K

Data fd
represq
within
one or

subclause C.5.

The D,
pis en
of the
mode d
whose

Packet header

llowing the precinct header of precinct p consists of one or multiple packets, where each p
ents the quantization indices of one or multiple bands b and one line’A of the precinct p and al
this packet, see Table A.1 for a breakdown of the syntax. A packet consists of a packet heac
multiple subpackets. Table C.4 specifies the syntax of the packet header. Subpackets are spec

foded in raw. By that, D [p,s] overrides the D[p,b] mode selection in the precinct header. Reg
yalue of D [p,s], the D[p,b] flags shall be presentdnthe precinct header. Packets encoded in {
o not include significance information and the significance subpacket shall not be present for |
D [p,s] field is non-zero.

acket s
| bands
ler and
ified in

p,s] flag in the packet header indicates whether the bitplane count information of packet s in precinct

ardless
he raw
packets

In addition to the above, the following constraint shall hold if the R, field of the picture header is (: For a
given precinct p and band b, the D [p,s] flag-shall be identical for all packets s that include band b|within
precingt p, i.e. raw and non-raw coding-efibitplane counts shall not be mixed within the same band in the
same prrecinct. Formally: for all precincts'p and all packets s and s’, D [p,s] == D,[p,s’] if there is a band b and
line indices A and A" such that I[p,A,b)s] = 1 and I[p,A’,b,s’]=1. This restriction does not apply if R, is 1.
A
010,010 DAOAT=ON
D.[0,7]=0F
D,[0,5]=0 \ B
D,[0,8] = oF
|4
DJ1,01=0 D.[1,4]=1 \_
, =
DiL7i=1 r/
D[1,5]= 0% _
D.[1,8] = 0F

Figure C.1 — A valid selection of raw mode override flags for R;=0
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NOTE1  Figure C.1 demonstrates a valid composition of raw-mode override flags for 5 horizontal and 2 vertical
decomposition levels and two precincts for R;=0. Thick lines indicate precinct boundaries, thin lines band boundaries,
dotted lines packet boundaries. The shaded region to the top left is represented by a single packet. Note that raw-mode
flags can vary between bands and precincts, but are identical within the same band. Not all raw mode override flags
are shown.

Table C.4 specifies the syntax of the packet header.
Input: precinct index p and packet index s of the packet whose packet header is to be decoded.

Output: Raw mode override flag D [p,s] for precinct p and packet s, length in bytes of the data subpacket
L4ac[p.s], length in bytes of the bitplane count subpacket L_,,[p,s], and length in bytes of the sign subpacket
Lggn[p,§TOf PTeCINCT p and packet 3. The [engtit of the sIgnificance packet IS Mmferred from the number of
coefficlents in the bands included in packet s and is not signalled.

Table C.4 — Syntax of the packet header

Name Notes Size Values

packefl header (p,s) {

ph=0 Assume the packet header is not pfesent
for (4=0;b<N;;b=b+1) { Loop over all bands
for {(A=L,[p,b] ;A<L;[p,b];A=A+1) { Loop over all lines of this hand
if(Ilp, 2, b,s]) | Include only if the line ispresent

in the given band and packet, see
subclause B.7.

phal Include the packet header

} End of line ds included

} End of logp over lines

} End of leop over bands

if (pif==1) { Oulyinclude data if the packet is
Hon-empty

D.[Qs] Raw mode override flag. If this bit is u(1) 0,1
non-zero, bitplane count information of
this packet is encoded in raw mode, re-
gardless of the value of the D[p,b] flags
in the precinct header.

1f (WexN<32752 && Ly==0) { Depending on the width of the image
and the number of components, select
the syntax of the header. See Table A.7
for the definition of Wi, N_.and L.

Laat[p,s] Size of the data subpacket in bytes. u(15) |0-32767

Lent [P, s] Size of the bitplane count subpacketin |u(13) [0-8191
bytes

Lygh[p,s] Size of the sign subpacket in bytes if u(11) [0-2047

Fs=1.1f Fs=0, this field shall be present,
but is ignored. Fs is specified in the
picture header; see Table A7

} else { End of short packet header
Laae [P, s] Size of the data subpacket in bytes. u(20) |0-1048575
Lonte[Prs] Size of the bitplane count subpacketin |u(20) |0-1048575
bytes
LegnlpP,s] Size of the sign subpacket in bytes if u(15) |0-32767

Fs=1.1f Fs=0, this field shall be present,
but is ignored. Fs is specified in the
picture header, see Table A.7.
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Table C.4 (continued)

Name

Notes

Size

Values

}

End of condition for packet header size

}

End of test for non-empty packet

}

NOTE 2

In case a component is not vertically subsampled or excluded from the wavelet transformation by means
of the CWD marker, the data subpackets of such a component can grow larger than 32768 bytes or the sign subpacket
can grow larger than 2048 bytes, even if WyxN_< 32752. It is thus advisable to enforce long headers with L,=1 if the
codestream contains components that are not vertically decomposed or do not participate in the wavelet filtering

process

C4 K

Table (
precin
counts

and it WXN_=16376.

backet body

.5 specifies the syntax of the packet body precinct p and packet s. The packetbody of pacl
t p consists of multiple subpackets, each of which contributes directly or indirectly to the bitplane
M|[p,A,b,g], the quantization index magnitudes v[p,A,b,x] or wavelet coefficiedtiresidual signs s|]

of a sinlgle line A and one or multiple bands b of precinct p.

Input:

Outpu
residua

Precinct index p and packet index s.

[: Bitplane counts M[p,A,b,g], quantization index magnitudes Vv[p,A,b,x] and wavelet coe
1 signs s[p,A,b,x] for precinct p, line A, and all bands b in subpackets.

Table C.5 — Syntax of the packet body

ket s in

p,A,b,x]

fficient

Name

Notes

Reference

packef]

_body (p,s) {

if (I

g

L > 0) |

Check whether this packet is part of a
TDC.enabling slice

Subclause A.4.13 and
subclause A.4.15

unpa

ck tdc flags(p,s)

Decode TDC selection flags. The size
of the TDC subpacket is not includ-
ed in the packet header and can be
inferred from the size of the included
lines, bands and the TDC mode
D;[p,b] flags.

Subclause C.5.6

End of decision for TDC.

unpad

k_significancefpys)

Decode significance information. The
size of the significance subpacket is
not included in the packet header and
can be inferred from the size of the
line and the band.

Table C.6

unpad

k bitplanhe count (p,s)

Decode bitplane count information.
This subpacket includes L;[p,s]
bytes.

unpad

Kedata (p, s)

Decode wavelet magnitude data. This

Table C.9

subpacKet includes Ly, [p,S] Dytes.

if (Fs==1) {

The sign subpacket is only included if
sign coding is enabled in the picture
header, see Table A.7 for the defini-
tion of Fs.

unpack signs(p,s)

Decode wavelet magnitude data. This
subpacket includes L, [p,s] bytes.

Table C.10

End of if sign packing enabled
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C.5 Subpackets

C.5.1 Nomenclature

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

C.5.2 Significance subpacket

Table C.6 specifies the syntax of the significance subpacket. This subpacket includes for every significance
groupl]t code groups one bit thatidentifies whether all code groups in the significance group are insignfificant.

The bigplane count subpacket does not include information for insignificant significance groups dnd the
bitplane counts of the code groups within such significance groups are inferred. This subpacket.is optional.
It is only included if bit #1 of the D[p,b] field of the precinct header is set to 1 and the raw mode overrjde flag
D,[p,s]|is set to 0. See subclause C.3 for the specification of the precinct header.

NOTE The packet header does not include the size of the significance subpacket, it can bé\inferred from thg size of
the inclpded bands.

Input: Precinct p and packet s whose significance data is to be decoded

Output: Significance flags Z[p,A,b,j] of all significance groups and all baiids of the given precinct p and
packet]s.

Table C.6 — Syntax of the significance subpacket

Name Semantics Size V3ilues

unpacl significance(p,s) {

for (=0;b<N;;b=b+1) { Loop over all bands
for{A=L,[p,b];A<L[p,b]l;A=A+1) { Loop over all lines of this band
if(Ilp,A,b,s]) | Include only if the line is present

in the given band and packet, see
subclause B.7.

il (D [p,s] == 0) { Include only if the raw override flag is
not set
J£(Dlp,b] & 2) { Significance information is only present

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

for (3=0;j<Nglp,b}33=]+1) | Loop over all significance groups of this
precinct, band and line. A definition of
N[p,b] is given in subclause B.9.

Z[p,2,b,jl] Significance information of this signifi- |u(1) 0,1
cance group

} End of loop over significance groups

End of significance coding enabled

} End of o agareida 1ot oot
RO aW-overHaeI5hHot5ex

} End of line included

} End of loop over lines

} End of loop over bands
padding Pad to the next byte boundary pad(8)

}
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Bitplane count subpacket

Purpose of the bitplane count subpacket

The bitplane count subpacket decodes to the bitplane counts of the code groups of a packet s of precinct p. The
syntax of the packet depends on the bitplane count coding mode D[p,b] of the precinct header and the raw
mode override flag D [p,s] signalled in the packet header. Additional constraints apply to the selection of the
bitplane count coding mode D[p,b] and the raw mode override flag D [p,s]. Which constraints apply depend
on the raw-mode selection per packet flag R, of the picture header, see subclause A.4.4. In case R=0, the
constraints indicated in subclause C.5.3.2 apply. In case R;=1, the constraints indicated in subclause C.5.3.3

apply. Subclause C.5.3.4 specifies an algorithm that tests the correctness of the mode selection, and

codest
syntax

NOTE
for enty
the bitp

C.5.3.2

sizes o

Forma
in Tab
signifig

While L

‘eams shall be constructed in such a way that this algorithm succeeds. Subclause C.5.3.5 speci
and the decoding algorithm for the bitplane count subpacket.

The purpose of these constraints are to ensure an upper bound for the buffer size a decoder.has to

fies the

reserve

opy-coded bitplane count data. An encoder can always satisfy the constraints by selecting/the raw nmode for

lane count coding mode if the size of the bitplane count subpacket becomes too large.

Bitplane count mode selection for R;=0

R;=0, the codestream shall be constructed in such a way that for all bahds’b, the sum of the siz
e count subpackets and significance subpackets contributing to b is'‘at/most as large as the su
encoding the bitplane count of the same subpackets in the raw mede.

ly: Let L_,[p,s] be the size of the bitplane count subpacket of precinct p and packet s in bytes
C.4. Let Lsig[p,s] be the size of the significance subpacket of precinct p and packet s, or
ance data is included.

iglp,s] is not explicitly signalled, it can be inferred from the size of the bands contributing to 4,

by the 1umber of bytes generated by the algorithm spegified in Table C.6, or equivalently by

Sig

Let L’
precin

Ll

(=g

raw
Let Lk

D, A [p:b,2,51x(1=D, [p,s])x(Df,s]>> 1)xN, [p,b]
8

[p.s]=

¢ [p,b] be the sum of sizes of all bitplane count and significance subpackets contributing to bz
tp:

Npc—-114[p.b}-

t[pb z 2 I[pb/ls (cnt[p5]+l’51g[p5])

SO/ILOpb]

raw cofling mode:

Lra

N 1L b Ny—-1 ’ ’
pe~1L[p, 1" I[p,b’,A,s|xN ,b’|xXB
b, bk= 2 2 [p.b,A,s]% Z v ] 8Cg P
s=0 A=Lg[p,b] b’=0

bs of all
m of all

Hefined
0 if no

either

nd b in

[p,b] be the amount of bytes required to encode the bitplane count of band b in precinct g in the

Then, t

Iaw

e codestream shall be constructed in such a way that forall band p, L', [p,b]< L5 |p,b] holds.
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D,[p,0]=7

Dr[p'4] = D7[p!4] ) =?

IA

|

D,[p0]=1 } \

/ D.[p3] = 1/ Di[p,4] = D7[p4] ) =1

NOTE

precinc
thin lin
packet.
the are
D.[p.s]F
are con
overrid
than th

select .

