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Information technology — JPEG XS low-latency lightweight

image coding system —

Part 1:

Core coding system

1 Scope

This document defines a syntax (and an accompanying decompression process),that is capable to
represent continuous-tone grey-scale, or continuous-tone colour digital images without visudl loss at
moderate compression rates. Typical compression rates are between 2:1 and'6:1 but can also be higher
depending on the nature of the image. In particular, the syntax and the.decoding process qpecified
ih this document allow lightweight encoder and decoder implementations that limit the enf-to-end
latency to a fraction of the frame size. However, the definition of transmission channel buffer models
recessary to ensure such latency is beyond the scope of this documeént.

This document:

1 specifies a decoding process for converting compressed image data to reconstructed image data;
-+ specifies a codestream syntax containing information for interpreting the compressed imdge data;
-+ provides guidance on encoding processes for cgnverting source image data to compressed image data.
2 Normative references

There are no normative references in-this document.

3 Terms and definitions, abbreviated terms and symbols

3.1 Terms and definitions

Hor the purposes of\this document, the following terms and definitions apply.

[P0 and IEC maintain terminological databases for use in standardization at the following addijesses:

— ISO Oanline browsing platform: available at https://www.iso.org/obp

- JECElectropedia: available at http://www.electropedia.org/

11
EF Y

band

input data to a specific wavelet filter type (3.1.49) that contributes to the generation of one of the

components (3.1.13) of the image

3.1.2
band type

single number collapsing the information on the component (3.1.13), and horizontal and vertical wavelet
filter types (3.1.49) that are applied in the filter cascade reconstructing spatial image samples (3.1.42)

from inversely quantized wavelet coefficients (3.1.10)

© ISO/IEC 2019 - All rights reserved
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3.1.3

bit

binary choice encoded as either 0 or 1
314

bitplane
array of bits (3.1.3) having all the same significance (3.1.31)

3.1.5

bitplane count
number|of significant bitplanes (3.1.4) of a code group (3.1.9), counting from the LSB up to the meg
significgnt, non-empty bitplane

(s

3.1.6
bitplan¢ count subpacket

subset of a packet (3.1.34) which decodes to the bitplane counts (3.1.5) of all code groups)(3.4.9) within
packet, followed by padding (3.1.35) and optional filler bytes (3.1.24)

[Y)

Note 1 toentry: See subclause C.5.3.

3.1.7
byte
group of 8 bits (3.1.3)

3.1.8
codestream
compregsed image data representation that includes all necessary data to allow a (full or approximate)
reconstfuction of the sample (3.1.42) values of a digital image

3.1.9
code grpup

group of quantization indices (3.1.40) in sign-magnitude representation before inverse quantizatio
(3.1.25)

~

3.1.10
coefficient
input value to the inverse wavelet transformation resulting from inverse quantization (3.1.25)

3.1.11
column
set of vefrtically aligned precinets (3.1.36)

3.1.12
comprefssion
process jof reducingithe number of bits (3.1.3) used to represent source image data

3.1.13
component

two-dinensi array o
output or display device

3.1.14
continuous-tone image
image whose components (3.1.13) have more than one bit (3.1.3) per sample (3.1.42)

3.1.15

data subpacket

subset of a packet (3.1.34) which consists of the quantization index magnitudes (3.1.41), followed by
padding (3.1.35) and optional filler bytes (3.1.24)

Note 1 to entry: See subclause C.5.4.

2 © ISO/IEC 2019 - All rights reserved
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3.1.16
deadzone quantizer
quantizer whose zero bucket has a size different from all other buckets

019(E)

Note 1 to entry: Based on this, inverse deadzone quantizers can be defined as inverse quantizers whose zero

bucket has a size different from all other buckets.

3.1.17
decoder
embodiment of a decoding process (3.1.18)

1.18
ecoding process
rocess which takes as its input a codestream (3.1.8) and outputs a continuous-tone image/(3.1.1

ecomposition level
et of wavelet coefficients (3.1.10) resulting from a particular level of recursive.application of a|

3
d
d
3.1.19
d
S
transform

(F%)]

1.20
ncoder
mbodiment of an encoding process (3.1.23)

[N )

A1.21
ncoding process
rocess which outputs compressed image data in the form of a codestream (3.1.8)

1.22

ntropy decoding
pssless (3.1.28) procedure (3.1.38) which recovers the sequence of symbols from the sequend
3.1.3) produced by an entropy encoding (3.1:23) procedure

ntropy encoding
pssless (3.1.28) procedure (3.1.38) which converts a sequence of input symbols into a sequeng
B.1.3) such that the average number of bits per symbol approaches the entropy of the input sy

3

e

B

3

e

I

(
3.1.23
e

I

(
3.1.24
filler bytes
ihteger number of hytes (3.1.7) a decoder (3.1.17) will skip over on decoding without interprg
values of the bytes itself
3.1.25

ipverse quantization
ihverse_procedure (3.1.38) to quantization (3.1.39) by which the decoder (3.1.17) red
representation of the coefficients (3.1.10)

4)

wavelet

e of bits

e of bits

mbols

ting the

overs a

3.1.26

inverse reversible multi component transformation

inverse RCT

inverse transformation across multiple component (3.1.13) sample (3.1.42) values located at t
sample grid (3.1.43) point that is invertible without loss

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

3.1.27
LL band

he same

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

vertical direction

© ISO/IEC 2019 - All rights reserved
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3.1.28

lossless

being such that, for encoding and decoding procedures (3.1.38), the output of the decoding procedure(s)
is identical to the input to the encoding procedure(s)

3.1.29

lossless coding

mode of operation which refers to any one of the coding processes defined in this document in which all
of the procedures (3.1.38) are lossless (3.1.28)

3.1.30

sign subpacket

subset df a packet (3.1.34) that consists of the sign information of all non-zero quantization)indicq
(3.1.40) within a packet, followed by padding (3.1.35) and optional filler bytes (3.1.24)

[%)

Note 1 tgentry: See subclause C.5.5.

3.1.31
significance

attribute of code groups (3.1.9) that applies if, depending on the Run Mode flag\in the picture heade
either af least one of coefficients (3.1.10) in the code group is non-zero, pr.the bitplane count (3.1.5
predictipn residual of the code group is non-zero

—

3.1.32
significance group

group of horizontally adjacent code groups (3.1.9) sharing the same significance (3.1.31) information i
the significance subpacket (3.1.33)

—

3.1.33
significance subpacket

subset ¢f a packet (3.1.34) that identifies which @ignificance groups (3.1.32) within a packet ar
insignificant, followed by padding (3.1.35) and optional filler bytes (3.1.24)

[¢)

Note 1 toentry: See subclause C.5.2.

3.1.34
packet
segment of the codestream (3.1.8)-centaining entropy coded information on a single precinct (3.1.36),
line and|a subset of the bands (3/1.1) within this precinct and line

3.1.35
padding
bits (3.1/3) within the €odéstream (3.1.8) whose only purpose is to align syntax elements to byte (3.1.7
boundaties and that'earry no information

R

3.1.36
precinck
collectiqnrof*quantization indices (3.1.40) of all bands (3.1.1) contributing to a given spatial region of
the image

3.1.37

precision

number of bits (3.1.3) allocated to a particular sample (3.1.42), coefficient (3.1.10), or other binary
numerical representation

3.1.38

procedure

set of steps which accomplishes one of the tasks which comprise an encoding (3.1.23) or decoding
process (3.1.18)

4 © ISO/IEC 2019 - All rights reserved
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3.1.39
quantization
method of reducing the precision (3.1.37) of the individual coefficients (3.1.10)

3.1.40
quantization index

input to the inverse quantization (3.1.25) process which reconstructs a wavelet coefficient (3.1.10)

3.1.41
quantization index magnitude

solute value of a quantization index (3.1.40)

1.42
mple
single element in the two-dimensional image array which comprises a component (311.13)

mmon coordinate system for all samples (3.1.42) of an image, where the.samples at the top
f the image have the coordinates (0,0), the first coordinate increases:fewards the right, the

truncation position
umber of least significant bitplanes.(3.1.4) not included in the quantization index (3.1.40) of a
efficient (3.1.10)

1.47
niform quantizer
uantizer whose buckets-are all of equal size

ote 1 to entry: Based in this, inverse uniform quantizers can be defined as inverse quantizers whos
e all of equal size,

rocedure (3.1.38) by which the spatial resolution of a component (3.1.13) is increased

eft edge
b second

decoded

line of a

wavelet

b buckets

.1.49

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

LSB least significant bit

MSB most significant bit

© ISO/IEC 2019 - All rights reserved
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3.3 Symbols

Blc] bit precision of component c

B wavelet filter type

b band type

Bw nominal overall bit precision of the wavelet data

Br number of bits required to encode a bitplane count in raw

Cpih colour transformation type

c[p,AbH] wavelet coefficient in precinct p, line A, band b and position x

Cs width of precincts other than the rightmost precinct in sample grid pgsitions

Cw width of precincts in multiples of 8 LL subsampled band sample grid positions

D[p,b] bitplane count coding mode of band b in precinct p

D¢[p,s] raw coding mode override flag for packet s in precinct p

Fs sign packing flag

Fslc slice coding mode

Fq number of fractional bits in the representation of wavelet coefficients

G[b] gain of subband b

Hpla] height of subband a in wavelet cpefficients

Hc[i] height of the component i incsample points

Hr height of the image in sampling grid points

Hp height of a precin¢tin lines

Hg height of a slice in precincts

I[p,b,A,s line inclusion flag, set if line A of band b and precinct p is included in packet s, reset
otherwise

Lo[p,b] first line of band b in precinct p

L1[p,b] last line + 1 of band b in precinct p

Lcod codestreamrtengthinbytes

Ldat[p,s] size of the data subpacket of precinct p and packet s in bytes

Lent[p,s] size of the bitplane count subpacket of precinct p and packet s in bytes

Lsgn[p,s] size of the sign subpacket of precinct p and packet s in bytes

Lprc[p] length of the entropy coded data in precinct p

Lslc slice length in bytes

6 © ISO/IEC 2019 - All rights reserved
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M[p,A,b,g] bitplane count of precinct p, line A, band b and code group g

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

N¢ number of components in an image

Neg[p,b] number of code groups in precinct p and band b

Np number of bands per component

Ng number of coefficients in a code group

Ns[p,b] number of significance groups per line band b of precinct p

Nplt] number of precincts in slice t

NL number of bands in the wavelet decomposition of the image (wavelet filter types times
components)

NL,x number of horizontal decomposition levels

NLy number of vertical decomposition levels

Np,x number of precincts per sampling grid line

Npy number of precincts per sampling grid colunin

Npclpl number of packets in precinct p

A[c,xy] unscaled output of the inverse wavelet transformation at coordinates x and y of the
component ¢

Qle,x,y] output of the inverse multiple component transformation at position x,y for component c

H[b] priority of band b

Hlev level a particular codestream complies to

Hpih profile a particular codestream complies to

Hpoc progression order in which bands are transmitted in the codestream

Qlp] quantization parameter of precinct p

Qpih quantization type of the picture

Hm run mode used for significance coding

R(pl refinement of precinct p

R[c,x,y] reconstructed sample value at position x,y for component ¢

Ss size of a significance group in code groups

sx[i] sampling factor of component i in horizontal direction

syli] sampling factor of component i in vertical direction

s[p,A,b,x] sign of the wavelet coefficient in precinct p, line A, band b and position x

T[p,b] truncation position of precinct p and band b

© ISO/IEC 2019 - All rights reserved 7
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Ttop[p,b] vertical truncation position predictor of precinct p and band b

T[B,x,y] temporary wavelet coefficient of filter type 8 at location x,y

v[x,y] sample value at the sample grid position x,y

v[p,A,b,x] quantization index magnitude of the wavelet coefficient in precinct p, line A, band b

and position x

Wp[b] width of band b in wavelet coefficients

W¢[i] width of component i in samples

We width of the image in sampling grid points

Wp[p] width of the precinct p in sampling grid points

Wpb[p,b| width of subband b of precinct p in coefficients

Wty wavelet filter type for horizontal filtering

Wty wavelet filter type for vertical filtering

X[yl one-dimensional temporal array of wavelet coefficients

Yslh vertical slice order within the picture

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

4 Conventions

4.1 Co¢nformance language

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

[72)

4.2 Operators

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

+ 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 xx2s

>>

right shift: x>>s is defined as Lx/ZSJ

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

8 © ISO/IEC 2019 - All rights reserved
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4.2.2 Logical operators

Il logical OR

&& logical AND

! logical NOT

4.2.3 Relational operators

> greater than

= greater than or equal to

< less than

= less than or equal to

9= equal to

I+ 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
line, they have equal precedence. When several operators ofiequal precedence appear at the same Ig
ekpression, evaluation proceeds according to the associativity of the operator either from right to lef
l¢ft to right.

(Qperators Type of operation Associativity

(i expression left to right

[ indexing of arrays left to right

= unary negation

o, / multiplication, division left to right

Umod modulo (remainder) left to right

4, - addition and subtraction left to right

4<, >> left shift and right shift left to right

q4,> 5.2 relational left to right

& bitwise AND left to right

the same
vel in an
[ or from

4.2.5 Mathematical functions

© ISO/IEC 2019 - All rights reserved
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sign(x) sign of x, 0 if x is 0, +1 if x is positive, -1 if X is negative

clamp(x,min,max) clamp x to the range [min,max]

clamp(x,min,max) equals min if x < min, max if x > max or otherwise x

max;(x;) maximum of a sequence of numbers {x;} enumerated by the index i

5 Functional concepts

5.1 Sample grid, sampling and components

An image is defined as a rectangular array of scalar or vectorial samples regularly alignéd along
sample prid of Wy sample positions horizontally and Hf sample positions vertically. W(is; called t
width and Hgis called the height of the image. The vector dimension of the image samplesicorresponds
to the npmber of colour components present and is indicated by N, the number of;components of t
image. Hach dimension of this vectorial data corresponds to one component of thesimage, and typicall
represents one of multiple colour channels of the data. Components may be. fed; green and blue, o
Luma (Y) and Chroma (Cb,Cr). These are only non-exhaustive examples of ceniponents, and other use
are posdible.

wn =

A given fomponent may or may not populate every point on the samplé grid. The distance, or sampling
factor, bptween sample points of a component shall be constant in-each spatial dimension throughoyt
the image. The horizontal and vertical sampling factors of compenent i of an image are denoted by sx[1]
respectively sy[i] where i enumerates the components. Annex B provides further specifications op
compongnt sampling.

