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Foreword

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

This document is part of a series of standards for a system known as JPEG Pleno. This document defines
the JPEG Pleno framework. It facilitates the capture, representation, exchange and visualization of
plenoptic imaging modalities. A plenoptic image modality can be a light field, point cloud or hologram,
which are sampled representations of the plenoptic function in the form of, respectively, a vector
function that represents the radiance of a discretized set of light rays, a collection of points with
position and attribute information, or a complex wavefront. The plenoptic function describes the
radiance in time and in space obtained by positioning a pinhole camera at every viewpoint in 3D spatial
coordinates, every viewing angle and every wavelength, resulting in a 7D function.

JPEG
level,
prote

Pleno specifies tools for coding these modalities while providing advanced functional
such as support for data and metadata manipulation, editing, random access-and
ction of privacy and ownership rights.

© ISO/IEC 2021 - All rights reserved
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Information technology — Plenoptic image coding system

(JPEG Pleno) —

Part 2:
Light field coding

1 Scope

This [document specifies a coded codestream format for storage of light field modalitie

s as well as

assodiated metadata descriptors that are light field modality specific. This dotument allso provides

information on the encoding tools.

2 ormative references

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

ITU-T Rec. T.800 | ISO/IEC 15444-1, Information technalogy — JPEG 2000 image coding syst
Core goding system

ITU-T Rec. T.801 | ISO/IEC 15444-2, Information technology — JPEG 2000 image coding syst|
Extenlsions

ISO/IEC 21794-1:2020, Information technology — Plenoptic image coding system (JPEG Plen
Frampwork

ISO/IEC 60559, Information technology — Microprocessor Systems — Floating-Point arithme

3 Terms and definitions

For the purposes of this document the terms and definitions given in ISO/IEC 2179
following apply.

[SO apd [EC maintain terminological databases for use in standardization at the following

— IBO Onlinte browsing platform: available at https://www.iso.org/obp

heir content
applies. For
nts) applies.
em — Part 1:
em — Part 2:

o) — Part 1:

tic

4-1 and the

hddresses:

— [EGElectropedia: available at http://www.electropedia.org/

3.1
arithmetic coder

entropy coder that converts variable length strings to variable length codes (encoding) and vice versa

(decoding)

3.2
bit-plane
two-dimensional array of bits

3.3
4D bit-plane
four-dimensional array of bits

© ISO/IEC 2021 - All rights reserved
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coefficient
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numerical value that is the result of a transformation or linear regression

3.5

compression

reduction in

3.6
depth
distance of a

the number of bits used to represent source image data

point in 3D space to the camera plane

3.7

disparity view

image that
subaperture

3.8
hexadeca-ty
division of a

3.9
pixel
collection of

EXAMPLE

3.10
plenoptic fy
amount of r
spatial coorg

3.11
reference v
subaperture

3.12

subapertur
subapertur
image taken

3.13
texture
pixel attribuy|

EXAMPLE

for each pixel of the subaperture view contains the apparent pixel shift betweer
views along either horizontal or vertical axis

ee
4D region into 16 (sixteen) 4D subregions

sample values in the spatial image domain having all the'same sample coordinates

A pixel may consist of three samples describing its red{green and blue value.

nction
hdiance in time and in space by positioninga pinhole camera at every viewpoint
linates, every viewing angle and every wavelength, resulting in a 7D representation

ew
view that is used as one of the feferences to generate the intermediate views

P view
P image
of the 3D scene by-apinhole camera positioned at a particular viewpoint and viewing

kes

Colout information, opacity, etc.

two

n 3D

angle

3.14
transform

transformat

ion

mathematical mapping from one signal space to another

© ISO/IEC 2021 - All rights reserved
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4 Symbols and abbreviated terms

4.1 Symbols

Codestream_Body/()

Codestream_Header()

coded image data in the codestream without Codestream_Header()

codestream header preceding the image data in the codestream

Ay (t,s)

© ISO/IEC 2021 - All rights reserved

HDEC

N (t’ 5V u) decoded normalized disparity value at view (t, s) for pixel location (v, u)

D (t’ Vs u) normalized disparity value at view (t, s) for pixel location (V, u)

DPE(‘k pointer to contiguous codestream for normalized disparity view

i scaling parameter to translate quantized normalized disparity maps to pos-
shif itive range

DCODEC disparity view codec type
f focal length

FPW; fixed-weight merging parameter for view p

H (t’ S) view hierarchy valuefor view (t, s)

hecte, S) horizontal camera centre coordinate for view (t, s)

H, (1 ’S) binary value defining the availability of a normalized disparity vi

]0 Lagrangian encoding cost

J; Lagrangian encoding cost of spatial partitioning

]2 Lagrangian encoding cost of view partitioning

KRp,c sparse filter regressor mask of texture component ¢ for view p

LightField() JPEG Pleno light field codestream

LSWP< quantized least-squares merging weight of texture component ¢ for view p,

J j=1,2,...,NLS
p
MIDV absolute value of the minimum value over all quantized normalized disparity views


https://iecnorm.com/api/?name=c34dc0105e000069207446771c4d6610
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MMODEp
MSP

p
NLS

p

NRT
p

view merging mode for intermediate view p

sparse filter order for view p

number of least-squares merging coefficients for intermediate view p

regressor template size parameter for sparse filter for view p

NC

N

sp
Plev
Ppih

qQ

p

Q
R

number of components in an image

number of intermediate views

number of reference normalized disparity views

number of normalized disparity reference views+{or intermediate view p

number of texture reference views for intérmediate view p

number of reference views

number of prediction residual views

total available number of regressors for sparse filter
level a particular codestream complies to

profile a particular codestream complies to

2Duimage of dimensions VxU, defines the occlusion state-based segment
at'Intermediate view p

normalized disparity quantization parameter

rate or bitrate, expressed in bit per sample

RCODEC

RDATA

RENCODING

RGB

RHEADER

prediction residual view codec type

ation

array of bytes containing for a single prediction residual view the RCODEC

codestream after header information has been stripped

array of bytes containing for a single prediction residual view the full DCODEC

codestream

colour data for the red, green and blue colour component of a pixel

array of bytes containing for a single prediction residual view the header infor-

mation from the RCODEC codestream

© ISO/IEC 2021 - All rights reserved
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RPEC]. pointer to contiguous codestream for prediction residual view j
s coordinate of the addressed subaperture image along the s-axis
S size of the light field image along the s-axis (COLUMNS)
§Tr subscript of the column index of the reference view, ii=1,2,..., N; in the light
11
field array in row-wise scanning order
$Dr subscript of the column index of the reference normalized, disparity view,
o j=1,2,..., Nl? in the light field array in row-wise scanning erder
SFp binary variable, determines if sparse filter is used\(true) or not (fdlse)
p,0
SPW| quantized sparse filter coefficients of texture compenent ¢ forview p, j=|1,2,..., MSP
ﬁ/?,c de-quantized sparse filter coefficiénts of texture component c|for view p,
jzl,Z,...,MSPp
t coordinate of the addressed Subaperture image along the t-axis
T size of the light field image along the t-axis (ROWS)
¢Ir subscript of thefow index of the reference view, ii =1,2,..., Ng in the light field
11
array in rawswise scanning order
¢Dr subseript of the row index of the reference normalized disparity view, jj=1,2,...,N 5
Vj
in'the light field array in row-wise scanning order
(tD 4D ) . . . . . . .
k> k view coordinate subscripts for normalized disparity view k
(tX X ) . . . _
17 view coordinate subscripts for reference view [
(t’ sl ) . . . : : .
p view coordinate subscripts for intermediate view p
£ X8) XV XUy 4D block dimensions at the 4D block partitioning stage
t, Xs, Xv, Xu . . . s
bbb b 4D block dimensions at the bit-plane hexadeca-tree decomposition stage
TCODEC reference view codec type
TDATA array of bytes, containing for a single reference view, the TCODEC codestream,
after header information has been stripped
© ISO/IEC 2021 - All rights reserved 5
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TENCODING