C.5.3.3

In case
of the
aslarg

Formal

Let L’l1
p and g

Lll

Figure C.2 — Rate constraints for band and packet mode selections

Figure C.2 demonstrates which comparisons are made to test the<wvalidity of a mode decision for
L p with a 5 level horizontal, 2 level vertical wavelet decomposition., Thick lines represent precinct bou
bs band boundaries and dotted lines packet boundaries. The shaded area to the top left is encoded in
The overall rate of the bitplane count subpackets in the shaded/ateas is computed once for all packets g
h encoded with the bitplane count coding mode D[p,b] and\D [p,s] as given (top row) and once in ra
1 (bottom row). Areas over which the rate is summed®areé defined in such a way that the raw mo
Kistent with the condition specified in subclause C.3. The bitplane count coding modes D[p,b] and ra
e flags D [p,s] in a codestream are populated in such*@way that the rate in any of the shaded areas is ng
b rate of the same area in the bottom row. A trivial, but suboptimal way to satisfy this constraint wou
[p,s]=1 for all packets.

Bitplane count mode selection for R,=1

R;=1, the bitstream shall be constyucted in such a way that that for all bands b and all lines 4, t
izes of all bitplane count subpackets and significance subpackets contributing to b in line A is

ly: Let L, [p,s] and L, [p;s] be defined as in subclause C.5.3.2.

acket s:

ot [P S] Cnt [p S]+L51g [p S]

Let th(f W

e as the sum of all sizes of eficoding the bitplane count of the same subpackets in the raw modg.

A single
hdaries,
a single
overing
v mode
e flags
w mode
tlarger
1d be to

he sum
ht most

h

ot [D,S] be the suinof sizes of all bitplane count and significance subpackets contributing to precinct

s in the

[p,s] be the amount of bytes required to encode the bitplane count of precinct p and packet

raw coding mode:

M L{pbLEIp b, A ,S|XNgg [p,b]XB,

sl ) z :

Then, the codestream shall be constructed in such a way that for all p and s, L'ltot [p,s]< < [braw [p,s] holds.

tot
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C.5.3.4 Validation algorithm for bitplane count and raw mode override selection

Table C.7 specifies an algorithm that checks the validity of the encoding of a precinct p by checking the

above condition for all bands b in p:

Input: Precinct index p

Output: An indicator valid that is 1 in case the precinct mode selection is valid, or 0 in case it is invalid.

Table C.7 — Testing the validity of a precinct encoding

Name

Notes

is _endqoding valid(p) {

valid=1

Assume validity

if (Ry=0) {

Check for packet-based raw-mode switch

for {b=0;b<N;;b=b+1) {

Loop over all bands of the precinet

raysize=0

Number of bits required to encode this band ir] raw
mode

byflesize=0

Number of bytes

for(s=0;s<Npc;s=s+1) {

Loop over all packets\in the precinct

fqr (A=Ly[p,b]; A<L, [p,b]; A=A+1) {

Loop over all lines)in the band

If(I[p, A, b,s]) {

Include only if the band b is present in the given pack-
et s, line afd precinct, see subclause B.7.

bytesize = bytesize + L., [p,s]

Include number of bytes required for bitplane fount
coding

bytesize = bytesize + ng[p,s]

Include number of bytes required for significaphce
goding

for(b’=0;b’'<N;;b’= b’+1) {

Loop over all bands that contribute to the samp pack-
et sband b is part of

if(I[p,A,b",s]) |

Only if band b’is included in the same subpacket

rawsize = rawsize + B, xN.4[p,b’]

Reserve B, bits per included bitplane count for]
each line in this precinct. N.[p, b’] is specified|in
subclause B.8.

End of band b’is included in subpacket s

End of loop over bands b’

End of if line included

End of loop over lines

End of loop over subpackets

if {bytesize > Axgdwsize/87) {

Check buffer limit condition

vd1id=0 Invalid if buffer size constraint violated
} End of check whether bitrate constraint is satigfied
} End of loop over bands
} elged End of band-based raw-mode switch, start of gack-

et-based switch.

for(s=0;s<Npc;s=s+l) {

Loop over all packets in the precinct

rawsize = 0

bytesize = L, [p,s] + Lgiglp,s]

Include number of bytes required for bitplane count
coding and significance coding

for (b=0;b<N;;b=b+1) {

Loop over all bands of the precinct

for (A=Lg[p,b];A<L;[p,b]l;A=2+1) {

Loop over all lines in the band

if(I[p,A,b,s]) {

Only if band b is included in the subpacket
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Table C.7 (continued)

Name

Notes

rawsize = rawsize + B xN_ /[p, Db]

subclause B.8.

Reserve B, bits per included bitplane count for
each line in this precinct. N.[p, b] is specified in

End of check for band inclusion

End of loop over lines

}

End of loop over bands

if (bytesize> [rawsize/81) {

Check buffer limit condition

vgl1id=0 Invalid if buffer size constraint violated
}
} End of loop over all packets
} End of line-based raw-mode switch
}
C.5.3.5 Bitplane count subpacket syntax
Table (.8 specifies the syntax of the bitplane count subpacket depending-onD[p,b] and D [p,s] and gives

referer]ce to the corresponding subclauses.
NOTE The number of filler bytes at the end of the bitplane count subpacket can be inferred from the L_,[p,s] field
of the ppcket header.
Input: precinct and packet whose bitplane counts are to be decoded, significance flags Z[p,A,b,x] of the line
and precinct if significance coding is enabled.
Output: Bitplane counts M[p,A,b,g] in all bands of the précinct p and packet s.
Table C.8 — Syntax of the bitplane count subpacket
Name Notes Size Ref¢rence
unpack| bitplane count (p,s) {
for (b0 ; b<N;;b=b+1) { Loop over all bands
for (P=Lg[p, bl ;A<L;[p,b];A=A+1) ¢ Loop over all lines of this band
if(Ilp, A, b,s]) { Include only if the line is present in the
given band and packet, see subclause B.7.
if[(D [p,s]==1) { Detect whether raw coding is enabled for
this packet
unpack raw (p,b, 297 Decode with the raw coding mode Variable Subclause C.6.4
} lse if ((D[gPDY & 1) == 0) { Select the bitplane count coding mode
unpack nopred(p,b,A) ; No prediction with or without sig-flags Variable Subclause C.6.6
} lse {
unpack{vertical (p,b,A); Vertical prediction with or without sig- Variable Subclause C.6.5
flags %
} End of bitplane count coding mode selec- :
tion
} End of if line is present in subpacket and
band
} End of loop over lines
} End of loop over bands
Padding Pad to the next byte boundary pad(8)
filler bytes Arbitrary number of filler bytes fill()
}
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Data subpacket

Table C.9 specifies the syntax of the data subpacket. This subpacket includes the coefficient data of all
significant code groups of a given precinct and line within a precinct. It also requires the bitplane count of

each code group and the truncation position of each band.

NOTE

The number of filler bytes at the end of the data subpacket can be inferred from the L4, [p,s] field of the
packet header.

Input: precinct and packet whose coefficient data is to be decoded, bitplane counts of all code groups of all
bands of the given line and precinct, truncation positions of all lines and bands of the given precinct and
line. The truncation positions T[p.b] are computed from the information in the precinct header s

ecified

in sub

subclayse C.6.2.

Outpu
packin
packet

o
=]
S.

Table C.9 — Syntax of the data subpacket

lause C.2 and the weights table specified in subclause A.4.6 according to the algorithmygiven in

[: Quantization index magnitudes v[p,A,b,x] in all bands of the precinct p and packet-s, and| if sign
is disabled, additionally wavelet coefficient signs s[p,A,b,x] of all bands in the given precindt p and

Name

Notes

Size

Vlalues

unpacH

_data(p,s) {

for (4

=0;b<N,;b=b+1) {

Loop over-all bands of the
precinct

for

A=Ly[p, bl ;A<Ly[p,b]liA=A+1) {

Loop.over all lines of this
band

if

Ilp, A Db,s]) |

Include only if the line is
present in the given band and
packet, see subclause B.7

fq

r(g=0;g<N.4[p,b];g=g+l) {

Include data for all groups in
this precinct and line.

f

or (k=0; k<Ng; k=k+1) {

Iterate over all members of
the code group

v[p,A,b,Nng+k] =0

Reset quantization index
magnitude

End of loop over code groups

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

Include only signs if a non-ze-
ro number of bitplanes is
included

if(Fs == 0) {

Check whether the sign sub-
packet is disabled

for(k:O;k<Ng;k:k+1) {

Loop over all members of the
code group. The definition of
the group size N, is specified
in subclause B.8

s[p,A,b,Noxg+k]

Sign bit of the coefficient in

u(1)

0,1

the current band, line and
group

}

End of loop over coefficients

}

End of sign inclusion

for (1=M[p,A,b,g]-T[p,bl-1; 120;i=1-1) {

Loop over all bit positions

for(k:O;k<Ng;k:k+l) {

Loop over all members of the
code group
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Table C.9 (continued)

Name

Notes

Size

Values

Binary data of the quantiza-
tion index magnitude in the

precinct, line, band and group

u(l)

0,1

V[p,A,b,Nng+k]:v[p,A,b,Nng+k]+(d<<i)

Set the corresponding bit in

nitude

the quantization index mag-

End of loop over code group
members

End of loop over bitplanes

End of non-zero number of
bitplanes included

End of loop over code groups

in subpacket

End of line and band included

}

End of loop over lineg

}

End of loop over bands

padding

Pad to the nextbyte bound-
ary

pad (8)

filldr bytes

Arbitrarynumber of filler
bytes

£i11 ()

C.5.

Table (
coeffic
presen

NOTE 1

5 |Sign subpacket

packet header.

Input:

and subpacket.

Output:
coeffic

Table C.10 — Syntax of the sign subpacket

.10 specifies the syntax of the sign subpacket:“This subpacket includes the sign informatiop of all
ents of all code groups of a given precinct and line within a precinct. This subpacket shall
[ if the sign packing flag Fs specified in subclause A.4.3 is set to 1.

bnly be

The number of filler bytes at the end of the sign subpacket can be inferred from the Lsgn[p,s] field of the
precinct and packet whose sign data is to be decoded, decoded coefficient magnitudes of the precinct

array of signs s[p,A,b,x%| of all bands in the given precinct and packet, coefficient array of all
ents in the precinct and‘line.

magnitude

Name Semantics Size Values
unpacl signs(pys) {
for (4=0;b<; ; b=b+1) { Loop over all bands
for (Aq4Lgll, 1 A<L; [p, bl ;A=A+1) | Loop over all lines of this band
if(Ilp,A,b,s]) | Include only if the band is present in the
given line and packet, see subclause B.7.
for (g=0;9<N.4[p,b]ig=g+1l) { Include data for all groups in this precinct
and line. See B.8 for a definition of Ncg.
for (k=0; k<Ng;k=k+1) { Iterate over all members of the code group.
if(vIp,A, b, Nyxg+k] 1=0) | Only include sign information if the quanti-
zation index magnitude is non-zero
s[p,),b,Nyxg+k] Sign bit of non-zero quantization index u(l) 0,1
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Table C.10 (continued)

Name Semantics Size Values

} End of non-zero code group

End of loop over coefficients

End of loop over groups

}

End of line and band included in subpacket

}

End of loop over lines

}

End of loop over bands

Padding Pad to the next byte boundary pad(8)
fillgqr bytes Arbitrary number of filler bytes £111()
}

NOTE 2| As the data subpacket always transmits coefficients in groups of 4, it can happen that it jncludes
meaningless coefficients near the right edge of a wavelet band. By the above table, the sign subpacket inclugles sign
bits even for such meaningless coefficients whenever they are non-zero. It is advisable, though hot necessary, [to force
such mg¢aningless coefficients to 0 at the encoder side.
C.5.6 | TDC subpacket
Table (.6 specifies the syntax of the TDC subpacket. This subpacket‘ificludes for every TDC sqlection

group pf code groups one bit that identifies whether all coefficientigroups in the TDC selection group
are terpporally predicted. A set bit indicates TDC such that decoded wavelet coefficient residuals|can be
predicfion corrections relative to the content of the frame buffef, sSeée Annex H, in particular subclayse H.4.
This sybpacket is optional. It is only included if I >0, i.e. if thepacket is part of a TDC enabling slige. See
subclayise A.4.13 and A.4.15 for the specification of the slice headers.
NOTE The packet header does not include the size of the.FDC subpacket, it can be inferred from the siZe of the
includefl bands b, and the D;[p,b] flags of the bands of precinct p.
Input: [Precinct p and packet s whose TDC selectionflags are to be decoded.
Output: TDC selection flags Y[p,A,b,k] of all TDC selection groups and all bands of the given precingt p and
packetlfs.
Table C.11 — Syntax of the TDC subpacket
Name Semantics Size Values
unpacl tdc flags(p,s) {
for (§=0;b<N ;b=b+1) { Loop over all bands
1f(; [p,b]==3) { Include TDC selection flags only if
enabled in the precinct header, see
subclause C.2.
for {A=L,[R,BV; A<L; [p, bl ;A=A+1) { Loop over all lines of this band
if(I[pi X b,s]) | Include only if the line is present
in the given band and packet, see
for (k=0;k<N; [p,b];k=k+1) { Loop over all TDC selection groups of
this precinct, band and line. A definition
of Ni[p,b] is given in subclause B.10.
Y[p,A,b,k] TDC mode of this TDC selection group  |u(1) 0,1
} End of loop over TDC selection groups
} End of line included
} End of loop over lines
} End of TDC selection flags enabled
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Table C.11 (continued)

Name Semantics Size Values

}

End of loop over bands

padding Pad to the next byte boundary pad(8)

}

C.6 Bitplane count decoding

Vertica

NOTE

C.6.2

coding
lags to

lane count decoding process requires furthermore the truncation positien T{p,b], which defines the

Y

Computation of the truncation position

e at which transmission of coefficient data stops, and hence indirectly<determines the quantization
step size. The computation of the truncation position is specified in subclause\C.6.2.

| prediction modes also require access to the bitplane counts Mtop[p,A,b,g] and truncation position
Tioplp] of the line directly above the current line within the same band. The computation of M|
and T,,

p,A,b,g]

[p,b] is specified in subclause C.6.3. The codestream shall be’constructed in such a way that yertical
prediction is never selected as bitplane count coding mode for the:topmost lines of the topmost preci
slice or|the image.

nct of a

The above requirement ensures that wavelet coefficients within different slices can be decoded
indeperjdently of each other.