This dofument does not specify how to interpret the sample values, or how to reconstruct fror
subsampled components an array of samples that populates the entire sample grid, i.e. it does nd
specify how to upsample components to the full resolution of the sampling grid. It neither specifie
the registration of the components relative to each other. The sampling grid provides only an abstrag
coordingite system for the computation of positions and dimensions of codestream elements.

= N =+ =

5.2 Wavelet decomposition

This dogument provides an efficient'representation of image signals through the mathematical togl
of wavelet analysis. The wavelét;filter process specified in Annex E separates each component intp
multipld bands, where each(band consists of multiple coefficients describing the image signal of p
given cdmponent within a frequency domain specific to the wavelet filter type, i.e. the particular filtdr
corresppnding to the band,

Wavelet| coefficients are grouped into precincts, where each precinct includes all coefficients over all
bands that contribyite to a spatial region of the image. Each precinct is encoded into one or multiple
packets In the codéstream syntax specified in Annex A.

Precincfs@re furthermore grouped into slices. Wavelet coefficients in precincts that are part of differerjt
slices canbe-decodedindependently-fromeach-otherHoweverthe-wavelettransformationruns-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.

5.3 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. Bits within bytes are
transmitted in decreasing magnitude order, with the MSB of a byte transmitted first and the LSB
transmitted last.
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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 com

ply with

the syntax and code assignments appropriate for the decoding processes defined in this document.

The codestream consists of multiple syntax elements: marker segments define control information
necessary to steer the decoding process, and entropy coded data organized in packets that represent
image information itself. Packets are further grouped into subpackets, each of which includes particular

information such as magnitude, signs or significance of parts of the encoded image data.

All marker segments defined in this document are specified in Annex A. This annex also provides an

) Encoder requirements

equirements specified in Annex A. Annex C to Annex G include informative subclauses that
ow an encoder may be implemented.

€
An encoder is an embodiment of a process that generates a codestream that conforim' to the sy
iy
h

~y

7 Decoder

7.1 Decoding process general provisions

ecoding can be grouped into a syntax analysis part inblock 1, an entropy decoding stage cong
hultiple blocks 2.1 to 2.4, an inverse quantization in bleck 3, an inverse wavelet transformation|
and an inverse multiple component transformation in block 5. In block 6, sample values are
C offset is added, and they are clamped to their'ieminal ranges.

=ah 5 ol M

dverview on the organization of the codestream. Packets and subpackets are specified in Annek C.

htactical
indicate

igure 1 provides an overview on the decoding process and/the layout of this document. Codestream

isting of
in block
scaled, a
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1. A

2.1:C.5.2 »| 2.2:C.5.3,C.6 » 23:C54 » 24:C55
Z[.] ML..] V[.]

VIP,A,0,X] S[P,A,D,X]

3:D

c[p,A,b,X]

4. E

y OIxyc]

5F

Q[xy.cl

6: G

‘ R{x.y.cl
Figure 1 — Decoder overview

In Block{1, described in Annex A, the decodef analyses the codestream syntax and retrieves informatiop
on the ldyout of the sampling grid, and thej)dimensions of slices and precincts.

The sulpackets of the entropy coeded data segment of the codestream are then decoded by the
procedufres given in Annex C,te_form significance information, sign information, bitplane cournt
informafion and quantization.indices. This operation is performed in blocks 2.1 to 2.4 in Figure 1.

In block[2.1, significance information is decoded from the significance subpacket as specified in subclausle
C.5.2. Denoted by theatray Z[p,A,b,j], significance information indicates the presence of significar]t
code gr;;ups within £he“jth significance group. Each significance group corresponds to a run of code
groups indexed by precinct p, line A and band b. A code group is significant if, depending on the Ruph
Mode fl3g Rm in.the picture header, it either contains non-zero coefficients, or has a non-zero bitplane
count prjedictioen residual.

In block| 222, bitplane counts are decoded from the Bitplane count subpacket as specified in subclause
C.5.3 by the procedures specified in subclause C.6. The integer array M[p,A,b,g] indicates the bitplane
counts of the wavelet coefficients in the code group g indexed by precinct p, line A and band b.

In block 2.3, Quantization index magnitudes v[p,A,b,x] in precinct p, line A, band b, and horizontal
position x are decoded from the data subpacket as specified in subclause C.5.4.

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 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 coefficients c[p,A,b,x].
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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 and y are 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, giving intermediate image sample values Q[x,y,c]. The inverse multiple component
transformation is specified in Annex F.

In block 6, a DC offset is added to the decorrelated sample values Q[x,y,c], they are scaled to their
nominal range and then clamped to the range of the bit-precision of the output, giving the final

1
B

et M ertls 1o Wa o Tl S

ol HoVie ol

econstructed output sample values R[x,y,c] populating the sample grid positions xxsx[c], y*sy
rocedure is specified in Annex G.

.2 Decoder requirements

decoder is an embodiment of the decoding process. The decoding process converts a codest]
erforming the process specified in this document to sample values arranged ©n a rectangular g

n the sense that the decoded output image produced by an implementation of a decoder sha
ame as the decoded output image produced by the decoding procgsses specified in this dd
hcluding those processes specified in Annexes A through G.

here is no normative or required specification for the particular internal steps or ordering of]
perations to be performed within the decoder that are ssed to produce the normatively s
esult. Only the result that is externally observable as<th€ decoded output image produce
ecoder is required to match the result produced by thédecoding processes specified in this dd
he descriptions use particular implementation techniques for illustrative purposes only,
mplementation that is able to reproduce the samex€sult as those generated by the algorithms 4
erein is conforming to this document.

[c]. This

ream by
ampling

rid. Annexes A to G describe and specify the decoding process. All decoding processes are noEmative,

|1 be the
cument,

internal
pecified
1 by the
cument.
and any
pecified
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Annex A
(normative)

Codestream syntax

A.1 General

A.1.1 Marker segments and entropy coded data

The compressed data format consists of an ordered collection of syntax elements. This” documerjt
disting:]]ishes between three types of syntax elements: Marker, marker segments and entropy coded datq.
Markerg serve to identify the various structural parts of the codestream. Most markers start markdr
segments, where marker segments signal the characteristics of the encoded image and encapsulate
parameters configuring the decoder. Some markers stand alone. Entropy coded data consists of the inpyt
to the d¢coding procedure described in Annexes C to G which reconstructs this data to the output imagg.

A.1.2 Key to syntax information

JPEG XS|codestream syntax elements belong to one of two categoties: fixed-length numerical values, o
variableilength codes. In the syntax tables, the “Syntax” column*indicates the category to which each
codestr¢am syntax element belongs, in the “Size” column the size of each field is identified (if applicable).
Fixed-lehgth numerical values are unsigned integers and are denoted by u(n), where n is the numbedr
of bits ulsed to represent the value. Variable-length codes.are denoted by vic; see subclause C.7 for the
normatiye decoding procedure of variable length codes. Bit strings and variable-length codes appear ip
the codgstream with the left bit first; numerical valties appear most-significant bit first. The notatiop
pad(n) indicates a variable number of padding bits. Padding aligns the bitstream to an n-bit boundary,
i.e. to a1} integer multiple of n bits relative to, the start of the bitstream. Thus, pad(n) expands to 0 tp
n-1 bits|depending on the position within the bitstream. While padding bits can have arbitrary value$,
a decoder shall ignore their value. The Magtation fill() indicates an arbitrary number of filler bytes
decoder{shall remove without interpreting their value. The amount of filler bytes can be inferred from
length field of a corresponding syntaxelement.

—

Syntax glements may be conditienally included in the codestream; this is indicated by “if” clauses in t
“Syntax| column of the syntaxtables. All syntactical elements enclosed in curly brackets following t
“if” claupe are only included-if the expression following the “if” clause is non-zero.

The seqpence of multiple similar elements is indicated by “for” clauses in the “Syntax” column of thie
syntax tjables. The tlements to repeat are enclosed in curly braces. The loop itself is specified through
three syintax elements: an initializer setting a dummy count variable indicating the current iteratiop
position|of the.loop, a condition on the count variable for continuing the loop, and an iteration statement
that updatésithe count variable for the next loop. The three expressions are separated by semicola.

NOTE The loop syntax and the syntax for conditional inclusion of elements follow closely the syntax of the C
language.

A.2 Codestream syntax general provisions

A JPEG 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 may 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 sg[i] and sy[i]. Subsampling factors vary
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between 1 and 2. The codestream 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 from entropy coded wavelet
coefficients arranged in multiple wavelet bands; see Annex B for details. The wavelet reconstruction
algorithm is specified in Annex E.

Wavelet coefficients are grouped into precincts. A precinct includes entropy coded data decoding to
rectangular array of wavelet coefficients per bands such that the included wavelet cegdfficients
ontribute to a given spatial region of the image. A precinct is represented in the codeStrepm by a
recinct header, entropy coded data followed by filler bytes.

he entropy coded data is organized in multiple packets, where each packet s contributes to|one line
and one or multiple bands b of a precinct p. Each packet consists of multiple subpackets where each
ubpacket contributes to one aspect of the data, such as significance, bitplanecounts, magnifude and
igns. Filler bytes and padding does not have any impact on the decoded-image. The purpoge of the
ller bytes is to prevent buffer underflow of a potential transmission buffer, the purpose of pddding is
b align the syntax elements in the bitstream to byte boundaries. Decodeérs learn the numbery of filler
ytes following the precinct from the precinct header specified imsubclause C.2, and the nymber of
ller bytes in the subpackets from the subpacket header specified in subclause C.3. Decod¢rs shall
bnore the value of the filler bytes.

oiiilion s N o will s dillan s WA BN 2 B~ B v | = o0 9

OTE1 Filler bytes are in no relation to the output of the_ pad() function defined in subclause A.1.2 whose
urpose is to ensure alignment of the codestream to byte baundaries only.

- =z

OTE2  Buffer models, profiles and levels are specified‘in ISO/IEC 21122-2 and are beyond the scope of this
ocument.

oz

recincts are grouped into slices. Each slice €onsists of an integral number of precincts, and|extends
ver the full width of the image. Even though the wavelet coefficients within each slice can be decoded
hdependently, the wavelet transformation runs across slices. A slice is represented in the codestream
y a slice header and one or multiple precincts following the slice header.

o= o

wl

igure 1 gives an overview of the\hierarchy of JPEG XS codestream syntax structures. Table A.1 defines
he overall codestream syntax

—

Table A.1 — JPEG XS codestream syntax overview

Syntax Notes Defined in

Picture() {
SOC_marker(d Identifies this codestream as JPEG XS codestream Table A.3

Identifies the capabilities a decoder needs to support
to be able to decode the codestream

capabilities! marker() Table A.5

picture_header() Defines the overall structure of the codestream Table A.6

Defines the precision and sampling factors of all il A ao
. . I1dUICE A. 1O
components in the image E—

11
UIIIPUIICIIL_tdDIC( ]

Defines weight and gain factors that steer the decod-

weights_table() . Table A.16
ing process

extension_marker() Optional extension of the codestream syntax Table A.14
Loop over all slices until all wavelet coefficients of

for(t=0,p=0;!endofimage;t=t+1) { |the image have been decoded, where tis the slice
index and p the precinct index

slice_header() Identifies the ordering of slices Table A.17

Loops over all precincts in a slice, where t is the slice
for(u=0;u<Np[t];p=p+1,u=u+l) { |index, p is the precinct index and u enumerates pre-
cincts within a slice
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Table A.1 (continued)

Syntax Notes Defined in

compute_packet_inclusion(p) Determine the packets that are part of this precinct |Table B.4

Defines prediction modes and the quantization of the

precinct_header(p) precinct Table C.1
for(s=0;s<Npc[p];s=s+1) { Loop over all packets of this precinct

packet_header(p,s) Defines flags and sizes of the packet Table C.3
packe '_hnﬂy(p’c) Containsthe entropy coded data ofthis p:mlmf Table C 3
} End of loop over subpackets

Possible byte-aligned filler bytes at the end of the
fill() precinct to reach the target bitrate. A decoder shall

ignore this data. Subclause C.2 specifies how to de-
termine the number of filler bytes.

Subclause C.2

}
}
EOC_mgrker() Identifies the end of the JPEG XS codestream Table A.4

}

NOTE The number of packets Npc[p] depends on the precinct index p and is computed by the computg
packet_inclusion(p) function specified in Table B.4; in particular, the last precinct of the picture will, by th
procedutle, include less bands than all other precincts if the picture height is not divisible by the precinct height.

v

A3 rkers and marker segments

Markerd 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 §egment consists of a marker, followed by atwo-byte length field, followed by the parameters ip
the marker segment, denoted as payload data i the following. The two-byte length field identifies thie
length of the marker segment, which consists-of the length of the payload data in bytes, and the size gf
the length field itself (two bytes). The length’ field does not include the size of the marker. Parameter|s
are encqded 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 g
0xff. Taljle A.2 lists all markers used by this document, and, in combination with referenced tables froj
Table All, specifies whetherthey stand alone or introduce a marker segment. The semantics of eac
marker and associated marker'segment are further specified in subclause A.4.