THEADER

TPEC |

array of bytes, containing for a single reference view the full TCODEC codestream
array of bytes, containing for a single reference view the header information
from the TCODEC codestream

pointer to contiguous codestream for reference view I

sample coordinate along the u-axis within the addressed subaperture image

size of the subaperture image along the u-axis (WIDTH)

u,c)

sample coordinate along the v-axis within the addressed subaperture impge

size of the subaperture image along the v-axis (HEIGHT)

vertical camera centre coordinate for view (t, s)

view prediction parameters for intermediate view‘p
texture value at view (t, s) for pixel location (v, u) for texture component ¢

decoded texture value at view (t, s) for pixel location (v, u) for texture|com-
ponent ¢

result of warping the texture view (tl '8 ) to view location (tz 'S, )

horizontal distance between a pair of camera centres
A . . .
Y vertical distance between a pair of camera centres
YChCr colour)data for the luminance, the blue chrominance and the red chrominance
component of a pixel
z(t,s,v,u . . .
(¢.5,v.u) depth value at view (t,s) for pixel location (v,u)
6P distance based merging weignt for reference view 1=1,..., Ng at intermedi-
i
ate view p
oP distance based factor, used for defining the merging weight, at intermediate
: view p for reference view i=1,..., Ng
binary matrix, defining the locations of the non-zero merging weights in merg-
Fp ing weight matrix @p c atintermediate view p.Itisidentical between all colour
components ¢
6 © ISO/IEC 2021 - All rights reserved
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gP:c de-quantized least-squares merging weight of texture component ¢ for view p
J ,J=1,2,....NLS
9sp . . . . .
p,c sparse filter coefficients at intermediate view p for colour component c
@p,c merging weight matrix for intermediate view p for colour component ¢
Yp,c locations of the non-zero elements of ‘P(v )
bd . .
(v.u regressor template at pixel location (v, u)
QDr . . . . . . .
p set of reference normalized disparity views for intermediate view p
QocclD set of occluded pixels, which remain to be-inpainted, during normalized dispar-
p

ity view synthesis at intermediate view~p

Qocell set of occluded pixels, which renfain to be inpainted, during texture view syn-
p thesis at intermediate view ¢

_QTr
p set of reference views for intermediate view p

4.2 (Abbreviated terms

2D two dimensional

3D three'dimensional

4D four dimensional

DCT discrete cosine transform

floating point floating point notation as specified in ISO/IEC 60559

HTTH hypertext transfer protocol

IDCT inverse DCT

[PR intellectual property rights

I\ intermediate view; subaperture view that is generated from surrounding refer-

ence view(s)

JPEG Joint Photographic Experts Group
JPL JPEG Pleno file format
LSB least significant bit

© ISO/IEC 2021 - All rights reserved 7
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MSB
R-D
RV
URL
XML

5 Conve

794-2:2021(E)

most significant bit
rate-distortion

reference view

uniform resource locator

eXtensible Markup Language

tions

5.1 Namij

Integer numpers are expressed as bit patterns, hexadecimal values or decimal numbers/Bit paf]

and hexadec

Hexadecima
of binary no
0x41 repres¢
bit equal to

as "code tab
most bit is cq
values. Whe
value of the

as the value
the result af
value 0xF is
decimal nuny

5.2 Opers

NOTE Man
language.

5.2.1 Arit

ng conventions for numerical values

imal values have both a numerical value and an associated particular leagth in bits.

notation, indicated by prefixing the hexadecimal number by "0x) may be used in
fation to denote a bit pattern having a length that is an integer multiple of 4. For exa
nts an eight-bit pattern having only its second most significant®bit and its least signi

es" are bit pattern values (specified as a string of digits.equal to 0 or 1 in which th
nsidered the most-significant bit). Other numerical values not prefixed by "0x" are de

a two's complement representation of an integer value). For example, the hexade
bquivalent to the 4-bit pattern '1111' and is,interpreted in expressions as being equal
ber 15.

jtors

hmetic operators

addition
subtrdgtion (as a binary operator) or negation (as a unary prefix operator)

multiplication

division without truncation or rounding

|. Numerical values that are specified under a "Code" heading)in tables that are refert

h used in expressions, a hexadecimal value is interpreted as having a value equal t
corresponding bit pattern evaluated as a binary répresentation of an unsigned intege
bf the number formed by prefixing the bit patternwith a sign bit equal to 0 and interpr

y of the operators used in document are similar to those used in the C program

terns

stead
mple,
Ficant
ed to
b left-
cimal
o the
r (i.e.
eting
cimal
fo the

ming

<<

>>

++

left shift; x<<s is defined as xx2$
right shift; x>>s is defined as [x/25]
increment with 1

decrement with 1

© ISO/IEC 2021 - All rights re

served
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bitwise AND operator; compares each bit of the first operand to the corresponding bit

of the second operand

If both bits are 1, the corresponding result bit is set to 1. Otherwise, the corresponding

result bit is set to 0.

bitwise XOR operator; compares each bit of the first operand to the corresponding bit

of the second operand

ITboth bits are equal, the corresponding result bitis set to U. Utherwise, the correspond-

ing result bit is set to 1.

5.2.2 Logical operators

&&

logical OR
logical AND

logical NOT

5.2.3| Relational operators

greater than

greater than or equal to
less than

less than or equal to
equal to

not équal to

5.2.4 Precedence order of operators

Operators are listed in descending order of precedence. If several operators appear in the same line,

they Tave cqua‘l 548 ecedence-Whenseverat operatots ufcqua} Pt ecedence appearat the-satne level in an
expression, evaluation proceeds according to the associativity of the operator either from right to left
or from left to right.

Operators

0

Type of operation
expression

indexing of arrays
increment, decrement

logical not, unary negation

© ISO/IEC 2021 - All rights reserved

Associativity
left to right
left to right

left to right


https://iecnorm.com/api/?name=c34dc0105e000069207446771c4d6610

ISO/IEC 21

794-2:2021(E)

X, multiplication, division left to right
umod modulo (remainder) left to right
+, - addition and subtraction left to right
& bitwise AND left to right
A bitwise XOR left to right
&& logical AND left to right
[l logical OR left to right
<<, >> left shift and right shift left to right
<, >, <=, >= relational left to right
5.2.5 Mathematical functions

[x] absolute value, is —x for x < 0, otherwise x

sign(x) sign of x, zero if x is zero, +1 if x is positivé; =1 if x is negative

clamp(x,min|

[x1

Bd

X1
6 Geners:
6.1 Funct

This docum
algorithm. T

The specifie

— 4D Tran
transfon

max) clamps x to the range [min,max]: returds min if x < min, max if x >
otherwise x

ceiling of x; returns the smallest integer that is greater than or equal

floor of x; returns the largéest integer that is less than or equal to x

rounding of x to thenearest integer, equivalent to sign (x) |_|x|+0.5J

1

ional overview on the’decoding process

ent specifies the [PEG Pleno Light Field superbox and the JPEG Pleno light field dec
he generic JPEG.Pleno Light Field superbox syntax is specified in Annex A.

1 light field’decoding algorithm distinguishes two coding modes:

sformmode: this mode is specified in Annex B and is based on a 4D inverse discrete @
m(IDCT) and 4D block partitioning and 4D bit-plane hexadeca-tree decoding;

ax or

L0 X

bding

osine

— 4D Pred

iction mode: this mode is based the prediction of intermediate views based on reference

views and normalized disparity maps. The signalling syntax and decoding of the reference views is
addressed in Annex C, the normalized disparity views in Annex D, and the prediction parameters
and residual views in Annex E. The intermediate views are reconstructed in a decoding process that

involves

view warping, view merging and prediction error correction.