Table (.12 specifies the computation of the trtuncation position T[p,b] of band b and precinct p from the

precing

t quantization q and precinct refitement r, both specified in the precinct header specified in

subclaitse C.2, and the band priority Pfb|\defined by the Weights table specified in subclause A.4.14 or the

Refres

For the purpose of Annexes C and D, the truncation position T[p,b] shall be computed as follows:

T[g,b]=compute_trunéation(b,Q[p],R[p],D;[p,b])

where
decode
the pre
the pre

Input:

b is the band-index, Q[p] is the quantization of precinct p and R[p] the refinement of pre
d from the precinct header as specified in subclause C.2, and D;[p,b] is the TDC mode decode
cinct header as specified in subclause C.2. If I = 0 indicating a slice that does not use TDC aJ
cinet\teader does not signal D;[p,b], the inferred value of D[ p,b] shall be 0.

Band index h’ prnr‘inrf index D, prnr‘inrf q1mn1’i7nfinn q, prnrinrf refinement rand TDC mode

Weights table specified in subclause A.4.13. The truncation position T[p,b] is required for multiple
inversq prediction processes as well\as for the inverse quantization defined in subclause D.1.

cinct p,
d from
nd thus

, band

gains G[b],G.[b] and band priorities P[b], P.[b].

Output: Truncation position of band b in precinct p with quantization q and refinement r in TDC mode d..
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Table C.12 — Computation of the truncation position

Syntax Notes
compute truncation(b,q,r,d) {
£(d!i=1) { Check whether the regular tables are to be used
p=P[b] Use priority from regular Weights table
g=G[b] Use gain from regular Weights table
} else {
p=P,[b] Use priority from Refresh Weights table
g=GL [bl llco gdin fraom Rofroch ‘/\Icn'g]'\fc tahlo
}
if (pqr) | Compare the priority as specified in the selected wejfights
table with the refinement threshold r
s =11 An additional bitplane is included for bands with priorities
below the refinement threshold
} elde {
s =10 No refinement otherwise
}
retuyn clamp(gq-g-s,0,255-1) Compute the truncatiémyposition as the precinct qugntiza-
tion minus the band.gain from the selected Weights [Table,
minus the number{of additional refinement bitplanep, then
clamp to the yalid range.

}

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

predig¢tor

Verticdl prediction modes require an entire row .of’bitplane counts above the current line as the source of

the prddiction. In addition, the truncation positien of the line above is also required. The codestream shall

be constructed in such a way that vertical prediction is not selected at the first line of a slice, and hence in
particylar not at the top of the image.

The prpcess specified in Table C.13 computes from a given precinct p, line A and band b the corresponding

verticall predictor M, ,[p,A,b,g] and\the vertical truncation predictor T, p,)\ b,g For that, it requires the

first line Ly[p,b] and tﬁe last line"E;{p,b] of band b and precinct p, where E b] and L,[p,b] are spediified in

subclauise B.6.

Input Precinct index p, line'index A, band index b, bitplane counts M[p,A,b,g] of precinct p and predinct p-
px, figst line Ly[p,b] addlast line L;[p,b] of band b of precinct p. Let s, be the vertical subsampling factor
syli] ofthe componentthe band b is part of.

Output: Verticahpredictors M,,,[p,A,b,g] of all code groups g of precinct p, line A and band b; trupcation

positiop predietor T, ,[b,p]

NOTE Vertical prediction cannot be selected at the start of the slice, and hence at the top of the image. Hence, the

a]gorit}' meds cppr‘ifipd here almmyc accesses hifp]nnp countswithin the current slice and within the image
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Table C.13 — Computation of the vertical bitplane count predictor

Syntax Notes
compute predictor(p,b,A) {
for (g=0;g<N_4[b];g=g+l) { Loop over all code groups of this band
1f (A-s,<Lylp,bl) { Check whether the given line is the first line of the band in
the precinct
Migp [Py A, b, g1 =M[p-N, ,, L, [p,b]-s,,b,g] Predict from the last line of the precinct above if A is the top
line of the band in the precinct
} else {
Mo [P, A, 0, g]=M[p, A5, Db, g] Predict from the line above A if this line is still in the fame
precinct
}
} End of loop over all code groups
if (Msy<Lolp,bl) | Check whether the given line is the first]lihe of the band in
the precinct
Tiop P,/ 0I=T[p-N, ., b] Predict from the precinct above-if ¥is the top line of the
band in the current precinct
} elde {
TioplP,0]=T[p,Db] Predict from the line aboye if still in the precinct, see

subclause C.6.2

C.6.4 |Bitplane count decoding for the raw mode

The syptax of the bitplane count subpacket specified*in this subclause is selected if D [p,s] in the|packet
header|is 1, indicating the raw mode. The bitplane-tount subpacket contains in this case bitplane|counts
M([p,A,b,g] directly, using B, bits per code group. Table C.14 specifies the decoding of the bitplane counts in
the raw mode.

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

Output: Bitplane counts M[p,A,b,g] for all other code groups g of precinct p, band b and line A.

Table C.14 — Raw mode

Name Notes Size Valules

unpacl raw(p,b,A) {

for (gq0;9<N_4[p,blsg7g+l) | Include predicted bitplane counts for all code
groups. N, is specified in subclause B.8.
M[g,A,b,g] Bitplane count encoded in B, bits u(B,) 0-(258r-1)
} End of loop over code groups

C.6.5 Differential bitplane count decoding for vertical prediction

The syntax of the bitplane count subpacket specified in this subclause is selected if the bitplane count
coding mode D[p,b] in the precinct header indicates vertical prediction and the raw mode override flag
D.[p,s] in the packet header is 0. Table C.15 specifies how to decode bitplane counts in the vertical mode.
The bitplane count subpacket contains in this case bitplane count prediction residuals which are used to
recover the bitplane counts from the residuals by inverse vertical prediction. The codestream shall always
be constructed in such a way that the bitplane counts M[p,A,b,g] are between 0 and (257-1).
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Input: precinct index p, band b and line index A whose magnitude data is to be decoded, significance
information of the precinct and line whose magnitude information is to be decoded. Significance flags
Z[p,A,b,g] in case significance coding is enabled by the bitplane count coding mode D[p,b].

Output: Bitplane counts M[p,A,b,g] for all code groups g of precinct p, band b and line A.

Table C.15 — Vertical mode

Name Notes Size Values
unpack vertical (p,b,2) {
compute predictor (p,b, ) Compute the prediction values, see
subclause C.6.3
for (gq0;9<N_4lp,blig=g+l) { Include predicted bitplane counts for all code
groups. N, is specified in subclause B.8.
t =[max(T[p,bl, Toxlp,b]) Compute effective truncation position for
prediction
Mo | = max (M, [p, A, b,g],t) Compute predictor
if ((O[p,b] & 2)==0 || Decode prediction residual only if either
zip, ), b, Lg/s.11==0) 1{ significance information was not included,
or the corresponding significance group was
signalled as significant
Am=ylc (mtop, T[p,bl) Decode prediction residual encoded with Vlc(mtop,T[p,b])
variable length code
} else {
if{Rm == 0) { Test the run mode
Ant=0 Non-significant groups haye a zero bitplane
count prediction residual.
} dlse {
An=T [p, b]-m Non-significantgroups have a bitplane count
of T[p,b].
} End of runhode selection
} End.of fest on significance of code group
MlpAa,b,g] = me+Am Predict from m,,, 0-(25r-1)
} End of loop over code groups
}
C.6.6 |Variable length bitplane count decoding without prediction
The syhtax of the bitplane count subpacket specified in this subclause is selected if D[p,b] in the precinct
header|indicates naprédiction and the raw mode override flag D [p,s] in the packet header is 0. Tahle C.16
specifies how to-decode bitplane counts in the no-prediction mode. The bitplane count subpacket cpntains
in this case vatiable length encoded bitplane counts. The codestream shall always be constructed in such a
way thht thébitplane counts M[p,A,b,g] are between 0 and (257-1).

Input:

information of theprecinc and ln whose agnitude infoatio i t be deodd. Sgificnce flags
Z[p,A,b,g] in case significance coding is enabled by the bitplane count coding mode D[p,b].

Output: Bitplane counts M[p,A,b,g] for all code groups g of precinct p, band b and line A.
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Table C.16 — No-prediction mode

Name Notes Size Values

unpack nopred(p,b,A) {

for(g=0;9<N_4[p,blig=g+l) { Include predicted bitplane counts for all code
groups. N, is specified in subclause B.8.
Miop = Tlp,Db] Set predictor to the truncation position
if ((D[p,b] & 2)==0 || Decode prediction residual only if either
Zlp, A, b, Lg/s.11==0) { significance information was not included,

or the corresponding significance group was
signalled as significant

Am=v]c (mtop, T[p,b]) Decode prediction residual encoded with vlc(mtop,T[p,b])
variable length code
} else {
Amg0 Non-significant groups have bitplane count
T[p,b].
} End of significance included
m = |m,+Am Predict from my,,
Mlp/)A,b,g] = m 0-(28r-1)
} End of loop over code groups

} End of test on significance of code group

C.7 Elementary variable length coding and decoding primitives

C.7.1 |Variable length decoding primitive

Table (.17 specifies the variable length decoder vlc()“primitive which decodes a signed quantity in the
contexf (1,t) of a predictor r and a truncation positieirt. This coding primitive is used throughout thislannex.
A codeptream shall not contain more than 2Br+1.{*bits as input for the vlc decoder, where B, indicqtes the
numbe} of bits in raw coding as indicated in«the picture header, see subclause A.4.4 for details. Deftecting
such a|condition indicates that the decodex-has lost synchronization with the source. This establighes an
error cpndition whose handling is beyond:the scope of this document.

Input: A predictor rand a truncation pesition ¢, the number of bits to encode a bitplane count in raw njode B..

Output: a signed quantity.

Table C.17 — Decoding a signed quantity with vlc

Syntax Semantics Size | Values
vic(r,t) {
6=may (r-t, 0) Compute the threshold for the alphabet switch
n=0 Reset the bitcounter
do {
b Read the next bit from the codestream u(l) |01
if (b) |
n=n+1 Count the number of 1-bits
}
} while(b && n < 2Brfl) Repeat as long as 1-bits are found in the stream
if(n > 2Br+l) {
error () A codestream shall not contain more than 32 consecutive
1-bits for B,=4 and no more than 64 consecutive 1-bits
for B.=5.
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Table C.17 (continued)

Syntax

Semantics Size

Values

}

if(n > 2x0) {

Check whether this is the unary sub-alphabet

return n-6

If so, decode unary subalphabet

} else if(n > 0) {

Check for non-zero symbol, signed sub-alphabet

if(n & 1) { Check for an odd codeword
return —[n/2] Return a negative value for odd codewords
} else {

retyrn |n/2]

Return a positive value for an even codeword

}

} elde {

retyrn 0O

Return zero for a zero codeword

}

}

C.7.2 |Variable length encoding primitive

Table (.18 provides guidance on the implementation of an algorithm that inverts the vic() decoder prjimitive
and enfodes a signed quantity x in the context of a predictor r and a-truncation position t.