—

=it

Some mjarker segments)are currently reserved for future ISO/IEC use. Marker segments can be
mandat¢ry, optional;<or mandatory only if indicated by a capability signalled in the capability markdr
segmen{. Optionaltharker segments may be ignored by decoder implementations by skipping over the
marker segmentsby using its length field. The capability marker may indicate the marker segments
required toccorrectly decode a given codestream. If a decoder encounters a capability it does ngt
implemgntsit 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 value, or is within the range specified in this document.

NOTE1  Future extensions of this document can include additional fields in the marker segments and hence
require an increase in the size the marker segments. Such additional fields can be necessary to decode the
codestream. The above ensures that decoders fail properly when attempting to decode an extended codestream
syntax that they do not support.
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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 document. If a decoder loses synchronization with the codestream, it is advisable that lower
level transport mechanisms regain synchronization as it is not possible to search the codestream for markers;
indeed, bit patterns within the entropy coded data segment can replicate the byte sequences used to identify

marker segments.

Table A.2 — JPEG XS codestream markers

Code assignment Symbol Description Mandatory/Optional Reference
{)xfflO SocC Start of codestream |Mandatory A4l
{)xffll EOC End of codestream Mandatory A4.2
{)Xfle PIH Picture header Mandatory A44
{)xff13 CDT Component table Mandatory Al4.5
{)xff14 WGT Weights table Mandatory A47
{)XfflS COM Extension marker Optional A4.6
{)XffZO SLH Slice header Mandatory A48
xff50 CAP Capabilities Marker |Mandatory A4.3
All other values Optional Reserved for|future
ISO/IEC purposes

v |

document.

@ will ]

A.4.1 Start of codestream

A.4 Syntax description of marker segments

Table A:3 — Start of codestream marker syntax

[sage: Shall be the first marker segmentyin a codestream. There shall be only one SOC mark
eginning of each JPEG XS codestream.

unction: Identifies the codestream as containing an image represented in accordance with this

br at the

Syntax

Notes

Size

Values

tart_of_codestream() {

SOC

u(16)

0xff10

-

LI VvC

A.4.2 End-of codestream

Hunction®Identifies the end of a JPEG XS codestream.

fsage: Shall be the last marker segment in a codestream. There shall be exactly one EOC mark

er at the

PR LA A |
IO Ul TAalll Jl LU A0 CUUCTS

£
I CTarlil.

Table A.4 — End of codestream marker syntax

Syntax Notes Size Values
end_of_codestream() {
EOC u(16) 0xff11
}

A.4.3 Capabilities marker

Function: [dentifies capabilities required to decode a JPEG XS codestream.

© ISO/IEC 2019 - All rights reserved
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Usage: Shall be the second marker segment in a codestream. There shall be exactly one CAP marker
behind the SOC marker.

Currently, this document does not define any capabilities, hence Lcap=2 and cap[i]=0 for all i. Future

extensions will be signalled by a non-zero element in the cap[i] array. Nevertheless, the CAP marker
shall be present.

Table A.5 — Capabilities marker syntax

Svntax Notes Size Values

capabilitfies_marker() {
CAP u(16) 0xff50

Lcap Size of the capabilities marker in bytes (notin-  |u(16) Variable
cluding the marker)

for(i=0;}]<(Lcap-2)x8;i=i+1) { |Loop over capabilities bits

capli] Requirement of capability i. cap[i] is 1 if capabili- |u(1)
ty iis required for decoding a codestream, and 0
otherwise.
}
Padding Pad to an integer number of bytes pad(8)
}

A.4.4 Picture header
Table A.pb defines the syntax of the picture header.

Functiopn: Provides information on the dimensions of thesimage, the precision of its component and thie
configufation of the decoder.

Usage: $hall be the third marker segment in a codestream directly after the CAP marker. There shall be
exactly ¢ne PIH marker in a JPEG XS codestreant.

Table A.6 — Picture header syntax

Syntax Notes Size Values

picture_header() {

PIH u(16) |0xff12
Lpih Size pf the segment in bytes (not including the marker) |u(16) |26
SiZe of the entire codestream in bytes from SOC to EOC, 0—(232-1)
Lcod iicluding all markers, if constant bitrate coding is used.|u(32)
0 if variable bitrate coding is used.
Profile this codestream complies to. Decoders should 0 for no restrictions,
Ppih abort decoding if they identify a profile they do not u(16) |seelISO/IEC 21122-2 for
implement. profiles.
Level and sublevel to which this codestream com- 0 for no restrictions,
Plev plies. Decoders should abort decoding if they identify |u(16) |see ISO/IEC 21222-2 for
alevel they do not support. additional levels.

max; (SX [i])xZNL'X

Wrg Width of the image in sample grid positions u(16) 1
—(216-1)

maxi(sy [i])xZNL'y

H¢ Height of the image in sample grid positions u(16)
— (216 -1)
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Table A.6 (continued)
Syntax Notes Size Values
0—(216-1)
Width of a precinct in multiples of such that either Cw=0 or
8xmax; (S [i])XZNL'X ) sample positions, other than qumod(8><CW x
Cw 7 ’ u(16)
the rightmost precincts. If this field is 0, precincts are . Nixys
as wide as the image. See subclause B.4 for details. max; (SX [1])><2 )=
max; (s, [i])le L
g1 Height of a slice in precincts other than the last slice |u(16) 1— (216A1)
N¢ Number of components in the image u(8) 1—8
Ng Number of coefficients per code group u(8) 4
$s Number of code groups per significance group u(8) 8
Bw Nominal bit precision of the wavelet coefficients u(8) 20
Fq Number of fractional bits in the wavelet coefficients |u(4) 8
B Number of bits to encode a bitplane count in raw uf4) 4
Fslc Slice coding mode u(1) See Table A.12
Ppoc Progression order of bands within precincts u(3) See Table A.11
pih Cologr transformation to be used for inverse,decor- u() See Table A.7
relation
NL,x Number of horizontal wavelet transforimations u(4) 1—8
NL,y Number of vertical wavelet transfgrmations u(4) 0 — min(Nyx,6)
Dpih Inverse quantizer type u(4) See Table A.8
'S Sign handling strategy u(2) See Table A9
Rm Run mode u(2) See Table A.10
]
NOTE The condition on Cw ensures that all but the rightmost precincts have in the LL band atleast 8[samples,
and that all bands of the rightmost-precincts are non-empty.
Table A.7 — Colour transformation
Cpih Meaning
{ No colour transform
| Reversible RGB to YCbCr colour transformation (see Annex F)
P-15 Reserved for ISO/IEC purposes
Table A.8 — Quantizer type
Qpih Meaning
0 Deadzone quantizer (see Annex D)
1 Uniform quantizer (see Annex D)
2-15 Reserved for ISO/IEC purposes
Table A.9 — Sign handling strategy
Fs Meaning
Signs encoded jointly with the data
Signs encoded separately
2-3 Reserved for ISO/IEC purposes
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Table A.10 — Run mode

Rm Meaning

0 Runs indicate zero prediction residuals

Runs indicate zero coefficients
2-3 Reserved for ISO/IEC purposes

Table A.11 — Progression order

Ppoc Meaning
0 The progression order as defined by subclause B.6 (resolution-line-band-component)
1-7 Reserved for ISO/IEC purposes
Table A.12 — Slice coding mode
Fslc Meaning
0 The wavelet transformation runs across slice boundaries
1 Reserved for ISO/IEC purposes

A.4.5 Component table
Table A.]3 defines the syntax of the component table.

Functign: This marker segment specifies the component jprecision and the sampling factors aqf
each component in the image. The number of components*itself is given by the N. parameter of thie
picture header.

Usage: There shall be exactly one component table ii*each JPEG XS codestream. It shall precede thie
first slice header.

Table A.13 —/Component table syntax

Syntax Notes Size Values

compongnt_table() {

CDT u(16) 0xff13

Ledt Size of the segment in bytes, not including u(16) 2xN, +2

the marker
_ o Loop over components. The number of com-

for(c=0gc<Neic=c+1) { ponents is specified in the picture header.

B|c] Bit precision of component c u(8) 8-16

sxlcl Horizontal sampling factor of component c u(4) 1 for all compo-

nents,

1 or 2 for compo-
Al

nantg
IS A%

sylc] Vertical sampling factor of component c u(4) 1

} End of loop over components

}

A.4.6 Extension marker
Table A.14 defines the syntax of the extension marker segment.

Function: Extends the codestream by generic or vendor-specific metadata.
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Usage: Zero or more extension marker segments may be present in a codestream. If present, any
extension marker segment shall precede the first slice header in the codestream.

Table A.14 — Extension marker segment syntax

stream. The interpretation of this statementds beyond the scope of this document. Dcom
is a zero-terminated, ISO/IEC 646 encoded\string identifying this statement.

Syntax Notes Size Values
extension_marker(){
COM u(16) 0xff15

.Com Size of the marker segment, not including the marker 1u(16) Variable, at least 4
Tcom Type of the extension u(16) See Table'd.15
Dcom User-defined data Variable |Variable
Padding Padding to an integer number of bytes pad(8) 0
]
)
Table A.15 — Tcom encoding

Tcom Meaning

0x0000 Vendor of the encoder, Dcom is a zero-terminated, [SO/IEC 646 encoded string id¢ntifying
the vendor of the encoder

0x0001 Copyright statement that the codestream creator wants to convey to users of the code-

Px8000-0xffff

Vendor-specific information. Tcom identifies the type of extension and the vendao.

All other values

Reserved for ISO/IEC use

O o ot ot e ==

o =

A.4.7 Weights table

able A.16 defines the syntax of the weightsi\table.

Table A.16 — Weights table syntax

unction: This marker segment contdins parameters required to set the gain of each band relative to
he precinct quantization. Together:with the parameters in the precinct header (see subclatise C.2),
his allows to determine the quantization of the wavelet coefficients in this band. Details or
se these parameters are spégified in subclause C.6.2. The number of wavelet bands and the
etween band, component@nd wavelet filter type are specified in Annex B.

how to
relation

Jsage: There shall becexactly one weights table in each JPEG XS codestream. This marker shall appear
efore the first slicecheader in the codestream.

Syntax Notes Size Valyes

yeights table() {

WGT u(16) 0xff14

Lwgt ;S}ilzeni);ri(ig SEQIEIN 1T by tes, Tot inciuding u(16) 2XN, +2

for(b=0;b < Np; b =b+1) { Loop over all bands.

G[b] Gain of band b u(8) 0-15

P[b] Priority of band b u(8) 0-255

} End of loop over bands
}
NOTE Annex H lists example configurations for the weights table specified in Table A.16. These

configurations have been optimized for PSNR performance of the encoder. Other choices are possible and can
result in improved visual quality for a certain viewing distance.

© ISO/IEC 2019 - All rights reserved
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A.4.8 Slice header
Table A.17 defines the syntax of the slice header.

Function: This marker segment identifies the start of a slice and provides sufficient information for the
order of the slices within the image.

Usage: A codestream contains one or more slice headers. 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
incremeptal order, i.e. progressing from the top of the image to the bottom of the image.

Table A.17 — Slice header syntax

Syntax Notes Size Values
slice_header() {
SLH u(16) 0xff20
Lslh Size of the segment in bytes, not including u(16] 4
the marker
Index of the slice, counting from line 0 (at the top 0 — (216-1)
Yslh of the image) downwards (towards the bottam\u(16)
of the image)
}
NOTE Slice indices ease to regain synchronization in case transinission errors corrupted the codestream.
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Annex B
(normative)

Image data structures

019(E)

3.1 Dimensions of chroma subsampled image planes

b a rectangular arrangement of integer sample values aligned to the sampling grid of the im
amples of a component are not required to populate every possible position en the sampl
he horizontal spacing between samples of component i is denoted by sx[i] and is called the h
nmpling factor. The vertical spacing of component i is denoted by sy[i] and is ¢alled the vertical ;
ictor. Both horizontal and vertical sampling factors are signalled in thé ¢omponent table 4
h subclause A.4.5. Figure B.1 provides an example of how samples aréedassigned to position
ampling grid.

WV =SSN U 3 vy e Ny =]

—

he number of samples in every row of component i is given by
w.
; f
W.|i|=
10 o

The number of samples in each column of component I'is given by

Vi and Hf are the horizontal and vertical dimensions of the sampling grid of the image as sigi
he picture header.

o =

n image consists of N. components aligned along a regular rectangular sampling grid. Each coimponent

age. The
ng grid.
brizontal
fampling
pecified
s on the

halled in
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<X X X XX X X X
xxx;(xxxx
xxx;(xxxx
xxx;(xxxx
xxx;(xxxx
xxx;xxxx

NOTE 1 | In this figure, sx[0]=sy[0]=1 indicated by round dots, and sx[i]=2¢sy[i]=1 for all other component
indicated by crosses, arrows point towards increasing x and y position. Evén though this figure indicates th
position pf the sample values on the sampling grid from which inclusion-ox exclusion of sample values in imag
structurgs such as bands or precincts is derived, the figure cannot be takenas an indication how a full-scale imag
should bg¢ reconstructed from a 4:2:2 sampled image or how companents are registered relative to each other;
such infgrmation is beyond the scope of this document. In particular, both centered and co-sited positionin
of subsampled components are possible, though no syntax elements are provided within this document 4
distinguish these cases.