The overall architecture (Figure 1) provides the flexibility to configure the encoding and decoding

system depe

10

nding on the requirements of the addressed use case.

© ISO/IEC 2021 - All rights re
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JPEG Pleno File Format (Annex A, C, D and E + ISO/IEC 21794-1 Annex A)

I \ A i-—_—_'V_ ———————— ) - y -\ -\ —-—/m/4/m™—— | AR |
| Arithmetic Decodin : | Reference View Normalized Disparity| Prediction Parameter] Residual View |
| (Annex B) g I | Decoding View Decoding Decoding Decoding |
| I | (Annex C) (Annex D) (Annex E) (Annex E) |
| | T T |
s { r ! ! | | o
4D Block Partition | ' !

o | . : S
I = Decoding | === VI?XV Warg;ng - ————— : : =1
I E LAI]I[UA B) ' i i nnex : : g :

—

o | | =
I 5 ! : I | v ! ! g :

= | X
| 8 4D Bit-plane | I I Warped View I I o
I |  Hexadeca-tree | : : Merging « ! : &
| @ Decoding (Annex B) : | ! (Annex E) ! g |
| | I ! |

I
| ‘ : | : S ¢ ! |
| ) | | Prediction Error |
| (i?lrf]e)xcg) : | Lo—— Correction I : |
| | | (Annex E) |
(S O ——— s - —-—-—- -0
Y Y
Decoded Light Field
Figure 1 — Generic JPEG Plenolight field decoder architecture
6.2 |Encoder requirements

An er

In or
and f

6.3

A ded
E des

A ded
shall
and ¢

coding process converts source light field data to coded light field data.

ler to conform with this document, an encoder shall conform with the codestream fa
le format syntax specified\inl the annexes for the encoding process(es) embodied by t

Decoder requirements

oding process converts coded light field data to reconstructed light field data. Annex
cribe and specify the decoding process.

oder is.an)embodiment of the decoding process. In order to conform to this docume
conyert all, or specific parts of, any coded light field data that conform to the file fqg
odestream syntax specified in Annex A to E to a reconstructed light field.

rmat syntax
he encoder.

bs A through

t, a decoder
rmat syntax

7 Organization of the document

Anne

x A specifies the description of the JPEG Pleno Light Field superbox.

This document specifies two approaches to represent a compressed representation of light field data:
the 4D Transform mode is specified in Annex B and the 4D Prediction mode is specified Annex C,
Annex D and Annex E. Annex C details the signalling of the reference view data, Annex D the signalling

of the normalized disparity views and finally, Annex E the signalling of the prediction parameters to
generate the intermediate views and residual view data to compensate for prediction errors.

© ISO/IEC 2021 - All rights reserved
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Annex A
(normative)

JPEG Pleno Light Field superbox

A.1 General

This annex
compressed
as specified

This docums
or ISO/IEC 1
all JPL files.

A.2 Orgal

Figure A.1 s
JPL file. This

file will cont
on the placel

This superb

a JPEG H
such as

a JPEG
light fie

a JPEG H
subaper

compreg

Table A.1 lis
or ISO/IEC 1

light field data and associated metadata. The listed boxes shall comply with theirdefin
n ISO/IEC 21794-1.

nt may redefine the binary structure of some boxes defined as part of the\l'SO/IEC 151
b444-2 file formats. For those boxes, the definition found in this document shall be us

nization of the JPEG Pleno Light Field superbox

hows the hierarchical organization of the JPEG Pleno Light Field superbox containec

illustration does not specify nor imply a specific order'to these boxes. In many case
pin several boxes of a particular box type. The meaning of each of those boxes is depe
ment and order of that particular box within thefilé.

x is composed out of the following core elements:

leno Light Field Header box containing<parameterization information about the ligh{
bize and colour parameters;
d;

leno Light Field DisparityView box signalling disparity information for all or a sub
ture views;

a JPEG Pleno Light Field(Intermediate View box containing prediction parameters and eve

sed residual signals for subaperture views not encoded as reference views.

s all boxes)defined as part of this document. Boxes defined as part of the ISO/IEC 151
£444-2 file'formats are not listed. A box that is listed in Table A.1 as “Required” shall

within all confopming JPL files. For the placement of and restrictions on each box, see the rel

section defiy

ing that box.

specifies the use of the JPEG Pleno Light Field superbox which is designed te colntain

tions

L44-1
bd for

by a
s, the
hdent

field

leno Light Field Reference View box containing the compressed reference views o¢f the

set of

ntual

14.4-1
exist
evant

Note that the IPR, XML, UUID and UUID boxes introduced in Annex A can be signalled, as well at the
level of the JPEG Pleno Light Field box, to carry light field specific metadata.
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JPEG Pleno Light Field box (superbox)

Profile and Level box |

Image Header box |
1
|

| Bits Per Component box |
e e

: Channel Definition box

|
Contiguous Codestream box |

JPEG Pleno Light Field Header box '\

Light Field Header box |
| Bits Per Component box :
F——— = ————— = ———— 4 .
I Colour Specification box | f]/

O \\_ -

JPEG Pleno Light Field Reference View Box (superp_p

| |
| |
I — I
: | JPEG Pleno LF Reference View Description@o\g"f :
I r——mH-—m—-—m=—-m"-"-""""""""""-""="-"""="-"""="—-""=—-—"—-—=—-=—-=- \__ I
o O |
| |
| |
| |
| |
| |

|_Ccommon Codestream Elements Box Q |

JPEG Pleno Light Field Norm{a;l‘lﬁse Disparity View Box (superboxj
\%4 !

JPEG Pleno LF Norm(ﬁed Disparity View Description box | :
- |

|

|

|

|

|

|

N -
: ]PE(};R@vlo Light Field Intermediate View Box (superbox) :

)
: ) \LI’EG Pleno LF Residual View Description box :
§$ ‘| JPEG Pleno LF Prediction Parameter box l
QY o | |
(7] | LCommonCodestream ElementsBox ______ | :
| |
' l
I |

: XML boxes
UUID hoxes

RS T ‘.
O | 1
|

UUID List box
Data Entry URL box

Figure A.1 — Hierarchical organization of a JPEG Pleno Light Field superbox
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A.3 Defined boxes

A.3.1 Overview

The following boxes shall properly be interpreted by all conforming readers. Each of these boxes
conforms to the standard box structure as defined in ISO/IEC 21794-1:2020, Annex A. The following
clauses define the value of the DBox field. It is assumed that the LBox, TBox and XLBox fields exist for
each box in the file as defined in ISO/IEC 21794-1:2020, Annex A.