Input: |A predictor r, a truncation position t and a signed quantity ¥'to be encoded.

Output: a sequence of bits encoding x given the context consisting of r and t

Table C.18 — Encoding a signed quantity with vlc

Syntax

Semantics

vlc_erfcode (x,r,t) {

Encode)x in the context of rand ¢t

6 = nax(r-t,0)

Compute the threshold for the alphabet switch

if(x|> 6) {

Check for the unary sub-alphabet case

n=|x + 6

Compute the number of 1-bits to write in the unary case

} elge { Instead in the binary sub-alphabet case
X =|x x 2 Reserve two bits per symbol in the binary sub-alphabet
if( < 0) |
ng-x -1 Encode negative numbers with an odd number of bits
} else {
n g x Encode positive numbers with an even number of bits

End of binary alphabet coding

for (4=0/i<n;i=i+1) {

Write out a sequence of n 1-bits

out (1) Write out a single 1-bit
} End of loop writing 1-bits
out (0) Write out 0 as the comma bit
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Annex D
(normative)

Quantization

D.1 General

Inversg¢ quantization computes the wavelet coefficient residuals c[p,A,b,x] in all precincts p, linesA/4
and pogpitions x from the decoded quantization index magnitudes v[p,A,b,x] and their signs s[p,A\bX].
quantifation is controlled by the truncation position T[p,b] which depends on the precinct and band,
bitplane count M[p,A,b,g] of the code group the quantized wavelet coefficient is part of. The truncation T[p,b]
position shall be computed according to subclause C.6.2.

This d
Qpin €lg

NOTE
residua

D.2 1

Table I
if the (
of all 1
quanti

Input:

cument offers multiple inverse quantization processes, the selection of which is controlled
ments of the picture header, see subclause A.4.3 for details.

In case the codestream does not use TDC and thus does not depend on a frame buffer, the wavelet co
s c[p,A,b,x] are identical to wavelet coefficients c’[p,A,b,x]. For details, seeAnnex H.2.

nverse deadzone quantization

).1 specifies the inverse deadzone quantization process, The inverse deadzone quantizer is s
»in €lement of the picture header is 0. The zero bueket of the deadzone quantizer is twice t
pgular buckets, and the reconstruction point of this quantizer is in the middle of each buck
ration bucket size is given by the truncation position T[p,b] of the precinct p and band b.

Precinct index p, line index A, band index-bytruncation positions T[p,b] of this precinct an

bitplarjg counts M[p,A,b,g] of the precinct, line-and band and quantization index magnitudes v[p,A,1

their si

Outpu

ns s[p,A,b,x].

[: Wavelet coefficient residuals ¢fp;4,b,x]

Table D.1 — Inverse deadzone quantization

ands p
nverse
hnd the

by the

pfficient

elected
he size
et. The

1l band,
,x] and

Syntax Notes
deadzdne dequant (p, A, by f
for (4=0; x<W,, [p,b] ; x=x*+1) { Iterate over all wavelet coefficient residuals of
band b in precinct p
g =|x/n,J Compute the code group index from thelwave-
let coefficient residual position
1f (Mlp, Avpergl>T[p,b] && vip,A,b,x] = 0) { Check whether a non-zero number of bifplanes
is included in this code group and whether the
wavelet coefficient residual is non-zero
r= (1 << Tlp,bl) > 1 Compute the reconstruction point
o = 1-2s[p,A,b,x] Compute the sign of the reconstructed wavelet
coefficient residual
clp, A, b,x] = ox((vlp,A,Db,x]<< T[p,b]) + 1) Reconstruct the wavelet coefficient residual
} else { No bitplanes included or wavelet coefficient
residual is zero
clp,2,b,x] =0 Set to zero
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Table D.1 (continued)

Syntax Notes

ro wavelet coefficient residual

End of test for sufficient bitplanes and non-ze-

End of loop

D3 1

nverse uniform quantization

Table
the Q)
is dete
uniforr

Input:

'mined from the truncation position T[p,b]. Compared to the inverse deadzone quantizer;the
h quantizer requires an additional scaling step.

Precinct index p, line index A, band index b, truncation positions T[p,b] of this precinct an

counts M[p,A,b,g] of the precinct, line and band and quantization index magnitudes v[p,A,4

).Z specifies the inverse uniform quantization process. The inverse uniform quantizer is sel¢cted if
element of the picture header is 1. The uniform quantizer uses all equally-sized bucketsiwhgse size

nverse

1 band,
,x] and

bitplanfe
their sragns s[p,A,b,x].

Output: Wavelet coefficient residuals c[p,A,b,x]

NOTE

The bucket size of the uniform inverse quantizer is given by A=

2M+1

——— . The reconsftruction
oM+1-T _4

procedure as given by this subclause is identical to the multiplication ef@xv[p,A,b,x] with A within the limifs of the

. . .. . ) X 1 oo —k
implempntation precision. This can be seen from the Neumann. series =—=Z X
x-1 1-1/x k=0

While

multiplication with A can also be carried out explicitly, readers should be aware that a single-precision floating point
implempntation of the above formula will typically generate qesults different from the algorithm in the followipg table

and is hlence not acceptable.

Table D.2 — Inverse uniform quantization

Syntax

Notes

unifodm dequant (p,A,b) {

for(>=0;x<wpb[p,b];x=x+l) {

Iterate over all wavelet coefficient residuals of
band b in precinct p

g =|x/n,J Compute the code group index from thelwave-
let coefficient residual position
if (Mlp,A,b,g] > Tlpbh s vip,A,b,x] = 0) | Check whether a non-zero number of bifplanes

isincluded and whether the wavelet cogffi-
cient residual is non-zero

c g 1-2s[p,Avhyrx]

Compute the sign of the reconstructed yavelet
coefficient residual

© F vipyarb, x]<<T[p,Db]

Get zero-order approximation

< b M[pr}\rbrg] - T[plb] + 1

Extract the scale value

for(p =07 @ Uus ¢ = ¢ (G Sum over the Neumann series
p=pPteo Sum up partial terms

}

clp,2,b,x] =0 x p Insert the sign and reconstruct the wavelet
coefficient residual

} else { No bitplanes included or wavelet coefficient

residual is zero

clp, A, b,x] =0 Set to zero
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Table D.2 (continued)

Syntax Notes

ro wavelet coefficient residual

End of test for sufficient bitplanes and non-ze-

End of loop

D.4 Deadzone quantization

Table ]]
with th

Input:

bitplane counts M[p,A,b,g] of the precinct, line and band and wavelet coefficient residualss[p,A,b,x].

).5 provides guidance on the implementation of a deadzone quantizer whose output 1S com
e normative inverse deadzone quantization procedure specified in subclause D.2.

Precinct index p, line index A, band index b, truncation positions T[p,b] of this precinct an

patible

1 band,

Output: Quantization index magnitudes v[p,A,b,x] and their signs s[p,A,b,x]
Table D.3 — Deadzone quantization
Syntax Notes
deadzdne quant (p,A,b) {
for (4=0; x<W, [p,b];x=x+1) { Iterate over all wavelet coefficient residuals of band b in
precinct p
1f(qlp,A,b,x] < 0) | Test for the Sign of the wavelet coefficient residual
slg, 2, b,x] =1 Wavelet coefficient residual is negative
vig, A, b,x] = (-clp,A,b,x])>>T[p,Db] Compute the amplitude from the wavelet coefficient yesid-
ual
} else {
slg,2,Db,x] = 0 Wavelet coefficient residual is positive
vig,2, b, x] = clp,A,b,x]1>>T[p,Db] Compute the amplitude from the wavelet coefficient yesid-
ual
} End of the sign check of the wavelet coefficient residyal
} End of loop
}
D.5 Uniform quantization
Table [).4 provides guidance on the implementation of a uniform quantizer whose output is compatible with
the noifmative inverse uniform quantization procedure specified in subclause D.3.
Input: |Precinetiindex p, line index A, band index b, truncation positions T|[p,b] of this precinct andl band,
bitplane counts M[p,A,b,g] of the precinct, line and band and wavelet coefficient residuals c[p,A,b,x].
Output:Quantization indexmagnitudesv|p A b x] and and their signs-slpA b
NOTE The procedure given here is equivalent to mid-point quantization of a scalar quantizer with
M+1
2
bucket size A=——F—F7.
HM+1-T _q
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Table D.4 — Uniform quantization

Syntax

Notes

uniform quant (p,A,b) {

for(x=0;x<wmjp,b];x=x+1) {

Iterate over all wavelet coefficient residuals of band b in
precinct p

g = lx/n,J

Compute the code group index from the wavelet coefficient
residual position

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

Does the wavelet coefficient residual contain sufficient bit-
planes?

7 PV 1 2 L 1
IV r Ay &rdgl LEr &Vl

He

E)&Ll dCLl Llle dele valuc

if{clp, 2, b,x] < 0) {

Test for the sign of the wavelet coefficient residual

sle, 2, b,x] =1 Wavelet coefficient residual is negative

df= -clp,2,b,x] Compute the amplitude from the wavelet coefficient rejsidual
} dlse {

slp,2,b,x] =0 Wavelet coefficient residual is positive

dl|= clp,A, b, x]

Compute the amplitude from thewavelet coefficient refsidual

End of sign check

M[p,A)b,9])) >> (M[p,A,b,g]+1)

vig,Ab,x] = ((d << ) - d +

(1 << Quantize and round to nearest

} else { No bitplanes includedfor this wavelet coefficient residpal
s[g,b,A,x] =0
vig,b,A,x] =0 Quantize to zero

End of checkfor number of included bitplanes

End of leop

D.6 Bitplane count computation

Table [J.5 provides guidance on the computation of the bitplane counts M[p,A,b,g] from the wavelet coeffficient
residudls c[p,A,b,g]. The bitplane counts M[p,A,b,g] are input to the uniform or deadzone quantization and

are endoded in the bitplane count subpacket of the precinct p.

Input: |Precinct index p, line index/A, band index b, truncation positions T[p,b] of this precinct and bgnd and

waveleft coefficient residuals-c[p/A,b,x].

Output: Bitplane counts'W{p,A,b,g] of precinct p, line A and band b.

Table D.5 — Bitplane count computation

Syntax

Notes

compufle bitpiane counts (p,A,b)

{

for (g=0;g<NCg [b];g=g+1l) {

Iterate over all code groups of the band b

Set the maximum of the wavelet coefficient residual amplitude to
Z€ero

for (k=0; k<Ng; k=k+1) {

Iterate over all members of the code group

X = Ng><g+k

Compute position of the quantized wavelet coefficient residual

1f (x<Wyy, [p,b]) |

Test whether the position is within the band

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

Test for the sign of the wavelet coefficient residual

if (-clp, A, b, x]>V

max) {

Check for a new maximum

V, = _C[pl}\lblx]

max

Update the maximum of the wavelet coefficient residual ampli-
tude
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Table D.5 (continued)

Syntax

Notes

}

End of test for a new maximum

} else {

if(clp, N, b, x]>v

max) {

Check for a new maximum

Vmax =

C [pIAIbIX]

tude

End of test for a new maximum

n=0;v, . .>0;v ., = Vp.>>1)

max

{

Loop over bitplanes of v, .,

m+1

Include an additional bitplane

End of loop over bitplanes of v,

M[p/)A,b,g] = m

Install bitplane count

End of loop over all code groups
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Annex E
(normative)

Discrete wavelet transformation

E.1 General

In this
that alt

NOTE 1
1SO/IE(

this anfex interleaved with the entropy decoding steps of Annex C and the inverse quantization steps of A

The alg
availab

This ar
the inv

NOTE 2
codestr
are ider]
see Anil

E.2 Discrete inverse wavelet transformation

The alg

as input and transforms them by inverse wavelettransformation into the sample values O[k,x,y].