@ ® D wn

© 09

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

Figure B.1 — Sampling grid for 4:2:2 sampling

B.2 Dijvision of the subsampled image plane into bands

Each of |the components is dedomposed by a wavelet transformation with Ni, x horizontal and Ny
vertical decomposition levels. Band types are enumerated by two letters indicating the horizontal and
vertical filter type, each ofwhich can be either H indicating high-pass filtering or L for low-pass filtering,
where the first letter corrésponds to the horizontal filter type and the second letter corresponds to the
vertical filter type. Thefilter type is followed by two subscripts indicating the horizontal decompositio
level dy jand the vettical decomposition level dy. The algorithm of the wavelet transformation itself j
specifiel in Annex/E. The filter type, as the collection of horizontal and vertical filtering and horizontg
and Ver%ical decomposition depth, is collapsed into a single number 8 by a procedure given by subclaus

—

D 10 — »n

B.3. Findlly, the filter type 8 and the component index ¢ are combined into a band index b by a procedur
also given'in subclause B.3

The width Wy[b] of band b at d«[[3] horizontal decompositions of component i is given by:

Ww.|i W, |i
w, [b]zLdiB}%w for a horizontally low-pass filtered band and W, |:b:|= dec[%w/Z for a

horizontally high-pass filtered band.

The height Hp[b] of band b at dy[[] vertical decomposition levels of component i is given by:
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H_|i H_.|i
H [b] = —= [ ] for a vertically low-pass filtered band and H [b] = A /2| for a vertically
b d,[5] ’ a,[p]1
277 27

high-pass filtered band.

In case of 0 vertical wavelet decompositions, a vertical high-pass does not exist and Hp[b] is identical to
Hc[i] for all bands b contributing to component i.

Pandindicnc haoseigantal and vunsdianl dacasasancrtin Iagalc
Dantu TnurCe S, norZomntar antr vy Craatar aCtonrposSITroIr ICverS

2
T

ands are the result of the wavelet decomposition of a component i with a wavelet filter $:Thelwavelet
Iter type B is an index in the range of 0 to Ng-1, where Ng enumerates the number of different
yavelet filters. Ng is computed from the number of horizontal decomposition levels, Ny, x and| vertical
ecomposition levels Ny, y as follows:

Q. < =

Ng =(2xmin(Ny Ny )+max(Ny Ny, )+1)

The wavelet filter type B is computed from the horizontal decomposition depth dy and|vertical
decomposition depth dy as follows: Set T« to 1 if the band is a horizontal high-pass, otherwise sqt tx to 0.
Similarly, set Ty to 1 if the band is a vertical high-pass, otherwise Set'ty to 0. Then for Ny, x=N|, y fompute

f- (NL,x_dx)+Tx ifdx>dy

(Npx =Ny, )+7,+21, +3%(N, , —d ) otherwise.

NOTE1  For N x<Nyy, interchange N, x with Ny, y andAdy with dy. However, this case is not consider¢d in this
document.

NOTE 2  For 5 horizontal and 0 vertical levelsi/the above formula results in Table B.1; for 5 horizontal and 1
viertical levels, the above formula results in Tabte B.2; for 5 horizontal and 2 vertical levels, it results in Table B.3.
The enumeration of bands in the tables follews the language of subclause B.2.

Tlable B.1 provides the resulting entimeration of wavelet filter types for 0 vertical and 5 hdrizontal
wavelet decompositions, Table B.2-the resulting enumeration of wavelet filter types for 1 verti¢al and 5
Horizontal wavelet decompositions and Table B.3 the resulting enumeration of wavelet filter types for 2
vertical and 5 horizontal wavelet decompositions.

(wwl

ands are enumeratedby a single sequential number b. This sequential number is an index in the range
to N.-1, where N Couints the number of bands. N, is computed from Ng and the number of components
c as follows:

o le»)

N, =N, 585

—

he band index b is computed from the wavelet filter type B and the component index|i in the
bllowing way:

-

b=N.xB+i

Table B.1 — Wavelet filter types for 0 vertical and 5 horizontal decomposition levels

Wavelet filter type Wavelet filtering and decomposition depths
(subscripts are dy and dy)
0 LLs,0
HLs 0
2 HL4,0
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Table B.1 (continued)

Wavelet filter type 8 Wavelet filtering and decomposition depths
(subscripts are dy and dy)
3 HL3,0
HLz2,0
5 HL1,0

Table-B-2—Wavetetfil for  cabamd-Shori d tromtevel

Wavelet filter type Wavelet filtering and decomposition depths

(subscripts are dx and dy)

LLs,1

HLs 1

HL4 1

HL3,1

Hlzyg

HD1,1

LH1,1

NN | WIN|-|O

HH1,1

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

Wavelet filter type Wavelet filtering and decomposition depths

(subscripts are dy and dy)

LLs 2

HLs 2

HL4 2

HL3 2

HL2 2

LH2 2

HH3,2

HL1,1

LH11

O/ N|an|ju|Hh|w|N|—=|O

HH1 1

NOTE 3
wavelet
that have

In the above tables, the wavelet filter types are indicated by two capital levels, giving the type of th
ilter insherizontal and vertical direction, and two subscripts, counting the number of decomposition
been‘applied in horizontal and vertical direction. A letter H indicates high-pass filtering, a letter L low

[¢)

%)

y

pass filte

ring.
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B.4 Division of the wavelet-transformed image into precincts

The wavelet coefficients are partitioned into a rectangular grid of Np xxNp y precincts, where Np x is the
number of precincts per line of the sampling grid, and Ny y is the number of precincts per column. Each
column other than the rightmost column is

_ | 8XCwxmax; (s, [i])xZNL'X if Cw>0

w ¥ otherwise

w

hmple grid positions wide, where Wy and Cw are signalled in the picture header, and the k«[i] are
ignalled in the component table. Each precinct contains coefficients from a rectangular|area of
oefficients from all bands. These coefficients, in turn, correspond to a rectangular regionjofimgge data.

Q

NOTE While not a requirement specified in this document, it is generally advisable tq select Cw fin such a
bay that the rightmost column is approximately of the same size as that of all other columhns

<

The number Npx of precincts per line and the number Ny of precincts per, column are degfined as
fpllows:

w H
f f
N .,=|——|and N, , =
P {Cj Py |72NL,)’“

'here Wy is the width of the sampling grid, Hr is the height of.the sampling grid, Cs is the colunin width
n sampling grid positions and Ny, y the number of vertieal decomposition levels. Wy, Hf and [N y are
ignalled in the picture header specified in subclause A.4.3.

0 = <

Hrecincts are assigned sequential numbers p, denoted as precinct indices, where p runs from 0 to
p,x*Npy—1 with Np x and Np y defined as above.The sequential number enumerates the predincts on
he sampling grid in a raster scan manner, i.e. fitstly from left to right, and secondly from top to|bottom.

o =

Hrecinct number p is H, =2NL'y sampling grid lines high and W), I:p:l sampling grid columps wide,

Wwhere the latter is computed as
C if pumodN, , <N, , -1
W,[p]= e
(Ws —1)umod €y )+1 otherwise

[Jenote by (xp,yp) the coefficient positions within band b, i.e. Xy runs from 0 to Wp[b]-1 and yp ryins from
( to Hp[b]-1, with W§[b] and Hp[b] the band dimensions as defined in subclause B.2. Then a spmple in
Hand b at position.(Xpyp) is part of precinct p if and only if

1] 7o odx[6]
XS, |1|x2"Y X X2 X
[NP ‘: Vb yl:] and pumod N , = Xp SX[é]

N
DX 2Ly s

yhefe dy[B] and dy[P] is the horizontal respectively vertical decomposition depth of the filter fype B of
ard b. The filter type B and the component i are computed from the band b as follows:

o <

B=|b/N.| i=bumodN,

NL,x and Ny, y are the number of horizontal and vertical decomposition levels, and sx[i] and sy[i] are the
horizontal and vertical sampling factors of component i.

Wy [p]
2dx[B]

The width Wpp[p,b] of band b in precinct p is computed by W, [p,b]z{ w for a horizontally
wy[r]

low-pass filtered band and W, | p,b |=
pb I: ] Hrzdx [ﬁ:l_l

LZ‘ for a horizontally high-pass filtered band. By
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this definition, Wpp[p,b] indicates the number of wavelet coefficients and also the number of
quantization index magnitudes per line in precinct p and band b.

B.5 Division of precincts into lines

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

Ae@ﬂp1]

Band b in precinct p is included in lines A = Lo[p,b] and A < L1[p,b], where Lg is the start line and E; thie
(exclusiye) end line of band b in precinct p. Lo[p,b] and L1[p,b] are computed as follows:

Lo[a,pjzzNL'y_dy[ﬁ] T, [b] and

Ly

1

9,p:|=L0 [b,p:|+min H, [b]_{Np JxZNL,y—dy[ﬁ] ,ZNL’y_dY[ﬁ]
b,X

where f|is computed from b as indicated in subclause B.4. Figure B.2 provid€s an example how an image
is dividgd into precincts, lines, bands and packets.

[72)

NOTE 1 | By these formulae, the bottommost precinct of a picture can/contain bands that contain fewer ling
than the pands in all other precincts. In particular, some of these bands.can be even empty.

L [2,0]=0
L,[2,0]=1"
L,[2,27]=2
L [2,27]+4
1

Figure B.2 — Precincts, slices and packets
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NOTE 2 In Figure B.2, a 5 level horizontal and 2 level vertical decomposition with a slice-height of 4 is
presented. Medium lines indicate precinct boundaries, thin lines band boundaries and thick lines the image
boundary. Dotted lines belong to a separate slice. The precinct denoted by a) depicts the band indices for all
bands that contribute to component 0, the precinct indicated by b) depicts the packet indices. The shaded area
in b) consists of a single packet. 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 grouping of lines of bands into packets is demonstrated for precinct p=3. Columns are disabled and precincts
extend over the full image. The presence of a band in the precinct for the last precinct of the picture cannot be
easily inferred from Figure B.2.

B.6 Grouping of lines and bands into packets

Hach precinct p is encoded in Ny packets enumerated by the packet index s, which runs friom 0 fo Np-1.
Hach packet contains entropy coded data of one or multiple bands b, but only of one single line 2 of band
h and precinct p. All bands within a packet are coded jointly. Whether line A of band b in predinct p is
ihcluded in packet s is encoded in the line inclusion flags I[p,b,A,s]. This flag is nen-zero in cafe line A
df band b and precinct p is included in packet s, and zero if it is not. As indicated by Table A.1] the line
ihclusion flags for precinct p are computed at the start of this precinct.

he algorithm in Table B.4 computes the line inclusion flags I[p,b,A,s] and the number of packet$ Ny per
recinct:

= =]

hput: horizontal and vertical decomposition depth Ny, x and N1, {number of components N¢, nymber of
ands Ng, line start and end positions Lo[p,b] and L1[p,b] for-all bands, precinct index p.

o N © wll |

Jutput: line inclusion flags I[p,b,A,s] per precinct p, band b, line A and packet s, number of{ packets
pclp] for precinct p.

o~

Table B.4 — Computation of the line inclusion flags

Name Notes

ompute_packet_inclusion(p) {
5=() Reset packet index
B1=max(Np, x,NL,y)-min(Ng, x, N y)+l Number of included bands in the first packet
for(B=0;B<P1;B=B+1) { Loop over filter types

for(i=0;i<Ng;i=i+1) { Loop over components

I(p,N¢xB+i,0,5)=1 1 bands of all components included in the first packet

}
for(Bo=P1; PaNp:Bo=Lo+3) { Loop over proxy levels until all wavelet types are coverled

_ Loop over all lines within the band
for(A=0:< 2 1Y dy[fo] A=A+1) {

for(B="Bo; B< Bo+3; B=B+1) { Loop over all filter types within the resolution level
H(A+Lo[p, NexB] < L1[p, NexB]) { Check whether the line is in the precinct

s=s+1 Create the next packet

for(i=0;i<Ng;i=i+1) { Loop over components

I(p,NexB+i,A+Lo[p, NexB],s)=1

End of loop over components

End of loop over filter types

}

} End of test for line within the precinct
}
}

End of loop over lines
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Table B.4 (continued)
Name Notes
} End of loop over proxy levels
Npc[p]=s+1 Define the number of packets in total
}
NOTE The above algorithm results for 3 components, 5 horizontal and 0 vertical wavelet decomposition in

the line inclusion flags as listed in Table B.5, for 3 components, 5 horizontal and 1 vertical wavelet decomposition

in Table Ig .

Table B.5 — Line inclusion flags for zero vertical decomposition level

Packet index s Line number A Included bands
0 0 (0,1,2) (3,4,5) (6,7,8) (9,10,11)1¢12,13,14),
(15,16,17)

Table B.6 — Line inclusion flags for one vertical decompositionlevel

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)

Table B.7 — Line inclusion flags for twowxeértical decomposition levels

Packetindex s

Line number-X

Included bands

0

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 0N |Ul|[D|W|N|-

W W RN N IO | RO

(27,28,29)

B.7 Dijvision of precinct lines into code groups

Consec

e

of joined coding. The number of coefficients within one code group is denoted by Ng and is constant
throughout all bands and precincts. The first sample of the first code group in a line of a precinct
corresponds to the first coefficient of that line. In case the width of the line is not a multiple of the code
group size, the last code group is padded to include Ng samples. An encoder can output arbitrary values
for these samples. A decoder shall ignore samples resulted from padding in all subsequent steps such as

the wavelet transformation.

30
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The number of code groups N¢g[p,b] of precinct p and band b is computed as follows:

Neglp,bl=| Wy [0 ]/N, |

where Wpp[p,b] is the width of precinct p and band b in coefficients and Ng is the size of a code group in

coefficients.

B.8 Grouping of code groups into significance groups

bast one non-zero coefficient or one code group has a non-zero bitplane count prediction
epending on the selection of the run-mode Rm.

Q.= W — —0Q =

The number of significance groups Ng[p,b] in band b is computed as follows:

M.l b1-| Wy [95]/ (N <5, ]

<

fhere Wpp[b] is the width of the band b in precinct p in coefficients, Ng is the number of coeffi
code group and S is the size of a significance group in code groups.