Table A.1 — Defined boxes

Box nlame Type Superbox | Required? Comments
JPEG Pleno Light Field ‘jplf’ Yes Yes This box contains a series ofboxels
box (0x6A70 6C66) '_chat contain the e_ncoded light flle d,
its parameterization and associatfed
metadata. (Defined inyISO/IEC 21[794-
1:2020, Annex A)
JPEG Pleno Ptofile and ‘ippl’ No Yes This box indicates to which profile
Level box and associated level the file format
(0x6A70 706C) and codestream complies. (Defingd in
Annex-A.3.2)
JPEG Pleno Light Field 'jplh’' Yes Yes Thishox contains generic information
Header box (0x6A70 6C68) dbout the file, §uch as the numbeyf of
components, bits per component and
colour space. (Defined in Annex A.3.3)
Light Field Header box ‘Thdr’ No Yés This box contains fixed length geperic
information about the light field, fuch
(0x6C68 6472) as light field dimensions, subaperfture
image size, number of componentfs,
codec and bits per component. (Dee-
fined in Annex A.3.3.2)
Camera Parameter box ‘Ifcp’ No No This box signals intrinsic and extfin-
sic camera parameters for calibrdtion
(0x6C66 6370) of the light field data. (Defined in
Annex A.3.3.3)
Contiguous (Jodestream 'jp2c’ No No This box contains a JPEG Pleno code-
box (0x6A20'3263) stream (Defined in Annex A.3.4)
JPEG Pleno Light Field Hrv’ Yes No This box contains a series of boxes
Reference Vigw superbox (0X6C66 7276) that contain t}_le enco<_ied referenge
views and their associated parante-
ters. (Defined in Annex C.2)
JPEG Pleno Light Field ‘1frd’ No No This box signals which views are
Reference Vigw,Descrip- (0x6C66 7264) encodgd as referencg views a.nd t belr
tion box encoding configuration. (Defined|in
Annex C.3.1)
Common Codestream ‘1fcc’ No No This box contains the redundant part
Elements box (0x6C66 6363) gf the signalled codestreams. (Defined
in Annex C.3.2)
JPEG Pleno Light Field ‘1fdv’ Yes No This box contains a series of boxes
Normalized Disparity that contain the encoded normalized
View superbox (0x6C66 6476) disparity views and their associated
parameters. (Defined in Annex D.2)
JPEG Pleno Light Field ‘1fdd’ No No This box signals for which views
Normalized Disparity normalized disparity information is
View Description box (0x6C66 6464) signalled and their encoding configu-
ration. (Defined in Annex D.3.1)
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Box name Type Superbox | Required? Comments

JPEG Pleno Light Field ‘Ifiv’ Yes No This box contains a series of boxes

Intermediate View (0x6C66 6976) that contain both th_e predlct_lon

superbox parameters for the intermediate
views and the encoded residual views.
(Defined in Annex E.2)

JPEG Pleno Light Field ‘1fpp’ No No This box signals prediction parame-

Prediction Parameter box ter information for the intermediate

(0x6C66 7070) views. (Defined in Annex E.3.1)

]PEG[iHeno Light Field Ifre NO NO This box signals the encogling configu-

Residual View Descrip- ration for the residuahyvigws contain-

tion hox (0x6C66 7265) ing the prediction erhots.|(Defined in
Annex E.3.2)

A.3.2

JPEG Pleno Profile and Level box

The donformance to profiles is indicated in the file type box by the addition of the compatible profiles as

branﬁs within the compatibility list. Derived and application specifications based on this
efine additional brands.

may

specification

The tlype of the JPEG Pleno Profile and Level box shall be ‘jppl’ (0x6A70 706C) and contenits of the box

shall

Key
Ppih
Plev

profile of the codestream
level of the codestream

have the organization as in Figure A.2 and formatastin Table A.2.

Ppih™ | Plev

Figure A.2 — Organization of the contents of a JPEG Pleno Profile and Level |

Table A.2 — Format of the contents of the JPEG Pleno Profile and Level bo

Field name Size (bits) Value
Ppih 16 Reserved for future
ISO/IEC use
Plev 16 Reserved for future
ISO/IEC use

DOX

A.3.3 JPEG Pleno Light Field Header box

A.3.3.1 General

The JPEG Pleno Header box contains generic information about the file, such as the number of
components, bits per component and colour space. This box is a superbox. Within a JPL file, there shall
be one and only one JPEG Pleno Header box. The JPEG Pleno Header box may be located anywhere
within the file after the File Type box but before the Contiguous Codestream box. It also must be at the
same level as the JPEG Pleno Signature and File Type boxes (it shall not be inside any other superbox

within the file).

The type of the JPEG Pleno Header box shall be 'jplh’ (0x6A70 6C68).

© ISO/IEC 2021 - All rights reserved
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This box contains several boxes. Other boxes may be defined in other documents and may be ignored by
conforming readers. Those boxes contained within the JPEG Pleno Header box that are defined within
this document are shown in Figure A.3:

— The Light Field Header box specifies information about the reference grid geometry, bit depth
and the number of components. This box shall be the first box in the JPEG Pleno Header box and is
specified in A.3.3.2.

— The Bits Per Componentbox specifies the bit depth of the components in the file in cases where the bit
depth is not constant across all components. Its structure shall be as specified in ISO/IEC 15444-1.

— The Colour Specification boxes specify the colour space of the decompressed image. Their structures
shall be jas specified in ISO/IEC 15444-2. There shall be at least one Colour Specification box.within
the JPEQ Pleno Header box. The use of multiple Colour Specification boxes provides the ability for a
decoderlto be given multiple optimization or compatibility options for colour processing!{These poxes
may be found anywhere in the JPEG Pleno Header box provided that they come after‘the Light] Field
Header lox. All Colour Specification boxes shall be contiguous within the JPEG Pleng’Header bok.

— The Chajnnel Definition box defines the channels in the image. Its structure.shall be as specifjed in
ISO/IEC|{15444-1. This box may be found anywhere in the JPEG Pleno Header' box, provided that it
comes after the Light Field Header box.

O
wir | Doped) et ity 148

5 sy

Key
lhdr  Light|Field Header box
bppc Bits Her Component box
colri  Coloyr Specification boxes
cdef Chan‘]\el Definition box

Figure A.3 — Organization of the contents of a JPEG Pleno Header box

A.3.3.2 Light Field Header box

A.3.3.2.1 (eneral

This box contains fixed length generic information about the light field, such as light field dimengions,
subaperture| image size,"number of components, codec and bits per component. The contents ¢f the
JPEG Pleno Header box shall start with a Light Field Header box. Instances of this box in other plages in
the file shall be ignored. The length of the Light Field Header box shall be 30 bytes, including thie box
length and tlype‘fields. Much of the information within the Light Field Header box is redundant with
informationstered in the codestream itself.

All references to "the codestream” in the descriptions of fields in this Light Field Header box apply to the
codestream found in the first Contiguous Codestream box in the file. Files that contain contradictory
information between the Light Field Header box and the first codestream are not conforming files.
However, readers may choose to attempt to read these files by using the values found within the
codestream.

The type of the Light Field Header box shall be 'lhdr' (0x6C68 6472) and the contents of the box shall
have the format as in Figure A.4 and Table A.3:

— ROWS (T): The value of this parameter indicates the number of rows of the subaperture view array.
This field is stored as a 4-byte big-endian unsigned integer.

16 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=c34dc0105e000069207446771c4d6610

ISO/IEC 21794

COLUMNS (S): The value of this parameter indicates the number of columns of the
view array. This field is stored as a 4-byte big-endian unsigned integer.

-2:2021(E)

subaperture

HEIGHT (V): The value of this parameter indicates the height of the sample grid. This field is stored

as a 4-byte big-endian unsigned integer.

WIDTH (U): The value of this parameter indicates the width of the sample grid. This field is stored

as a 4-byte big-endian unsigned integer.

NC: This parameter specifies the number of components in the codestream and is stored as a 2-byte

big-endian unsigned integer. The value of this field shall be equal to the value of the N
L

C field in the

FC marker in the codestream (as defined in B.3.2.6.3). If no Channel Definition Box is available, the

drder of the components for colour images is R-G-B-Aux or Y-U-V-Aux.

lwel

PC: This parameter specifies the bit depth of the components in the codestream) mi
tored as a 1-byte field (Table A.4).

wn

he low 7-bits of the value indicate the bit depth of the components. Theshigh-bit indic
he components are signed or unsigned. If the high-bit is 1, then thelcomponents co
alues. If the high-bit is 0, then the components contain unsigned.values. If the comp

hall also contain a Bits Per Component box defining the bit depth’of each component (
3.3.2.2).