Input:

Outpu

anney, the flow charts and tables are normative only in the sense that they are definingyan
ernative implementations shall duplicate.

In order to achieve a low-latency requirement and to conform to one or multiple profiles spec
21122-2, decoder implementations would need to run the inverse wavelet transformation’steps spe

brithms given in this annex assume for the ease of presentation that all wavelet cogefficients of an im
e entirely.
erse discrete wavelet transformation used to reconstruct the component.

The algorithms specified in this annex operate on the wavelet coefficients c¢’[p,A,b,x]. In ¢
eam only uses the intra-coding mode, i.e. does not depend on a frame buffer, the wavelet coefficients ¢’

tical to the wavelet coefficient residuals c[p,A,b,x] which are thé.output of the inverse quantization. Fol
ex H.7 which specifies in detail how to obtain c¢’[p,A,b,x] from ¢[p,A,b,x] in general.

orithm specified in Table E.1 takes the wavelet coefficients c¢’[p,A,b,x] of all precincts, lines anc

Wavelet coefficients c¢’[p,A,b,x] of all precincts, all lines, all bands for all positions.

[: Inversely wavelet transformed sample values O[k,x,y]

Table'E.1 — Inverse wavelet transformation

output

ified in
rified in
nnex D.
age are

nex describes the forward discrete wavelet transformation applied.to ene component and specifies

ase the
|p,A,b,X]
details

| bands

Syntax Notes

inverd

e transformation(iy™

for (H

=0; k<N_; k=k+1) ] LOOp over components

reoq

der_coeffigerits (k) Rearranges components from all p
cincts into a rectangular grid

in (N’ el X1, N7 [k])) Compute number of initial horizon
transformations to perform

tal

for

de=N" 1 ,[k1;d,>D,;d,=d,-1) { Loop over horizontal decompositi

n

levels

hor transform (k, Ldefer,Ly[k] , LLdX,N’Ly[k] s HLgy s N’ Ly [] )

Horizontally transform the LL g, y1y1x
and HLg, vy, bands of component
into the LL gy 1, 51511 band of component
k. The output band is a temporary band
that is only required for the inverse
wavelet transformation

}

End of the horizontal decompositions

for (d=D,;d>0;d=d-1) {

Loop over the horizontal and vertical
decomposition levels
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Table E.1 (continued)

Syntax

Notes

hor_transform(k,LLy_q, 4, LLg, g HLgs4)

Horizontally transform the LL; ; and
HL; ; bands of component k into the LL ;.
vd band of component k. The output band
is a temporary band that is only required
for the inverse computation of the wave-
let transformation

hor_ transform(k,LHg 1, 4, LHy 4, HHg, 4)

Horizontally transform the LH, ; and

HH, sbands of component k into the LH,.
]r\')nr] of rnmpnnnnf I The r\nfnnt band

ll
is a temporary band that is only required
for the inverse computation of thewave-

let transformation.

Vey transform(k,LLgy q, g-1,LLg-q,qsLHg 1, 4)

Vertically transform the LL;; ;bapd

and LH;, ;band of cgmponent k injto the
LLgjq g1 band of coinponent k. The putput
band is a temperary band that is oply
required forrthe inverse computatfon of
the wavelértransformation.

End offherizontal and vertical decompo-
sitions

assign_output (k, LLj )

Assign the output of component k fo the
values of the temporary band LL,

End of loop over components

E.3 (oefficient reordering and scaling

The algorithm specified in Table E.2 assigns theSwavelet coefficients c’[p,A,b,x] from all precin¢ts and
compohent k to temporary bands T[f,x,y], where [ indicates the wavelet filter type and x and y the sampling
positio][;. It also applies an additional scalingstep that improves the precision of the wavelet transformation.

The te
defined in subclause B.3, b,[£.k] in sub¢lause B.4.

porary bands are required as inp(t-to the inverse wavelet filter. The symbols B, b[S.k] and Ny are

Input: |Component index k and wawvelet coefficients c’[p,A,b,x] of all precincts, all lines, all bands fand all
positiops. Width W, [b] and heights H, [b] of all bands b.

Output: Temporary band array T[S,x,y] as input to the wavelet filter.

Table E.2 — Coefficient reordering

Syntax

Notes

reordqr coeffieients (k) {

for (=08, p=p+1) {

Iterate over all bands of component k

1f (4,08 k]==1) {

Check whether filter type f exigts in

component k

if (k<N.-Sy) {

Check whether this is a regular com-
ponent

b= (N,-S4) xp+k

Compute the band from the filter type
B and the component k

} else {

b= (N, S)><N+k

Compute the band from the compo-
nent k for non-decomposed compo-
nents

End of decision for band computation
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Table E.2 (continued)

Syntax Notes
for (y=0; y<H,[B, k];y=y+1) {
for (x=0; x<Wy[B, k];x=x+1) {

Iterate over all rows of band b

Iterate over all colums of band b

d, [k,B] ATk Compute the precinct index p from
y ,
p=N, . x yxsy [k]x2 4| X5 [k]x 2Pl the horizontal position x and vertical
p.x ZNL'Y C position y.

Compute the line within the precinct

_ NL,y _IOgZSy [k]_dy [k'ﬁ]
A=y umod 2 from the vertical position y

Compute the position within the pre-

C.
cinct from the horizontal positipn x

. S
s [K]x 20Kl W
TL6,x,yl=c’ [p, A, b, E] << Fy

£ =x umod {

Assign and scale the wavelet cogf-
ficient in the precinct p line A bgnd
b and horizontal'position ¢ to the
temporary band coefficient T in|band
B, column/x and row y.

} End of\l@op over columns

} End.of loop over all rows

} End of check over filter existend

[¢)

=

} End of loop over all wavelet filtg
types

E.4 Ipverse horizontal filtering

The algorithm specified in Table E.3 applies an inverse horizontal wavelet filter on a low-pass and high-pass
input band and generates coefficients in a temporary output band.

Input: Component index k, output wavelet filter type 5, and two input filter types, low-pass f; and high-pass
Py and[wavelet coefficients in temporarybands T[f,x,y] and T[By,x.y].

Outpuf: Wavelet coefficients in temporary output band T[f,,x,y]

TableE.3*— Horizontal inverse wavelet transformation

Syntax Notes

hor tgansform(k,B,, BELAy) | Horizontally inverse transform the low-pass coefficients f; apd

high-pass coefficients fy; to the output band f,,.

for (y=0; y<H, [Bsnkd s y=y+1) {
for{x=0; x<W\By, k] ;x=x+1) |
iq Le/?3
if{xbuamod 2 = 0) {
X[x]=TI[By,1i,y]

Iterate over all rows of band b

Iterate over all columns of band b

Compute the input sample position in the source band

If even sample position

Assign the low-pass input to the even samples of the temporary
array X

} else {

Else odd sample position

X[x]=T [Py, 1,v]

Assign the high-pass samples to the odd samples of the temporary
array X

}

End of check for even/odd coefficients

}

End of loop over columns

extend samples (W, [By, k])

Symmetrically extend the samples X across the boundary

inverse filter 1D (W,[By,k])

Performs an inverse filtering on the temporary array X
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Table E.3 (continued)

Syntax

Notes

for (x=0;x<Wy [By, k] ;x=x+1)

{

Iterate over all columns of band b

T[BOIXI y1=Y[x]

band

Assign inversely transformed wavelet coefficients to the output

End of loop over columns

End of loop over all rows

E5 1

The alg
inputb

Input:
Py and

Outpu

nverse vertical filtering

[: Wavelet coefficients in temporary output band T[f,x,y]

Table E.4 — Vertical inverse wavelet transformation

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

Component index k, output wavelet filter type 8, and two input filter types, low-pass B, and high-pass
wavelet coefficients in temporary bands T[f],x,y] and T[By,x.y].

Syntax

Notes

ver tyansform(k, B, By, By) {

Vertically inverse transform the low-pass coefficients | and hi
pass coefficients S to‘the’output band 5, in component k.

o
=

for (§=0; x<W, [By, k] 7 x=x+1)

{

Iterate over all columns of band b

for(y=0;y<H,[Bg, k];y=y+1l) { Iterate over all rows of band b
i g Lys2d Compute the imput sample position in the source band
if{y umod 2 = 0) { If even sample position

X Y]:T[Bleri}

Assignthe low-pass input to the even samples of the temporarylarray

X

} dlse {

Else odd sample position

XMyl=T[By, v, 1] Assign the high-pass samples to the odd samples of the temporgry
array X
} End of test for even/odd coefficients
} End of loop over columns
extqnd _samples (Hy, [Bq,kld Symmetrically extend the samples X across the boundary
inverde filter 1D (H(By,k]): Performs an inverse filtering on the temporary array X
for{y=0; y<H, [BorkI y=y+1) { Iterate over all columns of band b
T[Horx, v]=XAYd Assign inversely transformed wavelet coefficients to the output band

}

End of loop over columns

}

End of loop over all rows

}

E.6 Symmetric extension

The algorithm specified in Table E.5 extends the samples in the temporary array X across the boundaries of
the band and prepares the sample array X for the inverse wavelet transformation.

Input: Array X[x] of wavelet coefficients and size Z of the array X. The array is assumed to be filled for
positions 0 to Z-1.
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Output: Array X of wavelet coefficients that have been symmetrically extended.

Table E.5 — Symmetric coefficient extension

Syntax Notes
extend samples (z) {
for (i=1;1<2;i=i+1) { Loop over two samples beyond the edge of the temporary array
X[-11=X[1] Reflect sample at the left boundary
X[Z2+1i-1]=X[Z-1-1] Reflect samples at the right boundary

}

End of loop over sample extension

}

NOTE
empty |
E7 1

The alj
filter. I

array Y

Input:

Outpu

Due to requirements formulated for the picture header elements W;, H¢ and C,, pathological cases
ands or bands of length Z=1 do not appear, such that bands are at least two coefficients wide ar high.

nverse wavelet filtering with the 5-3 filter
borithm specified in Table E.6 computes the inverse wavelet transformation with the 5-3 ¥

generates from the interleaved low-pass and high-pass input samples X‘output samples in the

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

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

[: Array Y[x] of inversely wavelet transformed coefficientssvalid at least for the indices 0 to Z-|L.

such as

vavelet
output

Syntax

Notes

inverd

e filter 1D(Z)

for (d

=0;1<z+1;1i=1+2) { Loop over even samples

Y[i]

=X[1]-((X[L-1]14X[1i+41]+2)>>2) Reconstruct even samples from low-pass

}

End of loop over even samples

for (i

=1;1<Z;1=1+2) | Loop over odd samples

Y[i]

=X[11+ ((Y[i-11+Y[i+1])>>19 Reconstruct odd samples from high-pass

}

End of loop over odd samples

}

E8 4

Table H
in the t

Input:

i ssignment ef output coefficients

emporatyarray T[S,x,y] to the output array O[k,x,y].

Component index k and wavelet type f indicating an LLj, band and temporary array of {

coeffic

.7 providesguidance on the assignment of the output of the inverse wavelet transformation coptained

vavelet

ents T[B,x,y] of that band.

Output: Output array O[c,x,y] filled with wavelet coefficients from the LLg y band of the temporary array
T[Bxy]-
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Table E.7 — Output assignment

Syntax

Notes

assign output (k,B) {

Assign the output of component k from the temporary band 8

for (y=0;y<H.[k];y=y+1) { Loop over the columns of the band data. The height of the component c is
denoted by H_[k] and has been specified in subclause B.1.
for (x=0;x<W_[k];x=x+1) { Loop over the row of the band data. The width of the component c is denot-

ed by W_[k] and has been specified in subclause B.1.

Olk,x,y]=TI[B,x,Y]

porary wavelet band T[S,x,y]

Assign to the output coefficients O the reconstructed values from the tem-

PR B.E |
LTI OI'1I00pP OVET TOWS

End of loop over colums

E.9
Table

IDiscrete forwards wavelet transformations

.8 provides guidelines for implementing a forwards wavelet transformdtion at encods

The discrete wavelet transformation takes sample values O[k,x,y] and computes from them the ¥

coefficlents ¢’[p,A,b,x].
Input:
Output:

Table H

Table E.8 — Wavelet transformation

Sample values O[k,x,y] of all components k at all sample positionsxand y.
Wavelet coefficients ¢’[p,A,b,x] of all precincts, all lines, allbands for all positions.