QO

B.9 Grouping of precincts into slices

fan)

ne or multiple precincts are grouped into sliegs. Restrictions on bitplane count decoding enst
ertical prediction is disabled across slice boundaries; this ensures that wavelet coefficients
gart of different slices can be decoded independently of each other. Slice number t consists of

<

Hy Hy

—— |umod Hyg | if (t+1)xH g >| ——

Np[tJZNp,xX Hp Hy
H; otherwise

grecincts where Hg is,signalled in the picture header, Hris the height of the picture, Hp, is the hg
drecinct in lines and’ Ny is the number of precincts per row.

F significance coding is enabled, multiple code groups are furthermore grouped into sigyificance
roups. A significance group comprises Sg consecutive code groups of a line A in precinct'pyand band p.
he first code group of the first significance group corresponds to the first code group of the [precinct
ne. The last significance group of a precinct line may cover only a smaller number-of code ggoups. A
ignificance group is significant if at least one code group within the significance”group contains at

residual,

cients in

Ires that
that are

ight ofa
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Annex C
(normative)

Entropy decoding

C.1 Entropy decoding general provisions

Encoded image data is structured in slices (see subclause B.9) where each slice includes the'wavelgt
coefficignts necessary to reconstruct a horizontal stripe of the image. Slices are represented in thie
codestrg¢am by slice headers and subsequent precincts; see subclause A.4.8 for the syntax of a slide
header. |Data following 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 precinct header, one or multiple packets, and optional fillet bytes; see Table A.[lL
for detalls. Subclause C.2 specifies the structure of the precinct header.

Each pagket s of a precinct p consists of a packet header and a packet“hody which itself includgs
multiplg subpackets. Subclause C.3 specifies the structure of the packetheader, and subclause C.4 thie
structurle of the packet body. Each subpacket contributes directly or-indirectly to the quantizatiop
index mpagnitudes v[p,A,b,x] and wavelet coefficient signs s[p,Ab,x]. Some subpackets are optional;
their ex]stence is indicated by flags in the precinct header or piéture header, depending on the type gf
the subpacket.

NOTE 1 | This document does not define a mechanism to _resSynchronize the decoder to marker or packg
boundaries. The entropy coded data can contain byte sequences that reassemble markers or marker segments.
lower leyel transport protocol beyond the scope of this docitment is needed to ensure proper resynchronizatio
to frameor slice boundaries.

==

The significance subpacket includes for each'significance group a single bit that, if set, indicates
that all fode groups within the corresponding significance groups are insignificant. A code group is
insignificant if it contains only zero coefficients, or its bitplane count residual is zero, depending on t

Run Modle flag Rm in the picture header. The significance subpacket is an optional packet that is on]—fl;
included if bit 1 of the bitplane count'coding mode D[p,b] field in the precinct header is non-zero and
the raw mode override flag Dy[p;s]-field in the packet header is 0. The significance subpacket is definefd
in subclguse C.5.2.

The bitplane count subpacket defines for all code groups in significant significance groups the bitplane
count M[p,A,b,g] of a.cede group g. The bitplane count together with the truncation position T[p,H
specifie$ the numbet of'bitplanes included for all coefficients within a code group. The bitplane cour
subpacket is a mandatory packet that is always present. It is specified in subclause C.5.3.

et —

[}

The datp subpacket defines the quantization index magnitudes v[p,A,b,x] for all code groups whos
bitplane count is larger than the truncation position. If the Fs flag of the picture header is 0, the dat]
defined i

s¥)

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.

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 Theentropy 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.
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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 Lprc[p] field in the precinct header. Decoders shall ignore the filler
bytes and skip over it, without interpreting the data stored there. Table C.1 specifies the syntax of the
precinct header.

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

Qutput: size of the precinct in bytes including filler bytes Lprc[p], precinct quantization Q[p], jprecinct
refinement R[p] and bitplane count coding modes D[p,b] for all bands b.
Table C.1 — Precinct header syntax
Name Notes Size Valyes
precinct_header(p) {
Length of the entropy coded data in this pre-
cinct including filler bytes measured in bytes:
The number of bytes in this field counts from (920
Lpre[p] the end of the precinct header of this précinct u(24) 1-(220-1)
up to, but not including the first byteofthe
next precinct header, slice header o¥’EOC.
Precinct quantization. This fi€éld is input to
the algorithm specified in subclause C.6.2 to B
Qlp] select the truncation positions T[p,b] of all u(8) 0-31
bands of this precinct.
Precinct refinement, This field is input to the
algorithm specifiedin subclause C.6.2 to se- N
Rlp] lect the truncation position T[p,b] of all bands u(8) 0-(Ni-1)
of this precinct.
for(b=0;b<Np;b=b+1) { Loop ovérall bands
D[p,b] Bitplane count coding mode of band b. u(2) See Table .2
} End of loop over bands
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
Bitplane counts of the' code groups of wavelet coefficients are encoded. Table C.2 lists valid encodings
fpr this field in binary, where an "x" indicates a bit position whose value shall be ignored for the purpose
df determining-a’specific function. The bitplane count encoding mode selected by the D[p,b] fields can
He overriddemrby the Dy[p,s] field in the subpacket header; see Table C.3. If D¢[p,s] is non-zero, pitplane
dounts innthe corresponding subpacket are encoded in raw mode (see subclause C.6.4), regardldss of the
vialue of-the D[p,b] field. A total number of N, D[p,b] fields shall be present, regardless of the yalues of
the-Dy[p,s] fields and regardless whether some bands are not included at all because the last prjecinct is
part : :

The D[p,b] flags shall be populated in such a way that vertical prediction is never selected for the
precinct at the top of a slice; this condition ensures that wavelet coefficients in different slices can be
entropy decoded independently of each other.
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Table C.2 — Bitplane count coding modes

D[p,b] Bitplane count coding mode
x0 Prediction from zero
x1 Vertical prediction
0x Significance coding disabled
1x Significance coding enabled

NOTE Table C.2 indicates that bit #1 indicates the presence of significance coding and bit #0 whether vertical
or no prediction is selected.

C.3 Packet header

Data following the precinct header of precinct p consists of one or multiple packets, where,€ach packdt
s repregents the quantization indices of one or multiple bands b and one line A of the precinct p and
all bandp within this packet; see Table A.1 for a breakdown of the syntax. A packet cansists of a packqt
header dnd one or multiple subpackets. Table C.3 specifies the syntax of the packetheader. Subpacketfs
are spedified in subclause C.4.

The D;[p,s] flag in the packet header indicates whether the bitplane countinformation of packet s ip
precinct| p is encoded in raw. By that, D;[p,s] overrides the D[p,b] mode selection in the precinct header.
Regardless of the value of Dy[p,s], the D[p,b] flags shall be present in the precinct header. Packets

1

D¢[p,s] flag shall be identical for all packets s that includedband b within precinct p, i.e. raw and non-rayv
coding qf bitplane counts shall not be mixed within the Same band in the same precinct. Formally: fdr
all precincts p and all packets s and s’, Dy[p,s] == Dg|p,s’] if there is a band b and line indices A and ¥’
such thdt I[[p,b,A,s] =1 and I[p,b,A,s"]=1.

D000 D0.41=0% _

D{0,7]=0*

D{0,51=0x 3
D[0,8]=07

DIL00 D141y

D{1,7]=1

D1,5]=0» _
D/[1,8]=0*

Figure C.1 — A valid selection of raw mode override flags

NOTE Figure C.1 demonstrates a valid composition of raw-mode override flags for 5 horizontal and 2 vertical
decomposition levels and two precincts. 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. 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.3 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.
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Output: raw mode override flag Dy[p,s] for precinct p and packet s, length in bytes of the data subpacket
Ldat[p,s], length in bytes of the bitplane count subpacket Lcnt[p,s], and length in bytes of the sign
subpacket Lsgn[p,s] of precinct p and packet s. The length of the significance packet is inferred from
the number of coefficients in the bands included in packet s and is not signalled.

Table C.3 — Syntax of the packet header

Name Notes Size Values

packet_header(p,s) {

ph=0 Assume the packet header is not present
for(b=0;b<Np;b=b+1) { Loop over all bands
for(A=Lo[p,b];A<L1[p,b];A=A+1) { Loop over all lines of this band
if (I[p,b,A,s]) { Include only if the line is present in the
given band and packet, see subclause B.6.
ph=1 Include the packet header
} End of line is included
} End of loop over lines

End of loop over bands

if (ph==1) { Only include data if the packet is fron-empty

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

if (WgxNe < 32768 && N,y < 3) { Depending on the-width of the picture, the
number of components and the number of
vertical decomposition levels, select the
syntax of\the picture header. See Table A.6
for the definition of Wg, Nc and N, .

Ldat[p,s] Size-of the data subpacket in bytes. u(15) 0-327p7

Lent[p,s] Size of the bitplane count subpacket in u(13) 0-81%1
bytes

Lsgn[p,s] Size of the sign subpacket in bytes if Fs=1. | u(11) 0-2047

If Fs=0, this field shall be present, but is ig-
nored. Fs is specified in the picture header,

see Table A.6.
}else{ End of short packet header
Ldat[p,s] Size of the data subpacket in bytes. u(20) 0-1048575
Lent[p,s] Size of the bitplane count subpacket in u(20) 0-1048575
bytes
Lsgiifp,s] Size of the sign subpacket in bytes if Fs=1. | u(15) 0-327p7

If Fs=0, this field shall be present, but is ig-
nored. Fs is specified in the picture header,
see Table A.6.

} End of condition for packet header size

} End of test for non-empty packet

C.4 Packet body

The packet body of packet s in precinct p consists of multiple subpackets, each of which contributes
directly or indirectly to the bitplane counts M[p,A,b,g], the quantization index magnitudes v[p,A,b,x] or
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quantization index signs s[p,A,b,x] of a single line A and one or multiple bands b of precinct p. Table C.4
specifies the syntax of the packet body for precinct p and packets.

Input: precinct index p and packet index s.

Output: bitplane counts M[p,A,b,g], quantization index magnitudes v[p,A,b,x] and quantization index
signs s[p,A,b,Xx] for precinct p, line A, and all bands b in subpackets.

Table C.4 — Syntax of the packet body

Name Notes Reference

packet_body(p,s) {

Decode significance information. |Table C.5
The size of the significance sub-
unpack]significance(p,s); packet is not included in the packet
header and can be inferred from
the size of the line and the band.

unpack |bitplane_count(p,s); Decode bitplane count informa-
tion. This subpacket includes
Lent[p,s] bytes.

unpack|data(p,s); Decode wavelet magnitude data: Table C.8
This subpacket includes Ldat[p;s]
bytes.

if (Fs==]) { The sign subpacket is enly’included

if sign coding is enabled in the
picture header, see Table A.6 for the
definition of Fs,

unpack] signs(p,s); Decode wavelet magnitude data. Table C.9
This subpacket includes Lsgn[p,s]
bytes.

} Endcof if sign packing enabled

C.5 Subpackets

C.5.1 Nomenclature

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

R

C.5.2 Significance subpacket

This suhpacket includes for every significance group of code groups one bit that identifies whether al
code groups in the significance group are insignificant. The bitplane count subpacket does not include
information for insignificant significance groups and 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 override flag D[p,s] is set to 0. See subclause C.3 for
the specification of the precinct header. Table C.5 specifies the syntax of the significance subpacket.

NOTE The packet header does not include the size of the significance subpacket; it can be inferred from the
included 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 bands of the given precinct p and
packets.
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Table C.5 — Syntax of the significance inclusion information

Name Semantics Size Values

unpack_significance(p,s) {

for(b=0;b<Np;b=b+1) { Loop over all bands
for(A=Lo[p,b];A<L1[p,b];A=A+1) { |Loop over all lines of this band
if (I[p,b,A,s]) { Include only if the line is present in the given
band and packet, see subclause B.6.
M el —— 0O [ Includaonluziftha raova avuareida flogic naot oot
H-Brpst==063f Inelude-only-i-theraw-override-Hagisnotset
if (D[p,b] & 2) { Significance information is only present if indicat-

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

for(j=0;j<Ng[p,bl;j=j + 1) { Loop over all significance groups of this precinct,
band and line. A definition of Ng[p,b] is given in
subclause B.8.

Z[p,Ab)j] Significance information of this significance group, u(1) 0,1

End of loop over significance groups

End of significance coding enabled

End of line included

End of loop over lines

}
}
} End of raw override is not set
}
}

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

(.5.3 Bitplane count subpacket

The bitplane count subpacket decodes to the bitplane counts of the code groups of a packet s of precinct
B- The syntax of the packet depends on the bitplane count coding mode D[p,b] of the precinc header
and the raw mode override flag D;[p,5}-signalled in the packet header.

Hurthermore, the codestream shall be constructed in such a way that for all bands b, the sum of the
izes of all bitplane count subpackets contributing to b is at most as large as the sum of all| sizes of
ncoding the bitplane countof'the same subpackets in the raw mode.

QW

vl

ormally: Let Lent[p,slbéthe size of the bitplane count subpacket of precinct p and packet s[in bytes
efined in Table C.3¢

Q.