> 0 = < o

o

: This parameter specifies the compression algorithmused to compress the imag
ncoded as a 1-byte unsigned integer. It the value is 0;the 4D Transform mode coding is
he value is 1, the 4D Prediction mode is activateds"All other values are reserved for IS

o

InkC: This field specifies if the actual colour space of the image data in the codestre3
his field is encoded as a 1-byte unsigned integer. Legal values for this field are 0, if the
f the image is known and correctly specified in the Colour Space Specification boxe
le, or 1 if the colour space of the lightfield is not known. A value of 1 will be used in ¢
he transcoding of legacy images wliére the actual colour space of the image data is n
hese cases, while the colour space-interpretation methods specified in the file may n

oo T o S o e e T T B e

nus 1, and is

htes whether
ntain signed
onents vary

n bit depth or sign, or both, then the value of this field shall be 255-and the Light Fieldl Header box

hs defined in

re data. It is
activated. If
D/IEC use.

m is known.
colour space
s within the
ases such as
pt known. In
bt accurately

eproduce the image with respeet to an original, the image should be treated as if thgd methods do
dccurately reproduce the image. Values other than 0 and 1 are reserved for ISO/IEC usk.

— IPR:This parameterindicates whether this JPL file contains intellectual property rightsfinformation.
If the value of this field is 0, this file does not contain rights information, and thus thelfile does not
dontain an IPR bax.)If the value is 1, then the file does contain rights information and thus does
dontain an IPR box as defined in ISO/IEC 15444-1. Other values are reserved for ISO/IEC use.

O
| | | ASEFE
ROWS COLUMNS HEIGHT WIDTH NC =

Key

ROWS (T) number of rows of the subaperture view array

COLUMNS (S) number of columns of the subaperture view array

HEIGHT (V) subaperture view height

WIDTH (U) subaperture view width

NC number of components

BPC bits per component

C compression type

UnkC colour space unknown

IPR intellectual property

Figure A.4 — Organization of the contents of a Light Field Header box
© ISO/IEC 2021 - All rights reserved 17
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Table A.3 — Format of the contents of the Light Field Header box

Field name Size (bits) Value
ROWS 32 1to (232-1)
COLUMNS 32 1to (232-1)
HEIGHT 32 1to (232-1)
WIDTH 32 1to (232-1)
NC 16 1to 16 384
BPC 8 See Table A.4

UnkC 8 Qto1l

IPR 8 Oto1l

Table A.4 — BPC values

Values (bits) .
Component sample precision
MSB LSB
x000 0000 Component bit depth = value + 1. From 1 bit deep te 38 bits
to deep respectively (counting the sign bit, if appropriate).
x010 0101
0XXX XXXX Components are unsigned values.
1XXX XXXX Components are signed values.
11111111 Components vary in bit depth.
All other values reserved for\ISO/IEC use.

A.3.3.2.2 Bits Per Component box

The Bits Per|Component box specifies the bit depthi'of’each component. If the bit depth of all compopnents
in the codestream is the same (in both sign andrecision), then this box shall not be found. Othefwise,
this box spegifies the bit depth of each individual component. The order of bit depth values in this box is
the actual order in which those componentsiare enumerated within the codestream. The exact locatjion of
this box within the JPEG Pleno Header beximay vary provided that it follows the Light Field Header box.

There shall e one and only one Bits‘\Per Component box inside a JPEG Pleno Header box.

The type of the Bits Per Component box shall be 'bpcc’ (0x6270 6363). The contents of this box shall be
as in Table AL5 and Figure ACS,

N
0

N

{

{

1

TR
BPC
N
fTTTTT
'BPCNC1
L™ ™ ™

o
N

Key
BPC!  bits per component

Figure A.5 — Organization of the contents of a Bits Per Component box

Table A.5 — Format of the contents of the Bits Per Component box

Field name Size (bits) Value
BP(Ci 8 See Table A.6

This parameter specifies the bit depth of component i, minus 1, encoded as a 1-byte value (Table A.6).
The ordering of the components within the Bits Per Component box shall be the same as the ordering
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of the components within the codestream. The number of BPC! fields shall be the same as the value of
the NC field from the Light Field Header box. The value of this field shall be equivalent to the respective
Ssiz! field in the LFC marker in the codestream. The low 7-bits of the value indicate the bit depth of this
component. The high-bit indicates whether the component is signed or unsigned. If the high-bitis 1, then
the component contains signed values. If the high-bit is 0, then the component contains unsigned values.

Table A.6 — BPCi values

A.3.3l3 Camera Parameter box

A.3.313.1 General

The (

global reference grid, its size, and calibration information about the light field. This box is

Came
of the

a number of parameters, known as the intrinsic and extrinsic parameters.

A.3.313.2 JPEG Pleno camera parameters

As specified in ISO/IEC 21794-1, JPEG Pleno provides a mechanism to co-register pl

contd
and a

in th¢ represented 3D scenesIntaddition, each JPEG Pleno Light Field, Point Cloud and H

shall

grid is specified by signalling its translation and rotation with respect to the global refere

rotat

The 1

JPEG [Pleno LightField, Point Cloud or Hologram box.

Values (bits) .
Component sample precision
MSB LSB
x0000000 anpnnpnf bit Hﬂpfh =value+1 From1bit prp t0.38 bitsg
to deep respectively (counting the sign bit, if appropriate).
x010 0101
0XXX XXXX Components are unsigned values.
1XXX XXXX Components are signed values.
All other values reserved for ISO/IEC use.

amera Parameter box provides information on the positioning of the local reference grid in the

ra models can be represented by matrices with‘particular properties that represent

ptional.

the mapping

3D world coordinate system to the image coordinate system. This 3D to 2D transfornm depends on

ined by the JPL file on a 3D reference grid system. This reference grid system exists o
local reference grid. The global reference grid allows the positioning of the individu

be assigned a local reference grid to address their sampled plenoptic data. This lo

on angles shall be determined utilizing the right-hand rule for curve orientation.

arameters related to the local reference grid are signalled per plenoptic object in th

bnoptic data
ut of a global
1l modalities
plogram box
al reference
hce grid. The

e associated

© ISO/IEC 2021 - All rights reserved
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In

included in t
A.3.3.3.3 (

A.3.3.3.3.1

The camera
Figure A.6.

camera sett
and fixed to
and pixel co
are external
location and

A.3.3.3.3.2

Considering
The camera

Figure A.$,
each case, t
a given bou

hat bounding box.

Both intrinsic and extrinsiclparameters are being signalled to model and calibrat
e
h particular camera/digitization setup, allowing the mapping between camera coorditln
prdinates in the image plane.[!] The extrinsic parameters are the camera parameter

Yo

Figure A.6 — The global and local referencegrid

boundaries and coordinate axes of the global and onelocal reference grid are shov
e samples or coefficients coincident with the lefténd upper boundaries are includ
ding box, while samples or coefficients along the.right and/or lower boundaries af

amera modelling and calibration

General

modelling and calibration issxdéscribed based on the local reference grid (X;, Y,
ng and behaviour. The intrinsic parameters are the camera parameters that are in

to the camera and'may change with respect to the 3D local reference grid, definin
orientation of the camera with respect to the 3D local reference grid coordinate systs

Intrinsie camera parameters

a pinhole camera model, the centre of projection is the ‘optical centre’ (C in Figure
S pr1nc1pal axis’ (ZCAM in 1gure A. 7) is the line perpendlcular to the 1mage plane

vn. In
ed in
e not

/) in
e the
rnal
ates
5 that
g the
b1,

[A.7).
that

passes throu

gll LIlt! [)lllllUlE ll,b lIlLEI bULLlUIl WlLll Lllt! llIldgtﬂ [)ldllt! lb KIlUWIl ddS Llle [)I lllLl[Jdl [JUl

it’ (p

in Figure A.7) and it is the geometrical centre of the image. The parameters u, and v are the principal
points offsets, which are the coordinates of the principal point relative to the coordinate axes u and v