.8 provides the steps necessary to implement a forwardsavavelet transformation.

r side.
vavelet

Syntax

Notes

forwai ds_transformation ()

for (§=0; k<N_; k=k+1) {

Loop over components

assign input (k)

Place data of component k intjo the

input buffer of the wavelet fil

fer

D, =min (N’L,X [k],N

Ly LKD)

Compute the number of initia
transformations to perform

I

for{d=1;d<D,;d=d+1) {

Loop over the horizontal and
cal decomposition levels

verti-

vel

_fwd_transform(k,LLg ; 4-1,LLg-1,q,LHg 1,4)

Vertically transform the LL,.
band into the LL;, ;and LH,
bands of component k.

H1,d

,d-1

ho1

~ fwd transférm(k, LLg-1,qrLLg, 4r HLg, )

Horizontally transform the L
band into the LL,; ;and HL; 4
of component k.

Ld-1d
bands

hoA

~ fwd \Cransform(k, LHg 1,4, LHg, 4- HHg, )

Horizontally transform the L

Ho 14
bands

band into the LHd qand HH; 4

Ul CUHIPUIICIIU K

End of horizontal and vertical de-

composition

for (dy=Dy+1;d, SN’y

[k];d,=d +1) {

Loop over horizontal-only decom-

position levels

hor fwd transform(k,LLg, 1 nr1y(x)r Lhas, nrnyx

1rBLaernr Ly k1)

Horizontally transform the LLgy y
and HLg, v}, bands of component K
from the LLg,x 11y band of compo-

nent k.
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Table E.8 (continued)

Syntax

Notes

End of the horizontal decomposi-
tions

insert coefficients (k)

Places coefficients of components
into precincts

End of loop over components

E101

nput coefficient assignment

Table H.9 provides guidance on how to assign the sample values in the input array O[k,x,y] to the-temporary
wavelet band T[f,x,y].
Input: Component index k and an array of input sample values O[k,x,y].
Output: Temporary array T[f,x,y] filled with input data as wavelet coefficients of the-LL , band.
Table E.9 — Input assignment
Syntax Notes
assign input (k) { Assign the output of component k tothe temporary LL, , band
for (y=0;y<H [k];y=y+1l) { Loop over the columns of the band data. The height of the component c is
denoted by H_[c] and has been Specified in subclause B.1.
for (x=0;x<W_[k];x=x+1) ({ Loop over the row of the band data. The width of the component c is denot-
ed by W_[c] and has been specified in subclause B.1.
T[QLy, 0, %, y1=01[k, %,¥] Assign to the input coefficients O the reconstructed values to the tenppo-
rary wavelet band T[LL o,x,y], i.e. set the LL;  band to the input datq
} End of loop owvér rows
} End of loagp over colums
}

E.11 Horizontal wavelet transformation

Table H

.10 provides guidance o6nhow to perform a horizontal wavelet filter from a temporary input band

and to generate low-pass and-high-pass output in temporary output bands.
Input: Component indexk; output wavelet filter type 5, and two input filter types, low-pass f; and high-pass
Py wayelet coefficierits)in temporary output band T'[,,x,y]
Outpuf: Filteredwyavelet coefficients in temporary bands T[f},x,y] and T[By,x,y].
Table E.10 — Horizontal forward wavelet transformation
Synta Notes
hor fwd transform(k,B,, B, By) Horizontally forward transform the low-pass coefficients 8| and
high-pass coefficients f to the output band /5, in component k.
for (y=0;y<H,[Bo,k];y=y+1l) | Iterate over all rows of band b
for (x=0; x<W, [By, k] ix=x+1) { Iterate over all columns of band b

X[x]=T [BOIXI v]

Copy input coefficients to temporary row

}

End of loop over columns

extend samples (W, [By, k])

Symmetrically extend the samples X across the boundary

fwd _filter 1D (Wy[Bgy,k]); Performs wavelet filtering on the temporary array X
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Table E.10 (continued)

Syntax

Notes

for (x=0; x<W, [b];x=x+1) {

Iterate over all columns of band b

i= |x/2]

Compute the input sample position in the source band

if(x umod 2 = 0) {

If even sample position

T[BLrirY]:Y[X]

Assign the even samples to the low-pass output.

} else {

Else odd sample position

TRy, i,y]=Y[x]

Assign the odd samples to the high-pass output.

}

End of mmnllnr‘lr‘l decision

}

End of loop over columns

}

End of loop over all rows

}

E.12 Vertical wavelet transformation

Table E.11 provides guidance how to perform a vertical wavelet filter frofn-wavelet coefficients in a

tempoifary band and to create low-pass and high-pass output bands.

Input: Component index k, output wavelet filter type 8, and two input fjlt€rtypes, low-pass f; and high-pass

Py and|wavelet coefficients in a temporary input band T[f,,x,y]

Outpuf: Wavelet coefficients in temporary output bands T[S, x4 and T[fy,x,y].

Table E.11 — Vertical forward wayvelet transformation

Syntax

Notes

ver fyd transform(k,B,, By, By)

{

Vertical forward transform the coefficients in the input band f{, to

the low<pass coefficients | and high-pass coefficients f};.

for (§=0; x<W, [By, k] 7 x=x+1) |

Iterate over all columns

for{y=0; y<Hy[By, k]l;y=y+1) |

[terate over all rows

X[}]:T[BOIXIY]

Retrieve one column of the wavelet coefficients and store thenp in the
temporary column

End of loop over colums

extdqnd samples (H, [Bg, k])

Symmetrically extend the samples X across the boundary

fwd |filter 1D (Hy[By, k1)’

Performs wavelet filtering on the temporary array X

for{y=0; y<Hp[By, k] rysytl) |

Iterate over all rows

i Ly/2d

Compute the input sample position in the source band

if{y umod 2 =Q) {

If even sample position

T BLIXIi]:Y[y}

Assign the even samples to the low-pass output

} dqlse, §

Else odd sample position

T BHIYIi]ZY[y}

Assign the odd samples to the high-pass output.

End of even/odd sample decision

End of loop over all columns

End of loop over all rows
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E.13 Forwards wavelet filtering with the 5-3 filter

Table E.12 provides guidance on how to implement the forwards wavelet transformation with the 5-3
wavelet filter. It generates from the input samples in the array X interleaved low-pass and high-pass output

in the array Y.

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

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

Table E.12 — Forward wavelet filtering with the 5-3 filter

Syntax

Notes

fwd_filter 1D(Z) {

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

Loop over odd samples

Y[i]=X[i]- ((X[i-1]4+X[1i+1])>>1)

Generate the high-pass in the odd samples

}

End of loop over odd samples

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

Loop over even samples

Y[1)=X[1i]1+ ((Y[1i-1]4+Y[1+1]+2)>>2)

Update the even samples t@ génerate the low-pass

}

End of loop over even samples

}

E.14 Insertion of coefficients into precincts

Table H.13 provides guidance on how to assign the wavelet cagefficients ¢’[p,A,b,x] in the temporary bands to

the prdcincts.

Input:
step, wiidth Wy [b] and heights H,[b] of all bands.

Output: Wavelet coefficients ¢’[p,A,b,x] of all precincts, lines, bands and positions.

Table E.13 <~ €Coefficient insertion into precinct

Component index k and temporary band array~T[S,x,y] containing the output of the wavelgt filter

Syntax

Notes

inserfl coefficients (k) {

for (§=07 p<Ng;p=p+1) f

Iterate over all bands of component k

if (Y, [B, k] == 1) |

Check whether the corresponding filter type exists in
component k

if{k < N-sy) |

Check whether this is a regular component

b (N_~S,) xp+k

Compute the band from the filter type  and the|com-
ponent k

} dlse ¢

b (¥,64) xNy+k

Compute the band from the component k for norr-de-

r‘nmpncnﬂ r‘nmpnnnnf‘c

}

End of decision for band computation

for (y=0; y<H,[B, k];y=y+1) {

Iterate over all rows of band b

for (x=0; x<Wy[B, k];x=x+1) {

Iterate over all colums of band b

bx Ny C

2 s

yXxsy [k]xzdy[k'ﬁ] J{xxsx [k]x 2% LBl
y

|

Compute the precinct index p from the horizontal posi-
tion x and vertical position y.

A=y umod 2"y oBzsylKl-dyLkp]

Compute the line within the precinct from the vertical
position y
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Table E.13 (continued)

Syntax Notes
C Compute the position within the precinct from the
E=x umod # horizontal position x
s, [K]x2%LkA]
r= (I< Fy >> 1 Compute the rounding offset

if(T[B,x,y] >= 0) {

Check for the sign of the coefficient, if non-negative

c’ [p, A, b, E]:(T[B,X/Y]+r)>>Fq

Insert the scaled wavelet coefficient from the tempo-
rary band f into precinct p line A band b and horizontal

nasition x
T

else {

If negative

¢’ [p, A, E]=-((-T[p,x,y]l+r)>> F)

Insert the scaled wavelet coefficient from,the te
rary band f into precinct p line A bandvb and hor
position x.

mpo-
izontal

End of check for sign

End of loop over columns

End of loop over all rows

End of check if band exists

End of loop over all-wavelet filter types
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Annex F
(normative)

Multiple component transformations

F.1 General

In this
that alt

NOTE
1SO/IE(

annex ipterleaved with the inverse discrete wavelet transformation steps of Annex E. The,algorithms giver

annex a

F2 1

An inv
wavele
0, see’|
s,[i] an
compo

The Iny

anney, the flow charts and tables are normative only in the sense that they are definingan
ernative implementations shall duplicate.

In order to achieve a low-latency requirement and to conform to one or multiple profiles spec
ssume for the ease of presentation that all sample values of an image are available entirely.

nverse multiple component transformation

brse multiple component transformation shall be applied to the output sample values O[c,x,y]
t transformation if the C,;;, element of the picture header specifiéd in subclause A.4.3 is differe
able A.9. C,,;;, shall be 0 itpthere are less than 3 components, i.eif N.<3, or if any of the sampling
d s, [i] for i<3 are different from 1. Furthermore, Cpih shalkbe smaller than 2 if there are less
nents, i.e. if N <3, or if any of the sampling factors s,[i] and s, [i] for i<3 are different from 1.

rerse multiple component transformation shall be selected from C,,;, according to Table F.1:

Table F.1 — Selection of the inverse:multiple component transformation

output

ified in

21122-2, decoder implementations would need to run the inverse multiple componentsteps specifiedl in this

in this

of the
nt from
factors
than 4

Cpin Inverse Multiple Component Transformation

0 No transformation, set Q[c,x,y] = O[c,x,y] for all components c, all columns xfand all
rows J.

1 inverse_ret(), see subclause F.3, to compute Q[c,x,y] from O[c,x,y] for all conjpo-
nents.c<3.
Sety2[c,x,y] = O[c,x,y] for all components c=3.

3 inverse_star_tetrix(), see subclause F.5, to compute Q[c,x,y] from O[c,x,y] for all
components c<4.
Set Q[c,x,y] = O[c,x,y] for all components c24.

All other valués Reserved for ISO/IEC purposes.

F3 1
Table H

nversereversible multiple component transformation (inverse RCT)

hals 1:

2-specifies the inverse reversible multiple component transformation that is applied if C,;, eq

Input: The output array of the inverse wavelet transformation O[c,x,y] and the dimensions W; and H; of the
sampling grid.

Output: The intermediate image samples values [c,x,y] of the image.
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Table F.2 — Inverse reversible multiple component transformation

Syntax

Notes

inverse rct() {

for (y=0; y<Hgry=y+1) |

Loop over rows of the image

for (x=0; x<Wg; x=x+1)

{

Loop over the columns of the image

i, = 0[0,x,y]

il = 0[1,x,y]

i2 = 0[2,%,Y]

Retrieve input components

o] = iuf{ril+i ) 2) Dnrnncfwnrffhngvnnntvwnpnnuhf
o) F o7 + 1, Reconstruct the red component
o, F o + 1, Reconstruct the blue component
Qlg,x,y] = o Assign the red output

Qlll,x, vyl = o Assign the green output
Ql4,x,¥] = o, Assign the blue output

End of loop over columns

End of loop over rows

F.4 Horward reversible multiple component transformation

Table K3 provides guidance on the forward multiple component«cdlour decorrelation transformation

invertdd by the procedure specified in subclause F.3 at the decoder side.