Ilet be the sum¢fsizes of all bitplane count subpackets contributing to band b in precinct p:

Npc—1Lq [p,b]—l

Lofob]="> Y 1p.b,AsIXLen [,5]

s=0 A=L [p,b]

et1"" 'y b1 be the amount of bvtes required to encode the hitplane count of band b in precinct p in
[6// L W e 7 T T T

the raw coding mode:

Noe Halp b}t N[ p,b' A Ny [ p,b']xB
Lot [p.b]:= 2 2 I[p,b,A,s]x Z 8Cg .
s=0 A=Ly[p.b] b'=0

Then, the codestream shall be constructed in such away that forallband p, L, [ p,b |< L3¢ [ p,b] holds.
NOTE1 This condition ensures an upper bound for the buffer size a decoder has to reserve for entropy-coded

bitplane count data. An encoder can always satisfy this condition by selecting the raw mode for the bitplane
count coding mode if the size of the bitplane count subpacket becomes too large.
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Figure C.2 — Rate constraints for band and packet mode’selections

NOTE 2 | Figure C.2 demonstrates which comparisons are made to test the validity of a mode decision for
single precinct p with a 5 level horizontal, 2 level vertical wavelet decdmposition. Thick lines represent precing
boundariles, thin lines band boundaries and dotted lines packet boundaries. The shaded area to the top left
encoded [in a single packet. The overall rate of the bitplane count'suibpackets in the shaded areas is compute|
once for pll packets covering the area encoded with the bitplan@;count coding mode D[p,b] and D;[p,s] as give|
(top row) and once in raw mode D[p,s]=1 (bottom row). Areas over which the rate is summed are defined in
such a wpy that the raw mode flags are consistent with the condition specified in subclause C.3. The bitplane
count codling modes D[p,b] and raw mode override flags-Dy[p,s] in a codestream are populated in such a way thgt
the rate |n any of the shaded areas is not larger than the rate of the same area in the bottom row. A trivial, byt
suboptinpal way to satisfy this constraint would be*to-select D;[p,s]=1 for all packets.

P NN o+ D

Table C.¢ specifies an algorithm that checks:the validity of the encoding of a precinct p by checking the
above candition 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.6 — Testing the validity of a precinct encoding

Name Notes
is_encoding_valid{p){
valid=1 Assume validity
for(b=0jhgNr;b=b+1) { Loop over all subbands of the precinct
rawsize=0 Number of bits required to encode this band In raw mode
bytesize=0 Number of bytes
for(s=0;s<Np¢;s=s+1) { Loop over all packets in the precinct
for(A=Lo[b,p];A<L1[b,p];A=A+1) { Loop over all lines in the band
if (I[p,b,A,s]) { Include only if the band b is present in the given packet s, line and
precinct, see subclause B.6.
bytesize = bytesize + Lcnt[p,b] Number of bytes required for this subpacket
for(b'=0;b'<Ny;b'=b'+1) { Loop over all bands that contribute to the same packet s band b is
part of
if (I[p,b",A,s]) { Only if band b' is included in the same subpacket
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Table C.6 (continued)

Name

Notes

rawsize = rawsize + ByxNcg[p, b']

Reserve By bits per included bitplane count for each line in this pre-
cinct. Neg[p, b'] is specified in subclause B.7.

End of band b' is included in subpacket s

End of loop over bands b’

End of if line included

End nflnnp overlines

}
}
}
>
}

End of loop over subpackets

if (bytesize > [rawsize/8—|) {

Check buffer limit condition

valid=0

Invalid if buffer size constraint violated

}

End of check whether bitrate constraint is satisfied

End of loop over bands

eld of the packet header.

—~

Jutput: bitplane counts M[p,A,b,g] in all bands 6f'the precinct p and packets.

Table C.7 — Syntax of the bitplane count subpacket

Tlable C.7 specifies the syntax of the bitplane count subpacket depending on D[p,b] and Dy[p,s] and gives
reference to the corresponding subclauses.

NOTE3  The number of filler bytes at the end of the bitplane count.subpacket can be inferred from the|Lcnt[p,s]
f

Ipput: precinct and packet whose bitplane counts are to.be decoded, significance flags Z[p,A,b,;x] of the
ne and precinct if significance coding is enabled.

Name

Notes Size Refdrence

tinpack_bitplane_count(p,s){

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

Loop over all bands

for(A=Lo[p,b];A<L1[p,b];A=A+I}f

Loop over all lines of this band

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

Include only if the line is present in
the given band and packet, see sub-

clause B.6.
if (Dr[p,s]==1)4 Detect whether raw coding is ena-
bled for this packet
unpack_raw(p,b,A); Decode with the raw coding mode Variable Subclause
C.6.4
}elseif (D[p,b] & 1) ==0) { Select the bitplane count coding mode
unpack_nopred(p,b,A); No prediction with or without sig- Variable Subcla|use
ftags €656
}else{
unpack_vertical(p,b,A); Vertical prediction with or without |Variable Subclause
sig-flags C.6.5
} End of bitplane count coding mode
selection
} End of if line is present in subpacket

and band

}

End of loop over lines

}

End of loop over bands
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Table C.7 (continued)

Name Notes Size Reference
padding Pad to the next byte boundary pad(8)
filler bytes Arbitrary number of filler bytes fill()
}

C.5.4 Data subpacket

This suh
within a
each suh

NOTE

the pack¢t header.

Input: precinct and packet whose coefficient data is to be decoded, bitplane counts of}all code groups of
all bandp of the given line and precinct, truncation positions of all lines and bands of the given precingt
r
n

and ling
specifie
given in

Output:
packet §
the give

packet includes the coefficient data of all significant code groups of a given precinct and lnfe
precinct. It also requires the bitplane count of each code group and the truncation position-af
band. Table C.8 specifies the syntax of the data subpacket.

=3

The number of filler bytes at the end of the data subpacket can be inferred from the Ldatfp,s] field

The truncation positions T[b,p] are computed from the informationin the precinct heade
] in subclause C.2 and the weights table specified in subclause A.4.6 @ccording to the algorithy
subclause C.6.2.

magnitudes of the quantization index magnitudes v[p,],b,x} in-all bands of the precinct p and
and if sign packing is disabled, additionally quantization/index signs s[p,l,b,x] of all bands in
W precinct p and packet s.

Table C.8 — Syntax of the data subpacket

Name Notes Size Values
unpack_idata(p,s) {
for(b=0fb < Np;b=b+1) { Loop over all bands of the precinct
for(A=Lo[p,b];A<L1[p,b];A=A+1) { |Loop over all\lines of this band
if (I[p,B,A,s]) { Include onlyyif the line is present in the given
band andpacket, see subclause B.6.
for(g=0;g<Ncg[p,b];g=g+1) { Include data for all groups in this precinct and line.
v[p,A,p,Ngxg+k] =0 Reset quantization index magnitude
if (M[p,A,b,g]>T[p,b]) { Include only signs if a non-zero number of bit-
planes is included.
if (Fs|==0) { Check whether sign packing is enabled.
for(KH=0;k<Ng;k=k«H)~{ Loop over all members of the code group. The
definition of the group size Ng is specified in
subclause B.7.
s[p,j,b,Ngxg+K] Sign bit of the coefficient in the current band, line |u(1) 0,1
and group
} End of [oop over coelficlents
} End of sign inclusion
for(i=M[p,A,b,g]-T[p,b]-1; Loop over all bit positions
i20;i=i-1) {
for(k=0;k<Ng;k=k+1) { Loop over all members of the code group
d Binary data of the quantization index magnitude |u(1) 0,1
in the precinct, line, band and group
v[p,A,b,Ngxg+K]= Set the corresponding bit in the quantization
v[p,A,b,Ngxg+k]+(d<<i) index magnitude
} End of loop over code group members
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Table C.8 (continued)

019(E)

Name Notes Size Values

End of loop over bitplanes

End of non-zero number of bitplanes included

End of line and band included in subpacket

}
}
} End of loop over code groups
}
}

End of loop over lines

end orloop over bands

padding Pad to the next byte boundary pad(8)

filler bytes Arbitrary number of filler bytes fill()

)

(¢.5.5 Sign subpacket

This subpacket includes the sign information of all coefficients of all code_groups of a given
and line within a precinct. This subpacket shall only be present if the sign’packing flag Fs spe
sjubclause A.4.3 is set to 1. Table C.9 specifies the syntax of the sign subpacket.

NOTE The number of filler bytes at the end of the sign subpacket ¢an'be inferred from the Lsgn|[p,
he packet header.

ot

hput: precinct and packet whose sign data is to be decoded, decoded coefficient magnituds
recinct and subpacket.

Jutput: array of signs s[p,A,b,x] of all bands in thé,given precinct and packet, coefficient art
oefficients in the precinct and line.

Q.o @ Tl e

Table C.9 — Syntax of the sign subpacket

precinct
cified in

5] field of

ks of the

ay of all

Name Semantics Size Values

finpack_signs(p,s) {

for(b=0;b<Np;b=b+1) { Loop over all bands
for(A=Lo[p,b];A<L1[p,b];A=A+1){ *| Loop over all lines of this band
if (I[p,b,A,s]) { Include only if the band is present in the given

line and packet, see subclause B.6.

for(g=0;g<Ncg[p,bl;g5g+1) { Include data for all groups in this precinct and
line. See B.7 for a definition of N¢g.

for(k=0;k<Ng;k=k+1) { [terate over all members of the code group.

if (v[p,lsbiNgxg+k]!=0) { Only include sign information if the quantization
index magnitude is non-zero

s{p;X,b,Ngxg+K] Sign bit of non-zero quantization index magnitude [u(1) 0,1

End of non-zero code group

End of loop over coefficients

End of line and band included in subpacket

End of loop over lines

3
}
} End of loop over groups
}
}
}

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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C.6 Bitplane count decoding

C.6.1 Bitplane count decoding general provisions

The bitplane count decoding process decodes the bitplane counts M[p,A,b,g] from the contents of the

bitplane

count subpacket by a process specified in subclause C.5.3 that depends on the bitplane count

coding mode D[p,b] in the precinct header and the raw mode override flag Dy[p,s] in the packet header.

The dec

oding process may optionally predict bitplane counts vertically, and may optionally employ

significance flags to skip over insignificant code groups.

The bitplane count decoding process requires furthermore the truncation position T[p,b], whig
defines fhe bitplane at which transmission of coefficient data stops, and hence indirectly determing
the quantization step size. The computation of the truncation position is specified in subclause C.6.2.

Vertical
position

of Mtoplp,A,b,g] and Tiop[p,b] is specified in subclause C.6.3. The codestream shall'be constructed i

such a V
lines of

NOTE
independ

C.6.2

Table C.
precinct
in subcl

The trupcation position T[b,p] is required for multiple ‘inverse prediction processes as well as for thie

inverse

Input:
priority

Output:

[Z=S

prediction modes also require access to the bitplane counts Mgop[p,A,b,g] and, truncatio
Ttoplp,b] of the line directly above the current line within the same band. The'Computatio

- = > =

vay that vertical prediction is never selected as bitplane count coding mode for the topmog
he topmost precinct of a slice or the image.

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

Computation of the truncation position

|0 specifies the computation of the truncation positionnT[b,p] of band b and precinct p from thie
quantization Q[p] and precinct refinement R[p], bothspecified in the precinct header specified
huse C.2, and the band priority P[b] defined by thié weights table specified in subclause A.4.}.

Juantization defined in subclause D.1.

jom

and index b, precinct index p, precinct quantization Q[p], precinct refinement R[p] and ban
P[b].

truncation position T[b,p] of band'b in precinct p.

Table C.10-<‘Computation of the truncation position

Syntax Notes

computg_truncation(p,b) {

if (P[b]4R[p]) { Compare the priority of the band P[b] as specified in the weights table
with the refinement threshold R[p] in the precinct header

r=1 An additional bitplane is included for bands with priorities below the
refinement threshold

}else{

r=0 No refinement otherwise

}

T[b,p]=clamp(Q[p]-G[b]-1,0,15) Compute the truncation position as the precinct quantization minus the
band gain from the weights table, minus the number of additional refine-
ment bitplanes, then clamp to the valid range.

}

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

Vertical prediction modes require an entire row of bitplane counts above the current line as the source

of the prediction. In addition, the truncation position of the line above is also required. The codestream

42
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shall be constructed in such a way that vertical prediction is not selected at the first line of a slice, and
hence in particular not at the top of the image.

The process specified in Table C.11 computes from a given precinct p, line Aand band b the corresponding
vertical predictor Mgop[p,A,b,g] and the vertical truncation predictor Ttop[p,A,b,g]. For that, it requires
the first line Lo[b,p] and the last line L1[b,p] of band b and precinct p, where Lg[b,p] and L1[b,p] are

specified in subclause B.5.

Input: precinct index p, line index A, band index b, bitplane counts M[p,A,b,g] of precinct p and precinct
p-Np x, first line Lo[b,p] and last line L1[b,p] of band b of precinct p.

osition predictor Ttop[b,p]

B
NOTE
t

Qutput: vertical predictors M¢op[p,A,b,g] of all code groups g of precinct p, line A and band by, ¥y

Vertical prediction cannot be selected at the start of the slice, and hence at the top of the imag
he algorithm as specified here always accesses bitplane counts within the current slice anid“vithin the

Table C.11 — Computation of the vertical bitplane count predictor

incation

e. Hence,
image.

Syntax

Notes

ompute_predictor(p,b,A) {

for(g=0;8<Ncg[b];g=g+1) {

Loop over all code groups ofthis band

if (A-1 < Lo[b,p]) {

Check whether the givendineis the first line of the band in the

precinct

Mt()p [pr)\;b;g] =M[p_Np,X;L1[b1p] _1lbrg]

Predict from the lastling of the precinct above if A is the top |
the band in the precinct

ne of

}else{

Mtop[p,A,b,g]=M[p,A-1,b,g]

Precinct from¢he line above A if this line still in the same pre

Cinct

}

End ofloop over all code groups

if (A-1 < Lo[b,p]) {

Check whether the given line is the first line of the band in the

precinct

Ttop [p,b] =T[p—Np,va]

Predict from the precinct above if A is the top line of the band
current precinct

in the

}else{

Ttop[p,b]=T[p,b]

Precinct from the line above if still in the precinct

}

%‘uunts in the raw mode.