(Figure A.7).
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CAM

CAM

CAM
Vo

Figure A.7 — Pinhole camefra geometry

The fpcal lengths fu and fV correspond to the distance between the optical centres of the fameras and

their|respective image planes. They are represented in terms of pixel dimensions in the u and v
directions. For example, if the camera focaldéngth is given in mm one needs to conveft it to pixel
dimepsions using Formulae (A.1) and (A.2), For square pixels the sensor height is equal to the sensor

width, and fu is equal to fV.

ju (pixel) = (focal length (mm) Asensor width (mm)) x image width (pixel) (A1)

\

! (pixel) = (focal length\hm) / sensor height (mm)) x image height (pixel) (A.2)

The axis skew parameter sk causes shear distortion in the projected image, and for most of|{the cameras
its vallue is equal ta.zero. The parameters fu , fV ,sk, U, and A completely characterize the mapping of

an image pojint from camera to pixels coordinates. They are known as the intrinsiqd or internal
parameters efa camera system and can be represented by the transformation matrix Kin Fgrmula (A.3):

{ fu sk u, -I
K=10 f v, (A.3)
0 0 1

The matrix K is known as the calibration matrix. In general, the mapping from 3D local reference grid
to the image is linear. A camera system is said to be calibrated when its intrinsic parameters are known,
otherwise it is an uncalibrated camera system.

A.3.3.3.3.3 Extrinsic camera parameters

The parameters that relate the camera orientation and position to a 3D local reference grid coordinate
system are called the extrinsic or external parameters. The geometric quantities (rotational and
translational components) describing the relative position and orientation of the cameras are called
the extrinsic parameters of the camera system. The rotation and translation can be represented in
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an extrinsic matrix taking the form of a rigid transformation matrix: a 3x3 rotation matrix R, and
a 3x1 translation column-vector ty; = (XCC, YCC, ZCC)T that can be represented in a 3x4 matrix, as in

Formula (A.4).

ny o i3 Xcc
R|tM =Ty Ty Thg Yce (A4)
By Ty T3 ZCC

Matrix P (Formula (A.5)), known as the projection matrix, or camera matrix, represents the pose of
the 3D local reference grid coordinates relative to the image coordinates. It contains 6 independent

parameters
expressed in

P=K[R|

The 3x4 mat
coordinates)
coordinates)
by u =P X,V
the 3D local
represents t

For example

angle of rotation, according to the right-handed coordinates.

Formulae (A

the local reference grid (Figure A.6).

u)

rix P relates the sensor plane 2D image coordinates u = (u, v) (i = (u, vA1)in homoge
to the 3D local reference grid coordinates X = (X;, Y}, Z;) ( X = (X}, Y;»Z}, 1) in homoge
via Formula (A.5). The mapping between a point in the 3D world-into a 2D image is
Vhere ¢ is the image point in homogeneous coordinates, P is the Camera matrix and
reference grid point in homogeneous coordinates. The extrinsic camera parameter 1
he current status of the camera in the 3D scene.

Ly

arotation in 3D local reference grid space involves an(axis around which to rotate, a

6), (A.7) and (A.8) show the rotation matrix values for rotations around these 3 axes;

1
R =|0
X

0
coording

cd
R =
Yy

—5
coording

)

Degrees of Freedom - nnP)- 3 for rotation and 3 for translation These parameters are

(A.5)

eous
eous
civen
X is
latrix

nd an

0 0
cosf, —sinf, , rotation around the X, axis, rotates Y;, Z;, leaving the X;
CAM CAM
sinf cos6
Xeam Xcam
tes fixed (A.6)
s6 0 sin6
Yeam Yean
0 1 0 , rotation around the Y; axis, rotates X;, Z;, leaving the Y;
ino, 0, “cosO
Yeam Yeam
tes fixed (A7)
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cos@ sinf 0
Zeam Zeam
R =|-sinf cos@ 0|, rotation around the Z, axis, rotates X;, Y;, leaving the Z;
z Z Z
cAM CAM
0 0 1

coordinates fixed.

(A.8)

Any rotation can be expressed as a combination of the three rotations about the three axes, as per

Formula (A.9):

>ul

Formjula (A.10) shows the mapping of a 3-D local reference grid point (X}, Y},.Z;) to the imag

syste

A.3.3

The t
have

If the
be in

L |
1 0 0 cosBYCAM 0 sm9YCAM COSQZCAM sm@ZCAM 0
=(0 cos@ —sin@ 0 1 0 —sin@ cos@ 0
Xcam Xcam - 0 0 Zeam Zeam
: —sin cos
0 sm9XCAM cosQXCAM Yen Yeam 0 0 1_

m (u,v) , for a calibrated system:

X
/ fu skouyllry, 1, TnslXCC YL
y|=| 0 fv Vo Il o1 Ty T3 |YCC ZL
1| |0 0 1||r, rn, nlZc 1L
3.4 Camera Parameter box definition

ype of the Camera Parameter box shall be 'lfcp' (0x6C66 6370) and the contents of
the format as in Figure A.8.

Camera Parameter box is not signalled, all parameters specified in Figure A.8 and T3

(A.9)

e coordinate

(A.10)

he box shall

ble A.7 shall

tialized to zero. The scaling values Sg; y Sy and Sg; 7 will be initialised to 1.
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7/ 7 7 /7/ 7 7 /7// 7 7/ |
77000777
PP léxLO// /) LO/': ,f:ZLOé//@XL// GYL/ /‘:@ZLé/js(;szé ,SGLY/i /SGLZé ExtInt Baselinex Baseliney
XCC(0,0) YCC(0,0) ZCC(0,0) Oxcam(0,0) Oveam(0,0) Ozcam(0,0)
£(0,0) sW(0,0) sH(0,0) sk(0,0) 1,(0,0) v0(0,0)
XCC(q,1) YCC(0,1) 7CC(0,1) Oxcam(0,1) Ovcan(0,1) O7c,am(0,1)
f(0,1) sW(0,1) sH(0,1) sk(0,1) u,(0,1) v(0,1)
Oxcam Oveam Ozcam
XCC(T-1,5-1) | YCC(T-1,5-1) | ZCC(T-1,5-1) (T-1,5-1) (T-1,8:1) (T-1,5-1)
f(T-1,$-1) | sW(T-1,5-1) | sH(T-1,5-1) | sk(T-LS:1N uo(T-1,5-1) | vo(T-1,8-1)
Key
Light field pofkition in global reference grid
PP precision of coordinates (Precision Pre¢& 16x2PP)
X0 position of the origin of the local, reference grid in the global reference system along the X
roordinate axis
Yio position of the origin of the-local reference grid in the global reference system along the Y
roordinate axis
Zio position of the originyof the local reference grid in the global reference system along the Z;
Coordinate axis
0 Fotation offset around the X; axis (in rad)
XL
9 Fotation offsétaround the Y, axis (in rad)
YL
9 Fotation-offset around the Z; axis (in rad)
ZL
SeLx scaling of local reference grid system with respect to global reference grid system for the X-axes before
otattomn
Sey scaling of local reference grid system with respect to global reference grid system for the Y-axes before
rotation
SqLz scaling of local reference grid system with respect to global reference grid system for the Z-axes before

rotation

Extrinsic parameters for pinhole camera corresponding to subaperture view (t, s)

ExtInt
Baseliney

Baseliney

XCC (t, s)