Input: Scaled intermediate image sample values Q[c,x,y]-afid the dimensions of the sampling grid W,

Output: Decorrelated sample values O[c,x,y] suitable'as input of the forward wavelet transformation

Table F.3 — Forwards reversSible multiple component transformation

thatis

hnd He.

Syntax Notes
forwaygd rct() {
for (y=0; y<Hgiy=y+1l) | Loep over rows of the image
for{x=0;x<Wg;x=x+1) { Loop over the columns of the image
i, F QI0,x,v]
i, F Qll,x,vy]
i, F Ql2,%x,v] Retrieve input components
09 | (Lg+2x1i,£54)>>2 Compute the luma component
o1 F 12 - & Compute the Cb chroma component
0, F 1ig st Compute the Cr chroma component
Olq,z 11 = og Assign the luma output
Ol vyI = 0 ASSign Cb
O[2,x,y] = o, Assign Cr

End of loop over columns

End of loop over rows
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F.5 Inverse Star-Tetrix transform

F.5.1 Reconstruction with the Star-Tetrix transformation

Table F.4 specifies the inverse Star-Tetrix transformation that is applied if C,;, equals 3:

NOTE

This algorithm assigns the red decoder output to component 0, the green decoder outputs to components

1 and 2, and the blue component output to component 3, consistent with the rest of this document, in particular with

Table F.8.

Input: The output array of the inverse wavelet transformation O[c,x,y] and the dimensions W; and H; of the

samplipg grid

Output: The intermediate image samples values 2[c,x,y] of the image.

Table F.4 — Inverse Star-Tetrix transform

Syntax Notes Reference
inverde star tetrix() {
inv_gvg_step () ReconstructY, from Y, and A Table F.5
inv_delta_step() ReconstructY; fromAandY, Table.E.6
inv_Y step() Reconstruct G; and G, from Y, Y, and  |TébleF.7
C. Cy
inv_(gbCr_step () Reconstruct R and B from C, C, and G,, “{Table F.8
G,

for (y=0; y<Hg; y=y+1) {

Loop over rows of the image

for (x=0; x<Wg; x=x+1) {

Loop over the columns of the‘image

Qlq,x,yl = 0*[2,x,y] Assign the red output
oY, x, vyl = 0*[3,x,v] Assign the first green‘output
Qlq,x,y] = 0'[0,x,y] Assign the second\gFeen output
QY x,yl = 0*[1,x%,v] Assign the blueputput
} End of looplever columns
} End oftoep over rows
}
FE.5.2 |Inverse average step

Table F5 specifies the inverse‘average step which reconstructs the Y, component from Y, and A. The access()
functign is specified in subclause F.5.7.

Input: [The output arrdy of the inverse wavelet transformation O[c,x,y] and the dimensions W;and H

samplihg grid.

Outpuf: Thefirst lifting step output w![c,x,y] of the image.

o citon
0 A AS S o

¢of the

Syntax

Notes

inv_avg_step() {

for (y=0; y<Hgry=y+1) |

Loop over rows of the image

for (x=0; x<Wg;x=x+1) {

Loop over the columns of the image

Ay, = Olaccess (0,x,y,-1,

-1

Read the delta component to the top-left

A, = Olaccess(0,x,y,+1,-1)]

Read the delta component to the top-right

Ay, = Olaccess (0,x,y,-1,+1)]

Read the delta component to the bottom-left
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Table F.5 (continued)

Syntax

Notes

A, = Olaccess (0,x,y,+1,+1)]

Read the delta component to the bottom-right

®1[01X1Y1=O[O/X,Y]—
{Alt + A + Ay +Aer

8

Reconstruct Y, from Y, and A

wl[l,x,y]=0[1,x,Yy]

Copy remaining components over

wl[2,x,y]=01[2,x%,y]

Copy remaining components over

ol [3 1=0[3 vl

(‘npv remaining components over

}

End of loop over columns

}

End of loop over rows

}

F.5.3 [Inverse delta step

Table H6 specifies the inverse delta step which reconstructs the Y; component fronf' Y, and A. The access()

functign is specified in subclause F.5.7.

Input: [The output array of the inverse average step w![c,x,y] and the dimengions W;and H; of the sampli

Output: The second lifting step output w?[c,x,y] of the image.

Table F.6 — Inverse delta step

hg grid.

Syntax

Notes

inv _ddlta step() {

for (y=0; y<Hg; y=y+1) {

Loop over rows of the image

for (x=0; x<Wg; x=x+1) {

Loop over the columns of the image

Y, | = o'laccess (3,%x,y,-1, -1)]

Read the Y, component to the top-left

Y. = o'laccess (3,x,y,+1,-1)]

Read the Y, component to the top-right

= wllaccess (3,%,y,-1,+1)]

Read the Y, component to the bottom-left

Y| = o'laccess (3,x,y,+1,+1)]

Read the Y, component to the bottom-right

0 [3,k, y]=0t[3,x,y]+

\\Ylt +Y + Y +Yer
4

Reconstruct Y, from Y, and A

2L, %, yl=0[1,x, ¥

Copy remaining components over

w? [P, x,yl=0 (2,4, y]

Copy remaining components over

w?[[0, x, y]=0! Bk, v]

Copy remaining components over

End of loop over columns

End of loop over rows

E5.4 InverseY step

Table E.7 specifies the inverse Y step which reconstructs the G; and G, components from Y;, Y, and C, C..

The access() function is specified in subclause F.5.7.

Input: The output array of the second lifting step w?[c,x,y], the chroma weighting exponents e, and e, and

the dimensions W;and H; of the sampling grid.

Output: The third lifting step output w3[c,x,y] of the image.
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Table F.7 — Inverse Y step

Syntax

Notes

inv Y step() {

for (y=0; y<Hery=y+1) |

Loop over rows of the image

for (x=0; x<Wg;x=x+1) {

Loop over the columns of the image

B, = w’[access(0,x,y,-1,0)]

Read the C, component to the left of G,

r

= w?[access (0,%x,y,+1,0)]

Read the Cy, component to the right of G,

R, = w?[access(0,x,y,0,-1)]

Read the C. component to the top of G,

Rb = 2[access (0 7. 0. +713)1

Read the C anpnhnnf tothe baottom of (‘L
T

03[0, x,y1=0?[0,%x,y]~

{zﬂz (B, +B,)+2° (R, +R})
8

|

Compute G, from Y, and neighbouring C, and/€ s

hmples

B, w?[access (3,%,y,0,-1)] Read the Cy, component to the top of &}

B, w?laccess (3,x,y,0,+1)] Read the Cy, component to the bottom of G;
R) | w?laccess(3,%,y,-1,0)] Read the C, component to the left of G;

R, [ w?[access(3,x,y,+1,0)] Read the C,. component to\the right of G;

03B, %, y1=0213,x,v]- Compute G from Y and neighbouring C, and C, samples
22 (B +By)+2° (R, +R;)
8
03[, x,yl1=0?[1,x,y] Copy remdining components over
03[P, x,y1=02[2,x%,v] Copy remaining components over
} Endjof loop over columns
} End of loop over rows
}
F.5.5 |Inverse C,C, step
Table H8 specifies the inverse C, C, step-which reconstructs the R and B components from G; and G, fand Cy,

C. The

access() function is specified in subclause E.5.7.

Input: [The output array of the third lifting step w3[c,x,y] and the dimensions W; and H; of the samplir|g grid.

Outpuf: The fourth lifting step-output w#[c,x,y] of the image.

Table F.8 — Inverse C,,C,. step

Syntax Notes
inv_clcr stepy)) {
for (§=0; yXHei y=y+1) { Loop over rows of the image
for (x€0,; %x<W.;x=x+1) { Loop over the columns of the image

G, = w’laccess(1,x,y,-1,0)]

Read the G component to the left of C,,

= w3[access (1,x,y,+1,0)]

Read the G component to the right of C,,

G, = w3laccess(l,x,y,0,-1)] Read the G component to the top of C,
G, = w3laccess(1l,x,y,0,+1)] Read the G component to the bottom of C,
will,x,y]1=03[1,x,y]+ Compute B from Cy and neighbouring G samples
Gy +G, +G; +Gy
R
G, = w3laccess(2,%,y,-1,0)] Read the G component to the left of C.
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Table F.8 (continued)
Syntax Notes
G, = w3laccess (2,x%,y,+1,0)] Read the G component to the right of C,
G, = w’[access(2,x%,y,0,-1)] Read the G component to the top of C,
G, = w’[access(2,x,y,0,+1)] Read the G component to the bottom of C,.
wil(2,x,y]1=03[2,%,y]+ Compute R from C, and neighbouring G samples
{Gl +G, +G, +GbJ
4
00, x,v]1=03[0,%x,v] Copy remaining components over
0t [3, %, y1=0313, %, v] Copy remaining components over
} End of loop over columns
} End of loop over rows
}

F.5.6 |Super pixel look-up tables

Table H.9 specifies the CFA pattern type C, depending on the values of the component registration| values
Xcrg[c]lyCrg[c] found in the component registration marker, see subclause A.4.9.

Table F.9 — CFA Pattern type derived from the component registration

Compionent index ¢ Xcrg|c] Ycrgc] CFA Pattern Type C, Notes
(Subpixel arrange-
ment and chfoma
exponent aspign-
ment)
0 0 0 0 RGGB
1 32768 0 e, is the C, weight
2 0 32768 e, is the C, weight
3 32768 32768
0 32768 32768 0 BGGR
1 32768 0 ey is the C}, weight
2 0 32768 e, is the C, wpight
3 0 0
0 32768 0 1 GRBG
1 0 0 eq is the C. weight
2 32768 32768 e, is the C,, weight
3 0 32768
0 0 32768 1 GBRG
1 0 0 ey is the C, weight
) 32768 32768 e, is the C, weight
3 32768 0
All other combinations of Xcrg[] and Ycrg[] Reserved for ISO/IEC
purposes

NOTE Exchanging the registration of R and B does not change C,, but can require exchanging e; and e, in the CTS
marker segment as indicated in the table.

Table F.10 specifies for each component index ¢ between 0 the displacement vector 6,6, within a CFA super
pixel, dependent on the CFA pattern type C,. The value of C, is defined in Table F.9.
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Table F.10 — Component displacement vector by component index

Component index ¢ CFA pattern type C; Displacement vector §,,5,
0 0 0,1
1 0 1,1
2 0 0,0
3 0 1,0
0 1 1,1
1 1 0,1
2 1 1 _n
3 1 0,0
Table H11 specifies its inverse function k[6x,6y]. Given a displacement vector 6X,5y and a CFA pattern type C,
k[6,,6,| evaluates to the component index ¢ at the given displacement vector within a CFA-super pixel,
Table F.11 — Component index by displacement vector
Djsplacement vector é‘x,b‘v CFA pattern type C; Component index k[é‘x,b‘v]
0,1 0 0
1,1 0 1
0,0 0 2
1,0 0 3
1,1 1 0
0,1 1 1
1,0 1 2
0,0 1 3
F.5.7 |Coordinate access function
Table 12 specifies a function that computes the component and coordinates of a sub-pixel relative t¢ a sub-
pixel af a given coordinate and of a given cGmponent
Input: |The coordinates (x,y) and component c in the sample grid of a super pixel of a CFA array, a sample

offset 1
colour

Outpu

fransformation reflectioniand extension flags C;.

[: A triple (c,x,y) of component c, x position and y position within the sample grid.

Table F.12 — Coordinate access function

 and r, the sample grid dimensions W;and Hy, the colour transformation CFA pattern type C; 4nd the

(
(
(
(

2y+r,+8,lcl < 0) ||
2y+tr +8,[c] >= 2Hg)) A

sample grid

Syntax Notes
accesq (c, X, XY, ry) {
1f ((dx+2 6, [c] < 0) || Check whether the access would go beyond the samplee grid
(2o, [c] >= 2We)) A
Ty = Ty If so, reflect back into the line

}

1f((C; == 3 && ry+d,[c] < 0) | Check whether the access is in-line and an access is attempt-
Ce == 3 && ry+8,0c]l > 1) 1| ed to the line above, or the access is in-line, and an access is

made to the line below, or the access would go beyond the

-r, If so, reflect back into the line
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Table F.12 (continued)

Syntax Notes
2x+1, +8, [c] Compute horizontal sample position of the resulting compo-
= - 5 nent and pixel
2y + ry + 5y [c] Compute vertical sample position of the resulting compo-

y= f nent and pixel
c=k[(r,+d,[c])umod2, (r, +3,[c])umod2] Compute component index at the CFA sample position

return (c,x,Yy) Provide results to caller
}

F.6 Horward Star-Tetrix transform

F.6.1 [Guidance on the encoder implementation

Table F.13 provides guidance on the implementation of a forward Star-Tetrix transformation [that is
compatible to the inverse transformation specified in subclause F.5.