(¢.6.4 Bitplanecount decoding for the raw mode

The syntax of-the bitplane count subpacket specified in this subclause is selected if D¢[p,s] in th
Header is{,indicating the raw mode. The bitplane count subpacket contains in this case bitplan|
[p,Ash;g] directly, using By bits per code group. Table C.12 specifies the decoding of the

e packet
e counts
bitplane

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.
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Table C.12 — Raw mode

Name Notes Size Values

unpack_raw(p,b,A) {

for(g=0;g<Ncg[p,bl;g=g+1) { Include predicted bitplane counts for all code

groups. Ncg is specified in subclause B.7.

M[p,A,b,g] Bitplane count encoded in B} bits u(Byp) 0-(2Br-1)

} End of loop over code groups
}
C.6.5 Differential bitplane count decoding for vertical prediction

The syn

coding mode D[p,b] in the precinct header indicates vertical prediction and the raw mode overrid|

flag Dr[]
mode. T
used to

shall alw

Input: p
informa
Z[p,Ab,

Output:

Lax of the bitplane count subpacket specified in this subclause is selected if the bitplane cour

,s] in the packet header is 0. Table C.13 specifies how to decode bitplane counts\in the verticg
he bitplane count subpacket contains in this case bitplane count prediction residuals which ar
recover the bitplane counts from the residuals by inverse vertical predjction. The codestrear]
rays be constructed in such a way that the bitplane counts M[p,A,b,g] arebetween 0 and (2Br-1).

> M — (D e+

[}

recinct index p, band b and line index A whose magnitude data i$to be decoded, significanc
Lion of the precinct and line whose magnitude information is to<be decoded. Significance flag
B] in case significance coding is enabled by the bitplane count coding mode D[p,b].

[72)

bitplane counts M[p,A,b,g] for all code groups g of precitict’p, band b and line A.

Table C.13 — Vertical mode

Name Notes Size Values
unpack _pertical(p,b,A) {
computg_predictor(p,b,A) Compute the prediction values, see subclause C.6.3
for(g=0}g<Ncg[p,b];g=g+1) { Include predicted bitplane counts for all code
groups. Negidsspecified in subclause B.7.
t =max(T[p,b],Ttop[p,b]) Compute-effective truncation position for predic-
tion
Meop = Max(Meop[p,A,b,g],t) Compute predictor
if (D[p}b] & 2) ==0 || Decode prediction residual only if either sig-
T o R
as significant
Am=vlc(m¢op,T[p,bP Prediction residual encoded with variable vlc(r,t)
length code
}else{
if (Rm[=0) { Test the run mode
Am=0 Non-significant groups have a zero hitplane count
prediction residual.
}else {
Am=T[p,b]-m¢op Non-significant groups have a bitplane count of
T[p,b].
} End of run mode selection
} End of test on significance of code group
M[p,A,b,g] = mtop +Am Predict from mgop 0-(2Br-1)
} End of loop over code groups
}
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C.6.6 Variable length bitplane count decoding without prediction

The syntax of the bitplane count subpacket specified in this subclause is selected if D[p,b] in the
precinct header indicates no prediction and the raw mode override flag D¢[p,s] in the packet header
is 0. Table C.14 specifies how to decode bitplane counts in the no-prediction mode. The bitplane count
subpacket contains in this case variable length encoded bitplane counts. The codestream shall always
be constructed in such a way that the bitplane counts M[p,A,b,g] are between 0 and (2Br-1).

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
A[p,A,b,g] in case significance coding is enabled by the bitplane count coding mode D[p,b].

o

Jutput: bitplane counts M[p,A,b,g] for all code groups g of precinct p, band b and line A:

Table C.14 — No-prediction mode

Name Notes Size Values

tinpack_nopred(p,b,A) {

for(g=0;g<Ncg[p,b];g=g+1) { Include predicted bitplane counts for all codé
groups. N¢g is specified in subclause B.7.
meop = T[p,b] Set predictor to the truncation position
if (D[p,b] &2)==0 || Decode prediction residual only,if either sig-
S e TR s & e o
as significant
Am=vlc(myop,T[p,b]) prediction residual en¢oded with variable vlc(r,t)
length code
Yelse{
Am=0 Non-significafib groups have bitplane count T[p,b].
} End of significance included
m = Meop +Am Predict from mgop
M[p,A,b,g] =m 0-(2Br-])

End of loop over code groups

] End of test on significance of code group

(.7 Elementary-variable length decoding primitives

(¢.7.1 Variablelength decoding primitive

=

able C.15specifies the variable length decoder vlc() primitive which decodes a signed quanti{;y in the
ontext(ist) of a predictor r and a truncation position t. This coding primitive is used throughout this
nnex\A codestream shall not contain more than 32 1-bits as input for the vlc decoder. Detectinjg such a

ndition indicates that the decoder has lost synchronization with the source. This establishesjan error
comditiomrwhose tramdting s outside the scope of thisdocumnment:

Q

Input: a predictor r and a truncation position t.

Output: a signed quantity x.
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Table C.15 — Decoding a signed quantity with vic

Syntax Semantics Size Values
vic(rt) {
6=max(r-t,0) Compute the threshold for the alphabet
switch
x=0 Reset the bitcounter.
do{
b w1 01
if (b) {
x=x+1 Increment x
}
} while(b && x < 32) Repeat as long as 1-bits are found in the
stream
if(x=32){
error() A codestream shall not contain more than 32
consecutive 1-bits
}
if (x>29){ Check whether this is the unary sub-alphabet
return k-0
}elseifx > 0) { Check for non-zero symbol, signed sub-al-
phabet
ifx&1){ Check for an odd codeword
returnl- [X/z"i Return a negative value for odd ¢edéwords
}else{
return LX/ZJ Return a positive value for-ah even codeword
}
}else{
return P Return zero for a zero codeword
}
}
C.7.2 Yariable length €ncoding primitive
Table C.Jl6 provides_guidance on the implementation of an algorithm that inverts the vlc() decoddr
primitivie and encodes a signed quantity x in the context of a predictor r and a truncation position t.
Input: a|predictorT, a truncation position t and a signed quantity x to be encoded.
Output:acsequence of bits encoding x given the context consisting of r and t

Table C.16 — Encoding a signed quantity with vic

Syntax Semantics
vlc_encode(x,rt) { Encode x in the context of rand t
0 = max(r-t,0) Compute the threshold for the alphabet switch
if (x>0){ Check whether we are in the unary sub-alphabet
n=x+0 Compute the number of one-bits to write in the unary case
}else{
X=xx2 Two bits per symbol in the binary sub-alphabet
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Table C.16 (continued)

Syntax Semantics
if(x<0){
n=-x-1 Encode negative numbers with an odd number of bits
}else{
n=x Encode positive numbers with an even number of bits
}
O)
for(i=0;i<n;i=i+1) { Write out a sequence of n one-bits r\'\)
out(1) Write out a single 1-bit X q>)
'\ *
[a) 4
out(0) Write out 0 as the comma bit '\(LV
N
1 O
N4
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Annex D
(normative)

Quantization

D.1 General

Inverse [quantization computes the wavelet coefficients c[p,A,b,x] in all precincts p, lines A,.bands
and posltions x from the decoded quantization index magnitudes v[p,A,b,x] and their signs sfp,A,b,x
Inverse fjluantization is controlled by the truncation position T[p,b] which depends on the precinct an
band, arld the bitplane count M[p,A,b,g] of the code group the quantized wavelet coefficient is part of.

a2

This do¢ument offers multiple inverse quantization processes, the selection of which is controlled by
the QpiH elements of the picture header; see subclause A.4.3 for details.

D.2 Inverse deadzone quantization

Table DJ1 specifies the inverse deadzone quantization process. The inverse deadzone quantizer i
selected| if the Qpih element of the picture header is 0. The zeroybucket of the deadzone quantizer i
twice thle size of all regular buckets, and the reconstruction point of this quantizer is in the middle

each bu¢ket. The quantization bucket size is given by the tfuncation position T[p,b] of the precinct
and banf b.

T =

Input: precinct index p, line index A, band index b, truneation positions T[p,b] of this precinct and band,
bitplane counts M[p,A,b,g] of the precinct, line and:band and quantization index magnitudes v[p,A,b,x]
and theif signs s[p,A,b,x].

Outputi{wavelet coefficients c[p,A,b,x]

Table D.1 — Inverse deadzone quantization

Syntax Notes
deadzone_dequant(p,A,b) {
for(x=01g<Wpp[p,b];x=x+1) { Iterate over all coefficients of band b in precinct p
g= '.X/ NgJ Compute the code group index from the coefficient position

if (M[pJA,b,g] > T[pb]&& v[p,A,bx] !=0){ |Check whether a non-zero number of bitplanes is included in this
code group and whether the coefficient is non-zero

r=(149<T[p;bY>>1 Compute the reconstruction point

o = 1-2s[p,Ab,x] Compute the sign of the reconstructed coefficient

c[p A bxt=o=ttvip b xt<<TipbH—+13 Reconstructthecoeffictent

}else { No bitplanes included or coefficient is zero

c[p,Abx]=0 Set to zero

} End of test for sufficient bitplanes and non-zero coefficient
} End of loop over coefficients
}
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D.3 Inverse uniform quantization

Table D.2 specifies the inverse uniform quantization process. The inverse uniform quantizer is selected
if the Qpih element of the picture header is 1. The uniform quantizer uses all equally-sized buckets
whose size is determined from the truncation position T[p,b]. Compared to the inverse deadzone
quantizer, the inverse uniform quantizer requires an additional scaling step.

Input: precinct index p, line index A, band index b, truncation positions T[p,b] of this precinct and band,
bitplane counts M[p,A,b,g] of the precinct, line and band and quantization index magnitudes v[p,A,b,x]
nd their signs s[p,A.b,x]

Qutput: wavelet coefficients c[p,A,b,x]

2M+1

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

2M+1—T _1
limits of

= L =2x_k. While
x=<1 1-1/x par

;t)ultiplication with A can also be carried out explicitly, a single-precision floating point implementation of the
ove formula will typically generate results different from the algorithntinthe following table, and is lpence not
cceptable.

procedure as given by this subclause is identical to the multiplication of oxv[p,A,b,x] with"A within the

ot

he implementation precision. This can be seen from the Neumann series

QO

Table D.2 — Inverse uniform quantization

Syntax

Notes

finiform_dequant(p,A,b) {

for(x=0;g<Wpp[p,b];x=x+1) {

Iteratesgver all coefficients of band b in precinct p

g=|x/Ng|

Compute the code group index from the coefficient positi

if (M[p,A,b,g] > T[p,b] && v[p,A,b,x] !=0) {

Check whether a non-zero number of bitplanes is include
whether the coefficient is non-zero

1 and

o =1-2s[p,A,b,x]

Compute the sign of the reconstructed coefficient

¢ =Vv[p,A,b,x]<<T[p,b]

Get zero-order approximation

¢=M[p,Ab,g]-T[b,p] +1

Extract the scale value

for(p=0; ¢ >0; 9= >> 2}

Sum over the Neumann series

p=p+@ Sum up partial terms
}

c[p,A,b,x] =0 x.p Insert the sign and reconstruct the coefficient
}else{ No bitplanes included or coefficient is zero
c[p,Ab,x] 30 Set to zero
} End of test for sufficient bitplanes and non-zero

End of loop over all coefficients

D.4 Deadzone quantization

Table D.3 provides guidance on the implementation of a deadzone quantizer whose output is compatible
with the normative inverse deadzone quantization procedure specified in subclause D.2.

Input: precinct index p, line index A, band index b, truncation positions T[p,b] of this precinct and band,
bitplane counts M[p,A,b,g] of the precinct, line and band and wavelet coefficients c[p,A,b,x].

Output: quantization index magnitudes v[p,A,b,x] and their signs s[p,A,b,x]

© ISO/IEC 2019 - All rights reserved 49


https://standardsiso.com/api/?name=fb8b2b6026210f6831ca546c732505f7

ISO/IEC 21122-1:2019(E)

Table D.3 — Deadzone quantization

Syntax Notes
deadzone_quant(p,A,b) {
for(x=0;g<Wpp[p,b];x=x+1) { Iterate over all coefficients of band b in precinct p
if (c[p,A,b,x] <0){ Test for the sign of the coefficient
s[p,Ab,x] =1 Coefficient is negative
v[p,A,b,x] = (-c[p,A,b,x])>>T|[p,b] Compute the amplitude from the coefficient
}else{
s[p,Ablx] =0 Coefficient is positive
v[p,A,bx] = c[p,A,b,x]>>T[p,b] Compute the amplitude from the coefficient
} End of the sign check of the coefficient
} End of loop over all coefficients
}

D.5 Unpiform quantization

Table D.# provides guidance on the implementation of a uniform quantizerwhose output is compatible
with thg normative inverse uniform quantization procedure specified ifiy\subclause D.3.

Input: precinct index p, line index A, band index b, truncation positions T[p,b] of this precinct and band,
bitplane counts M[p,A,b,g] of the precinct, line and band and wavelet coefficients c[p,A,b,x].

Output:quantization index magnitudes v[p,A,b,X] and and-their signs s[p,A,b,x]

NOTE The procedure given here is equivalent to mid=point quantization of a scalar quantizer with
bucket sjze A :% .
Table D.4 ~~Uniform quantization
Syntax Notes
uniform| quant(p,A,b) {
for(x=0]g<Wpp[p,b];x=x+1) { Iterate over all coefficients of band b in precinct p
g= |_x/ NgJ Compute the code group index from the coefficient position
if (M[pA,b,g] > T[p,b]) { Does the coefficient contain sufficient bitplanes?
¢=M[p,Ab,g]-T[bpl41 Extract the scale value
if (c[p,A,b,x] <0){ Test for the sign of the coefficient
s[pARx] =1 Coefficient is negative
d =-c[p,A,b,X] Compute the amplitude from the coefficient
} else {
s[p,Abx] =0 Coefficient is positive
d =c[p,A,b,x] Compute the amplitude from the coefficient
} End of sign check
v[p,Ab,x] = ((d << ¢) - d + (1 << M[p,A,b,g])) | Quantize and round to nearest
>> (M[p,A,b,g]+1)
}else{ Coefficient does not include sufficient number of bitplanes
s[p,b,A,x] =0
v[p,b,Ax] =0 Quantize to zero
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Table D.4 (continued)
Syntax Notes
} End of check for number of included bitplanes
} End of loop over all coefficients
}

_ 0 O

o

D.6 Bitplane count computation

able D.5 provides guidance on the computation of the bitplane counts M[p,A,b,g] from jthe
oefficients c[p,A,b,g]. The bitplane counts M[p,A,b,g] are input to the uniform. (or deadzone
uantization and are encoded in the bitplane count subpacket of the precinct p.

hput: precinct index p, line index A, band index b, truncation positions T[p,b] of thisprecinct g
and wavelet coefficients c[p,A,b,x].