24

signals which extrinsic and intrinsic camera parameters are signalled

horizontal camera baseline, used when XCC(t,s) = s x Baseliney + XCC(0,0), and hence, XCC(0,1),
XCC(0,2), ..., XCC(T-1,5-1) do not need to be signalled

vertical camera baseline, used when YCC(t,s) = t x Baseliney + YCC(0,0), and hence, YCC(0,1), YCC(0,2),
.., YCC(T-1,5-1) do not need to be signalled

camera centre of subaperture view (¢, s) in local reference grid along X; coordinate axis
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YCC(¢, s) camera centre of subaperture view (¢, s) in local reference grid along Y| coordinate axis
ZCC (t, s) camera centre of subaperture view (¢, s) in local reference grid along Z; coordinate axis

0 ts
XCAM ( )

camera rotation offset around the X axis (in rad)

camera rotation offset around the Y| axis (in rad)
GY (t, s)
CAM

camera rotation offset around the Z; axis (in rad)
8, (ts)
CAM

Intrinsic parameters for pinhole camera corresponding to subaperture view (t, s)

f(ts) focal length (in mm)

sW (t[s) sensor width (in mm)

sH (t,5) sensor height (in mm)

sk (t,9) sensor skew

u, (t.9) horizontal principle point offset

vy (8.9) vertical principle point offset

NOTH1 PP indicates the floating-point precision issued for the coordinates.

NOTH2 X0 Yio Zro , , , Serx SeLy Scrz t,s), O t,s) and 6 t
Lo’ Lo Lo GXL GYL GZL GLX’ OGLY’ °GLZ OX (& s) Yo (& s) Zeam (

CAM
chosep floating-point precision.

Figure A.8 — Organization of the contents of the Camera Parameter box

The geometrical coordinates of the centre of the catmera when acquiring the view (¢, s) are

XCC(t,S), camera centre on XL
ycc (t,s), camera centre on YL

2CC (t,s), camera centre on Z,.

An ejample of camera centre coordinates for a planar camera array is given in Figure A.9
the hprizontal and vertical coordinates are illustrated for five views in the camera array.
centres XCC and YCC are used together with the normalized disparity maps D to obtain hg
verti¢al disparity maps between a pair of views in the light field. For usage examples see A
Annefx E.4.

s) utilize the

denoted as

where both
The camera
rizontal and
hnex D.4 and
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> S
XCC(0,0) = XCC(0,4) =
-23.9318 23.7485
YCC(0,0) = YCC(0,4) =
-24.7440 -24.4866
XCC(2,2) =
0
YCe(2,2) =
0
XCC(4,0) = XCC(4,4) =
-23.8790 237911
YCC(4,0) = YCC(4,4) =
24.6117 24.7276
v
Figure A.9 — Organization of subaperture views and associated planar
camera calibration information
Table A.7 — Format of .the contents of the Camera Parameter box
Fie]d name Size (bits) Value
PP 8 0 to (28-1)
XLo variable big endian, floating point
Yio variable big endian, floating point
Zio variable big endian, floating point
0y, variable big endian, floating point
eYL variable big endian, floating point
GZL variable big endian, floating point
ScLx variable big endian, floating point
SeLy variable big endian, floating point
SgLz variable big endian, floating point
ExtInt 16 See Table A.8
Baseliney 32 single precision, big endian floating-point
Baseliney 32 single precision, big endian floating-point
XCC(0,0) 32 single precision, big endian floating-point
YCC(0,0) 32 single precision, big endian floating-point
ZCC(0,0) 32 single precision, big endian floating-point

26
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Field name

Size (bits) Value

eXca\m (0’ 0)

32 single precision, big endian floati

ng-point

0, (0,0)

32 single precision, big endian floati

ng-point

Ycam (
9anm (0’ 0)

32 single precision, big endian floati

ng-point

£(0,0)

32 single precision, big endian floati

ng-point

sW(0,0)

32 single precision, big endian floati

ng-point

sH0O O
AN g J

32

single precision big endian floati
5o =]

g-point

sk(0,0)

32 single precision, big endian fleati

ng-point

u,(0,0)

32 single precision, big endianfloati

ng-point

v(0,0)

32 single precision, big endiah floati

ng-point

XCC(0,1)

32 single precision, bigyéndian floati

ng-point

YCC(0,1)

32 single precision)\big endian floati

ng-point

uy(7-1,5-1)

32 single precision, big endian floati

ng-point

vo(T-1,5-1)

32 singlé precision, big endian floati

ng-point

Table A.8 — Meaning of ExtInt bits

Bit

position | Value

Meaning

(LSB)

XCC(t,s) = s x BaselineX +XCC(0,0)

Signal BaselineX and X€C(0,0), the remaining (7xS)-1 XCC entries in Tab
signalled

e A.7 are not

The TxS XCC(t,s)\entries in Table A.7 are signalled

YCC(t,s) = t xBaselineY + YCC(0,0)

SignalBaselineY and YCC(0,0), the remaining (7xS)-1 YCC entries in Tab]
signalled

e A.7 are not

The'TxS YCC(t,s) entries in Table A.7 are signalled

ZCC(t,s) = ZCC(0,0) and the remaining (7xS)-1 ZCC entries in Table A.7 are

not signalled

The TxS ZCC(t,s) entries in Table A.7 are signalled

Bycam(t:S) = Ox.am(0,0) and the remaining (7xS)-1 entries in Table A.7 are

not signalled

The TxS Oy, (t,5) entries in Table A.7 are signalled

Bycam(tS) = Bycam(0,0) and the remaining (7xS)-1 entries in Table A.7 are

not signalled

The TxS 0y..,(t,5) entries in Table A.7 are signalled

07cam(®5) = 05.,,(0,0) and the remaining (TxS)-1 entries in Table A.7 are

not signalled

The TxS 0;.,m(t,s) entries in Table A.7 are signalled

f(t,s) = £(0,0) and the remaining (7xS)-1 entries in Table A.7 are not signalled

The TxS f(t,s) entries in Table A.7 are signalled

sW(t,s) = sW(0,0) and the remaining (7xS)-1 entries in Table A.7 are not signalled

The TxS sW(t,s) entries in Table A.7 are signalled

sH(t,s) = sH(0,0) and the remaining (7xS)-1 entries in Table A.7 are not signalled

The TxS sH(t,s) entries in Table A.7 are signalled

sk(t,s) = sk(0,0) and the remaining (7xS)-1 entries in Table A.7 are not signalled

Rlo|lr|lo|lr|lo|lr|o|r|olr|o|rRr|IV—]lo]|r

The TxS sk(t,s) entries in Table A.7 are signalled
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Table A.8 (continued)
Bit position | Value Meaning
10 0 u0(t,s) = LU/2] and the (TxS) entries in Table A.7 are not signalled
1 The TxS u0(t,s) entries in Table A.7 are signalled.
1 0 0(t,s) = LV/2] and the (TxS) entries in Table A.7 are not signalled
1 The TxS vO(t,s) entries in Table A.7 are signalled
12-15 0 Reserved for future ISO/IEC use

A3.4 Contiguous Codestream box

The Contigupus Codestream box contains a JPEG Pleno codestream.

The type of

F

e

Contiguous Codestream box shall be 'jp2c' (0x6A70 3263). The contents of the box shill be
as in Figure A.10 and Table A.9:

Table A.9 — Format of the contents of the Contiguous Codestream box

7

4C0dej:

gure A.10 — Organization of the contents of the Contiguous Codestream box

Field name Size (bits) Value
Code Variable Variable
Code [his field contains valid and complete JREG Pleno codestream components as specifled in

Annexes B, C, D and E.