NOTE This algorithm assigns the average luma signal to the first component, the blue-green chroma diffefence to
the secqnd component, the red-green chroma difference to the third component and the differential luma signal to the
third cdmponent, consistent with the rest of this document.

Input: Scaled intermediate image sample values Q2[c,x,y] and the dithensions of the sampling grid W, and H;.

Output: Decorrelated sample values O[c,x,y] suitable as inputief the forward wavelet transformation

Table F.13 — Forward Star‘Tetrix transform

Syntax Notes References
forwagd star tetrix() {
for (y=0; y<Hg;y=y+1) | Loop over rows of the image
for(x=0;x<Wg; x=x+1) { Loop ovépthe columns of the image
o, x, vyl = Q[0,%,y] Assign/the red output
o3, x, vl = Q[1,%,y] Assign the first green output
[0, x, vl = Q[2,%,y] Assign the second green output
oL, x, vyl = Q[3,%,y] Assign the blue output
} End of loop over columns
} End of loop over rows
CbCr |step () Compute C.and Cy, from R, Band G;, |Table F.14
G,
Y_stqp() Compute Y; and Y, from G4, G, and C, |Table F.15
Cp
deltq ‘sBep () Compute A fromY;andY, Table F.16
avg_step () Compute Y, from Y, and A Table F.17

}

F.6.2 Forward C,C, step

Table F.14 provides guidance on the forward C,C, step which computes C, and C, from the components R, B
and Gy, G,. The access() function is specified in subclause E.5.7.

Input: The array of re-ordered input data w#[c,x,y] and the dimensions W;and H; of the sampling grid.

Output: The output of the first lifting step w3[c,x,y] of the image.
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Table F.14 — Forward C,C, step

Syntax

Notes

CbCr step() {

for (y=0; y<Hery=y+1) |

Loop over rows of the image

for (x=0; x<Wg;x=x+1) {

Loop over the columns of the image

G, = wilaccess(1,x,y,-1,0)]

Read the G component to the left of B

G, = w'laccess (1,x,y,+1,0)]

Read the G component to the right of B

G, = wilaccess(1,x,y,0,-1)]

Read the G component to the top of B

Gb = 4laccess(] 7,0, 4+71)1

Read the G anpnnuhf‘ tothe bottom r\FB

o3, x,yl=04[1,x,y]-

{Gl +G, +G, +GbJ
4

Compute C,, from neighbouring G samples

G, F w?laccess(2,x,y,-1,0)]

Read the G component to the left of R

= w%[access (2,%x,y,+1,0)]

Read the G component to the rightof' R

G. F wilaccess(2,x,y,0,-1)]

Read the G component to the/top'of R

G, F wlaccess(2,x,y,0,+1)]

Read the G component to th€ bottom of R

(-‘\)3[2!}(! Y]=®4[2/X/ yl-
{Gl +G, +G; +GbJ
4

Compute C. from R and neighbouring G samples

@30, x,y1=04[0, x, v]

Copy remaiding components over

03B, x,y]=04[3,x,Yy]

Copy remaining components over

End éfloop over columns

Endééf loop over rows

F.6.3 |Forward Y step

Table F15 provides guidance on the forward?¥ step which computes Y;, Y, from G, G, and Cy, C.. The access()

functign is specified in subclause F.5.7.

Input: [The output array of the firstilifting step w?[c,x,y], the choma weighting exponents e; and e, and the

dimengions W;and H; of the sampling grid.

Outpuf: The output of the second lifting step w?[c,x,y] of the image.

Table F.15 — Forward Y step

Syntax

Notes

Y steg() {

for (f=0; y<Her y=y+1) |

Loop over rows of the image

for (xS0, x<Wq; x=x+1) {

Loop over the columns of the image

B; = w’laccess(0,x,y,-1,0)] Read the C, component to the left of G,
B, = w’laccess (0,x,y,+1,0)] Read the C, component to the right of G,
¢ = w’laccess (0,x%,y,0,-1)] Read the C. component to the top of G,
R, = w*laccess (0,x,y,0,+1)] Read the C. component to the bottom of G,

@2[lel YJ=®3[O/X/ v+
22 (B +B; ) +2°1 (R +Ry)
8

Compute Y, from G, and neighbouring C;, and C.. sam-
ples

B.= w3[access(3,x,y,0,-1)]

Read the C component to the top of G,
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Table F.15 (continued)

Syntax Notes
B,= w3[access (3,x%,y,0,+1)] Read the C, component to the bottom of G
R, = w’[access(3,x,y,-1,0)] Read the C. component to the left of G;
R, = w3laccess(3,x,y,+1,0)] Read the C. component to the right of G;
w?[3,x,y]1=03[3,x,y]+ Compute Y, from G; and neighbouring C; and C. sam-
2 (B, +By) +2° (R +R,) ples
8
W [T Y=o 11, X, 71 Copy remaining components over
02 [P, x,y]1=0312,x%,y] Copy remaining components over
} End of loop over columns
} End of loop over rows
}

F.6.4 |Forward delta step

Table H.16 provides guidance on the forward delta step which computes A froni the Y; and Y, comppnents.
The acgess() function is specified in subclause F.5.7.

Input: [The output array of the forward Y step w?[c,x,y] and the dimengions W;and H; of the sampling|grid.

Outpuf: The third lifting step output w![c,x,y] of the image.

Table F.16 — Forward-delta step

Syntax Notes
delta |step() |
for (f=0;y<Hgiy=y+1) { Loop over rows of the image
for (x=0;x<Wg;x=x+1) { Loop over the columns of the image
Y| = w?laccess(3,x%,y,-1, -1)] Read the Y, component to the top-left
Y. |= w?laccess(3,x,y,+1,-1)] Read the Y, component to the top-right
Y| = w?laccess (3,x,y,-1,+1)] Read the Y, component to the bottom-left
Y, | = w?laccess (3, x,y,+1, {1))] Read the Y, component to the bottom-right
o3, %, y]1=02[3,x,y]- Compute A from Y; and Y,.
Vi + Yot + i + Yoy
e
QUL %, vl =02 [ 1 xM] Copy remaining components over
ol P, x, y1=0A(2,%,v] Copy remaining components over
@0, %, yIse 0, x, y] Copy remaining components over
} End of loop over columns
} End of loop over rows
}

F.6.5 Forward average step

Table F.17 provides guidance on the forward average step which computes Y, from Y, and A. The access()
function is specified in subclause F.5.7.

Input: The output of the third lifting step w![c,x,y] of the image and the dimensions W; and H; of the
sampling grid.

Output: The input to the forward wavelet transformation O[c,x,y].
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Table F.17 — Forward average step

Syntax Notes
avg step () |
for (y=0;y<Hgiy=y+1) | Loop over rows of the image
for (x=0; x<Wg;x=x+1) { Loop over the columns of the image
Ay = w'laccess(0,x,y,-1, -1)] Read the delta component to the top-left
A, = wllaccess(0,x,y,+1,-1)] Read the delta component to the top-right
Ay, = o'laccess(0,x,y,-1,+1)] Read the delta component to the bottom-left
A= wllaccess (0 +1 . +1) ] Read-the delta componentto the bottom vighf
o[d,x,yl=01[0,x,y]+ Compute Y, from Y, and A
{Alt +Are +Ap A J
8
orY, x,yl=0![1,x,y] Copy remaining components over
004, x,yl=0![2,%,y] Copy remaining components over
004, x,yl=0![3,x,y] Copy remaining components over,
} End of loop over columns
} End of loop over rows
}
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Annex G
(normative)

DC level shifting, non-linear transform and output clipping

G.1 General

In this
alterng

NOTE
ISO/IE(Q
linear t
decorrd
thatall

G2 (

The pr
compo
DC levg
transfq
selects
market

hnnex, the flowcharts and tables are normative only in the sense that they are defining an outj
tive implementations shall duplicate.

In order to achieve a low-latency requirement and to conform to one or multiple profiles spec
21122-2, decoder implementations would need to run the output scaling, DC level shifting; the optio1
fansformation and the output clipping specified in this annex interleaved with the inverse multiple con
lation transformation steps of Annex F. The algorithms given in this annex assume for the ease of pres¢
kample values of an image are available entirely.

Dutput scaling, DC level shifting and output clipping

hent decorrelation transformation to the component precision indicated in the component tabl
1 shifting to convert the signed output of the wavelet transformation or inverse multiple com
rmation to unsigned sample values, and clamp the cogfficients to the valid sample range. T4
the output scaling, DC level shifting and output clipping in accordance to the presence of
, and the Tnlt value signalled in this marker if present:

Table G.1 — Selection of the Output Scaling

ut that

ified in
hal non-
hponent
ntation

hcessing steps specified in annex scale the output of the wavelef*transformation or inverse multiple

e, apply
ponent
ble G.1
an NLT

NL1

marker and Tnlt value Output scaling method

N

LT marker not present Linear output scaling according to subclause G.3

NLT

marker presentand Thlt=1 |Quadpratic output scaling according to subclause G.4

NLT

marker present and Thlt=2 |Exténded output scaling according to subclause G.5

G3 I

Table (
samplg

Input:
compo
H_[i] cq
specifi

linear output scaling

.2 specifies the linear output scaling and clipping function that shall be used to reconstruct
values in caseno-NLT marker is present in the codestream.

Intermediate image sample values Q[i,x,y] of all components as generated by the inverse
nent traiisformation specified in Table F.2, rows and columns, dimensions of all components W/

bd_in.subclause A.4.5.

output

multi-
L[{] and

mputed according to subclause B.1, and sample precisions BJ[i] as indicated by the componeiit table

Outpu

': Reconstructed sample values R[i,x,y] of all components, all rows and columns.
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Table G.2 — Linear output scaling and level shifting

Syntax

Notes

linear output scaling() {

for (1=0;i<N_;i=i+1) {

¢=B,~B[1i] Compute scaling value from the nominal bit precision of the wave-
let coefficients signalled in the picture header and the component
precision of component i.
m=(1<<B[i])-1 Compute maximal value
for (y=0;y<H_ [i];y=y+1) A Loop over rows of the component
foy (x=0;x<W_[1];x=x+1) { Loop over the columns of the component
vaQli, x, vyl Retrieve output sample from the inverse multiple component
transformation
vVt ((1<<By) >>1) Apply inverse DC level shift.
v (v ((1<<0) >>1) ) >>¢ Shift to the output range
vqclamp (v, 0, m) Clamp to target range
Rli,x,y]=v Store final reconstructed value
} End of loop over columns
} End of loop over rows
} End of loop over components
}
NOTE As indicated in the table, the output scaling runs over all components, including those that are excluded
from the wavelet transformation.
G.4 Quadratic output scaling
Table (.3 specifies the linear output scaling and ¢lipping function that shall be used to reconstruct|output
samplg values in case the codestream contains.an NLT marker, see subclause A.4.6, and the Tnlt field therein
has thq value 1.
Input: |Intermediate image sample vatues Q[i,x,y] of all components as generated by the inverse multi-
compofent transformation specified-in"Table F.2, rows and columns, dimensions of all components W_[i]
and H_[i] computed according to subclause B.1, and sample precisions B[i] as indicated by the component
table specified in subclause 0., The DC offset value DCO is defined in the NLT marker segment specffied in
subclalise A.4.6.
Output: Reconstructed sample values R[i,x,y] of all components, all rows and columns.
Table G.3 — Quadratic output scaling and level shifting
Syntax Notes
quadrdtic, @atput scaling() {
for (§=07i<N_;i=i+1) {
(=2xB,~B[1i] Compute scaling value from the nominal bit precision of the

ponent precision of component i.

wavelet coefficients signalled in the picture header and the com-

m=(1<<B[i])-1

Compute maximal value

for (y=0;y<H.[1];y=y+1)

{

Loop over rows of the component

for (x=0; x<W_[1];x=x+1)

{

Loop over the columns of the component

v=Q[1i,x,Vv]

Retrieve output sample from the inverse multiple component
transformation

v=v+((1l << B,)>>1)

Apply inverse DC level shift.
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