Jutput: bitplane counts M[p,A,b,g] of precinct p, line A and band b.

Table D.5 — Bitplane count computation

wavelet

nd band

Syntax

Notes

ompute_bitplane_counts(p,A,b) {

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

Iterate over all codegroups of the band b

Vmax=0 Set the maximuim of the coefficient amplitude to zero
for(k=0;k<Ng;k=k+1) { Iterate over all members of the code group
x = Ngxg+k Compute position of the quantized coefficient

if (x < Wpb[p,b]) {

TestWhether the position is within the band

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

Test for the sign of the coefficient

if (-c[p, A,b,x] >Vax) {

Check for a new maximum

Vmax = 'C[p! A,b,X]

Update the maximum of the coefficient amplitude

}

End of test for a new maximum

}else{

End of test for the sign of the coefficient

if (c[p, A,b,X] >Vmax) {

Check for a new maximum

Vmax = ¢[p, A,b,X]

Update the maximum of the coefficient amplitude

} End of test for a new maximum
} End of test for the sign of the coefficient
} End of test whether coefficient is in the band of the precinpct

}

End of loop over all code group members

for(m=0;Vmax>0;Vmax = Vmax>>1) {

Loop over bitplanes of vy,

m=m+1 Include an additional bitplane
Al Fad of1 Lital £
I LI1U Ul lUUlJ UVl Ull.lJlﬂllCD Ul 'Vmax
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

El G

In thisa
that alte

NOTE

in ISO/I}
specified
of Annex|
an image

This an
specifie
E2 D

The algd
bands a

Input: ipversely quantized coefficients c[p,A,b,x] of all'precincts, all lines, all bands for all positions.

Output:

bneral

(i

hnex, the flow charts and tables are normative only in the sense that they are defining ah|outpy
rnative implementations shall duplicate.

In order to achieve a low latency requirement and to conform to one or multiple profiles specifie
C 21122-2, decoder implementations would need to run the inverse wavelet transformation step
in this annex interleaved with the entropy decoding steps of Annex C and the inverse’‘quantization step
D. The algorithms given in this annex assume for the ease of presentation thatall'wavelet coefficients
are available entirely.

—_- N n

hex describes the forward discrete wavelet transformation applied to one component and
b the inverse discrete wavelet transformation used to reconstryet the component.

[screte inverse wavelet transformation

=

rithm specified in Table E.1 takes the wavelet coefficients c[p,A,b,x] of all precincts, lines an
input and transforms them by inverse wavelet transformation into the sample values O[Kk,x,y].

inversely wavelet transformed sample values O[k,x,y]

Table E.1 — Inverse wavelet transformation

Syntax Notes
inverse_ftransformation() {
for(k=0pk<N¢;k=k+1) { Loop over components
reorder_coefficients(k) Rearranges components from all precincts into a rectangular grid
Dyx=min (N xNLy) Compute number of initial horizontal transformations to perform
for(dx=NL,xdx>Dx;dx=d3~1) { Loop over horizontal decomposition levels
hor_trgnsform(k,Llsdx-1,NLy, Horizontally transform the LLgx NLy and HLqx,nLy bands of component k inta
LL HL ) the LLdx-1,NLy band of component k. The output band is a temporary band
dx,NLy HbdxNby that is only required for the inverse wavelet transformation
} End of the horizontal decompositions
for(d=Dx;d>U;d=d-1J{ Loop over the horizontal and vertical decomposition levels
hor_transform(k,LL4-1,d, Horizontally transform the LLg4 4 and HLq 4 bands of component k into the
LLa 4 HLaq) LLg-1,q band of component k. The output band is a temporary band that is
ddHhdd only required for the inverse computation of the wavelet transformation
hor_transform(k,LHq-1,4, Horizontally transform the LHq ¢ and HHq,gbands of component k into the
LHg o, HHa.) LHg-1,q band of component k. The output band is a temporary band that is
d.dHtdd only required for the inverse computation of the wavelet transformation.
ver_transform(k,LLg.1,d-1, Vertically transform the LL4-1,4 band and LHg.1,q4 band of component k into
LL LHgo1 ) the LL4-1,d-1 band of component k. The output band is a temporary band that
d-1,d-%Hd-1,d is only required for the inverse computation of the wavelet transformation.
} End of horizontal and vertical decompositions
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Table E.1 (continued)

Syntax

Notes

assign_output(k,LLo,0)

Assign the output of component k to the values of the temporary band LLg,o

} End of loop over components

}

E.3 Coefficient reordering and scaling

he algorithm specified in Table E.2 assigns the dequantized coefficients c[p,A,b,x] from all/grecincts
nd component k to temporary bands T[3,x,y], where f indicates the wavelet filter type ahd x gnd y the
sampling position. It also applies an additional scaling step that improves the precision of the|wavelet
transformation. The temporary bands are required as input to the inverse wavelet filter. The syymbols 8

nd Npare defined in subclause B.3

P

Qutput: temporary band array T[(,x,y] as input to the wavelet filter.

Table E.2 — Coefficient reordéring

hput: component index k and inversely quantized wavelet coefficients c[p,A,b,x] of all precincts, all
nes, all bands and all positions. Width Wy,[b] and heights Hp[b] of all bands b.

Syntax

Notes

Teorder_coefficients(k) {

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

[terate over all subbands of component k

b= k+NexB

Compute the band index b from the filter type
and the component index k

for(y=0;y<Hp[b];y=y+1) {

Iterate over all rows of band b

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

Iterate over all colums of band b

yxs, [k]xzdy[ﬁ]

XS, [k]xzd"[ﬁ]
p=N, X m +
2 L,y CS

Compute the precinct index p from the horizontal
position x and vertical position y.

A= yumod ZNL'y_dy[ﬁ]

Compute the line within the precinct from the ver-
tical position y

_N\S
& [k <2 L]

& =xumod

Compute the position within the precinct fijom the
horizontal position x

T[Bxyl=¢[p,A,b§] << Fq

Assign and scale the wavelet coefficient in he

precinct p line A band b and horizontal posiftion & to
the temporary band coefficient T in band 3| column
x and row y.

End nF]nn}:\ over columns

End of loop over all rows

-
-~ [d-

End of loop over all wavelet filter types

E.4 Inverse 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.
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Input: component index Kk, output wavelet filter type o and two input filter types, low-pass B, and
high-pass By and wavelet coefficients in temporary bands T[BL,x,y] and T[By,x,y].

Output: wavelet coefficients in temporary output band T[Bo,x,y]

Table E.3 — Horizontal inverse wavelet transformation

Syntax Notes
hor_transform(k,Bo,8L,8u) { |Horizontally inverse transform the low-pass coefficients 3, and high-pass coef-
ficients Bytothe outputband .
b=k+NdxBo Compute the band index b from the filter type 8 and the component index k
for(y=0ty<Hp[b];y=y+1) { [terate over all rows of band b
for(x=0sx<Wp[b];x=x+1) { Iterate over all columns of band b
i= I_X ZJ Compute the input sample position in the source band
if (x unod 2 = 0) { if even sample position
X[x]=T[BL,Ly] Assign the low-pass input to the even samples of the temporary array X
} else else odd sample position
X[x]=T[Bu,iy] Assign the high-pass samples to the odd samplesofithe temporary array X
} End of check for even/odd coefficients
} End of loop over columns
extend[samples(Wyp[b]) Symmetrically extend the samples X aeross the boundary
inverse filter_1D(Wp[b]) Performs an inverse filtering on thextemporary array X
for(x=0sx<Wp[b];x=x+1) { Iterate over all columns of band b
T[Bo,xy]=Y[x] Assign inversely transformed wavelet coefficients to the output band
} End of loop over columns
} End of loop over all rows
}

E.5 Inverse vertical filtering

The algqrithm specified in Table Ex4-applies an inverse vertical wavelet filter on a low-pass and high
pass input band and generates doefficients in a temporary output band.

Input: domponent index keutput wavelet filter type o and two input filter types, low-pass i, and
high-pags By and waveleteoefficients in temporary bands T[f1,x,y] and T[By,x,y].

Output:wavelet coefficients in temporary output band T[fo,x,y]

Table E.4 — Vertical inverse wavelet transformation

Syntax Notes
ver_transform(Kk,(o,pL,pu) { [Vertically inverse transform the low-pass coefficients 31, and high-pass coeffi-
cients By to the output band f,.
b= k+Ngxf, Compute the band index b from the filter type  and the component index k
for(x=0;x<Wp[b];x=x+1) { Iterate over all columns of band b
for(y=0;y<Hp[b];y=y+1) { Iterate over all rows of band b
i= I_Y/ZJ Compute the input sample position in the source band
if (yumod 2 =0) { If even sample position
X[y]=T[BL,x,i] Assign the low-pass input to the even samples of the temporary array X
}else{ Else odd sample position
54
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Table E.4 (continued)
Syntax Notes
X[y1=T[Bn,y.i] Assign the high-pass samples to the odd samples of the temporary array X

} End of test for even/odd coefficients
} End of loop over columns
extend_samples(Hp[b]) Symmetrically extend the samples X across the boundary
inverse_filter_1D(Hp[b]); Performs an inverse filtering on the temporary array X
foT(y=0;y<Hp D y=y+1 < Iterate over aif columns of band b
T[Bo,x,y]=Y[y] Assign inversely transformed wavelet coefficients to the output band
} End of loop over columns

End of loop over all rows

]

E.6 Symmetric extension

—

df the band and prepares the sample array X for the inverse waveletfransformation.

he algorithm specified in Table E.5 extends the samples in the tempofary array X across the boyindaries

Ipput: array X[x] of wavelet coefficients and size Z of the array X. The array is assumed to be filled for
gositions 0 to Z-1.
Qutput: array X of wavelet coefficients that have been symmetrically extended.
Table E.5 — Symmetric coefficient extension
Syntax Notes
bxtend_samples(Z) {
or(i=1;i<2;i=i+1) { Loop over two'samples beyond the edge of the temporary array
X[-i1=X[i] Reflect.sample at the left boundary
X[Z+i-1]=X[Z-i-1] Reflect-samples at the right boundary
} End of loop over sample extension
)
NOTE Due to requirements formulated for the picture header elements Wy, Hrand Cw, pathological chses such
as empty bands or bands of length Z=1 do not appear, such that bands are at least two coefficients wide of high.

E.7 Inverse wavelet filtering with the 5-3 filter

=]

he algorithm specified in Table E.6 computes the inverse wavelet transformation with the 5-3
Itefs. It generates from the interleaved low-pass and high-pass input samples X output sampl

—

wavelet
bs in the

dqutput array Y.

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

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

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

Syntax Notes
inverse_filter_1D(Z) {
for(i=0;i<Z+1;i=i+2) { Loop over even samples
Y[i]=X[i]-((X[i-1]+X[i+1]+2)>>2) Reconstruct even samples from low-pass
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Table E.6 (continued)

Syntax Notes
} End of loop over even samples
for(i=1;i <Z;i=i+2) { Loop over odd samples
Y[i]=X[i]+((X[i-1]+X[i+1])>>1) Reconstruct odd samples from high-pass
} End of loop over odd samples
}
E.8 Assignment of output coefficients
This step assigns the output of the inverse wavelet transformation contained in the temporary arraly
T[B,x,y] ko the output array O[k,x,y].
Input: component index k and wavelet type B indicating an LLg ¢ band and temporayy array of wavelgt
coefficignts T[[,x,y] of that band.
Output: output array O[c,x,y] filled with wavelet coefficients from the LLg ¢ bdnd of the temporarly
array T[B,x,y].
Table E.7 — Output assignment
Syntax Notes
assign_dutput(k,f) { Assign the output of component ¢ from'the temporary band 3
for(y=0y<Hc[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 specifiedin“subclause B.1.
for(x=05x<Wc[k];x=x+1) {  |Loop over the row of the band,data. The width of the component c is denoted by
W,[k] and has been specified in subclause B.1.
O[k,xy1=T[B.x.y] Assign to the output ceefficients O the reconstructed values from the temporary
wavelet band T[f,x,y]
} End of loop overrows
} End of loop over colums
}
E.9 Dijscrete forwardswavelet transformations
Table E.B provides guidelines for implementing a forwards wavelet transformation at encoder sidé.
The dis¢rete waveletitransformation takes sample values O[k,x,y] and computes from them waveldt
coefficignts c[p,A,bsx].
Input: shmple values O[k,x,y] of all components k at all sample positions x and y.
Output{wayelet coefficients c[p,A,b,x] of all precincts, all lines, all bands for all positions.

Table E.8 provides the steps necessary to implement a forwards wavelet transformation.

Table E.8 — Wavelet transformation

Syntax Notes
forwards_transformation() {
for(k=0;k<N¢;k=k+1) { Loop over components
assign_input(k) Place data of component k into the input buffer of the wavelet filter
Dyx=min(Np,x,NLy) Compute the number of initial transformations to perform
for(d=1;d<Dy;d=d+1) { Loop over the horizontal and vertical decomposition levels
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