28
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General
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This
speci

B.2

B.2.1

In th
4D li
a pre
fixed
the li
sub-h
criter
the ti
and a
procg

AllT

A san
wher

fied and subsequently the light field decoding process is detailed.

hnnex describes an instantiation of 4D Transform mode encoder. Next, the codestre

4D transform mode encoding

High-level coding architecture

e 4D transform mode, the light field is encoded with a four-stép process (Figure B.
bht field data is divided into fixed-sized 4D blocks that aré independently encoded
defined and fixed scanning order. However, if any light field dimensions are not mul
sized 4D blocks, the sizes of the 4D blocks at the light field boundaries shall be trung
bht field dimensions. The initial blocks can be furthér partitioned into a set of non-ovi
locks, where the optimal partitioning parametefks)are derived based on a rate-dist
ion. Each sub-block is independently transforméd by a variable block-size 4D DCT. S
ansformed blocks are quantized and entropy coded using hexadeca-tree bit plane de

him syntax is

1). First, the
according to
tiple of such
ated to fit in
brlapping 4D
ortion (R-D)
ubsequently,
composition
This coding

daptive arithmetic encoding, producing a ggmpressed representation of the light field
dure is applied to each colour componeiitindependently.
exture Views
BITPLANE
4D BLOCK ARITHMETIC
" PARTIONING 4D-DCT b HEXADECA-TREE ENCODER
DECOMPOSITION

bitstream
—>

Figure B.1 — 4D transform mode encoding architecture

hple (pixel) of the light field is referenced in a 4D coordinate system along the ¢, s, 1
e t and s are-representing the coordinates of the addressed subaperture view, and

sampjle coordindtes within the subaperture images as illustrated in Figure B.2. The blocks
in the directions ¢, s, v and u, with direction u corresponding to the inner loop of the scan
a psepdo4code describes the scan of the 4D blocks. Each 4D block will generate a separate

¥ and u-axes,
v and u the
are scanned
In Table B.1
codestream

embgddéd in the codestream, which can be independently decoded in support of random afccess.
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o000
o000
([ ] [ ] ° ([ ]
[ ] [ ] 0. ([ ]
([ ] [ ] ([ ]
u
o000
v
\ /

Figure B.2 — 4D structure

The 4D blodk partitioning, as well as the clustering of the bit-planes‘of transform coefficient|- for
efficient encpding - are signalled using tree structures (Figure B.3)."The partitioning of the 4D Hlocks
in sub-blockp is signalled with a binary tree using ternary flags. These flags signal whether:

— ablock ik transformed as is;
— is splitipto 4 blocks in the s,t (view) dimensions;

— is splitipto 4 blocks in the u,v (spatial) dimensionss

XS XV XU,

Key
Sn splitnod

7

Ln leaf node

Figure B.3 — Binary tree representing 4D-block partitioning of a t;xs;xv;xu, 4D block

Before subsequently applying the 4D-DCT on the sub-blocks, a level-shift operation is performed
to reduce the dynamic range requirements of the DCT (Annex B.2.3.1). The deployed 4D DCT
(Annex B.2.3.2) is separable, i.e. with 1D transforms computed separately in each of the 4 directions. An
example of the computation flow of the 4D separable transform is depicted in Figure B.4. The order of
the 1D transforms is arbitrary.
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4D block DCTff__ .
coelricients
, D(t:T D(SIT DST DST

Figure B.4 — Separable forward 4D-DCT

After the 4D-DCT is performed, the set of transform coefficients is sliced into 4D bit-planes. A transform
coefficient is considered non-significant on a 4D bit-plane if its bits belonging to higher 4D bit-planes
are all zero. Otherwise, the transform coefficient is considered to be significant. A hexadeca-tree with
i ignifi ici i e significant

t bit-plane is
ent bit-plane
L bit-plane is

e, where the
least|significant 4D bit-plane being determined by the desired quantization level. Both the hexadeca-
tree bits and the bits from the transform coefficients areencoded using an adaptive arithnpetic coder.

L, XS, XV, XU,

() &~ Sn

Sn ~ Ln

Key
Sn Splitnode

Ln Leafnode

Figure B.5 — Hexadeca-tree representing the clustering of bit-planes of 4D transform
coefficients of a t,xs,xv,xu, 4D block

The structure that clusters the non-significant 4D transform coefficients and thus localizes the
significant ones is a hexadeca-tree, that is encoded using ternary flags. They signal that a block of
transform coefficients containing a significant coefficient at the current bit-plane is split into 16 blocks
in the four ¢, s, v, u dimensions, or that a block of transform coefficients not containing any significant
coefficient at the current bit-plane is not split, or that a block of transform coefficients containing a
significant coefficient at the current bit-plane is discarded. The 4D bit-planes are scanned from the
most significant to the least significant one, where the least significant 4D bit-plane being determined
by the desired quantization level. Both the hexadeca-tree bits and the bits from the coefficients are
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encoded using an adaptive arithmetic coder. The hexadeca-tree structure mentioned above is depicted
in Figure B.5.

The following two sections provide more insight on the partitioning strategy and the entropy and
quantization steps.

B.2.2 Optimize partitioning

The optimized partitioning for each block in Figure B.6 is obtained as follows: initially each block is
transformed by a full-size DCT (B.2.3.2), and the Lagrangian encoding cost, J, is evaluated (Table B.5).
This cost is deflned as Jy= D +AR, where D is the distortion incurred when representing the original

block by the
to evaluate t

Next, the bl
pixels in thg
This block

tixspx Lv,/2]
Lu,/21), res

Figure B.8 s
split (signal
illustrates t
four nodes o

nnnnnnnn B—aad-Ric Beadadt Tl o oo

= £ oblo D O o
TPt oceattre-otrantt oot

dz dad +
HerzZzeaverstonantar< T 1aL\. Heeaetr LU CITICOCTCTC T IT

his cost.

1St

Figure B.6 < 4D Block of a light field

ck can be partitioned dnfour sub-blocks each one with approximately a quarter

spatial dimensions. For example, let us consider a block B of dimensions t;xs;x
pictured in Figure-B.7 and Figure B.8) will be subdivided in four sub-blocks of
x /2], txsixl/2] x(u- Lug/21), txsix(vi- vy/21)x Lug, /2] and txsx(vy- vy /2]
pectively.

hows a 4B block with dimensions t,xs;xv,xu, in the root node. When applying the s
d with.the spatialSplit flag) to the root node, the tree in Figure B.8 is obtained. Figuj

|
]re fduy'ways that a single view is partitioned using the spatialSplit flag, correspondj

Flgure B.8. The optlmal partltlon for each sub-block is computed by means of the recy

used

f the
}k_x uk.
S1Zes
x[uk-

batial
e B.7
ng to
rsive

procedure de

Scribed I Tabie B.5 and the Lagrangian Costs oI the foursub-biocks are added to co

the Lagrangian cost J; (Spatial R-D cost).
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s
LRI R222DP 222223
SIS
ERRER R IR R R

SHEELERLIE R R
AR AR

e N
FEBRLELER LR R R,
EREEREERRE LR
SRR Q
RPN E P E VR LY. (]/

e

| ’
i )
Figure B.7 — Spatial partitioning of block with spatial dj-ﬁensions Vi XUy

\<</Q

N XS XV XU,

thstlvk/ZJxluk/ZJ IR [Vk'le/ZJ) x (“k'[“k

xO

.
.

®~ spatialSplit flag
Q~

)

Figyre B.8 — Hier@yc.%ical 4D partitioning of a 4D block with dimensions t,xs,xv; xu, using the

The Block e partitioned in four sub-blocks each one with approximately a quarter jof the pixels
in the yiew dimensions. For example, let us consider again a block B of dimensions| t,xs;xv;,xu,.
This (pictured in Figure B.9 and Figure B.10) will be subdivided in four syib-blocks of
sizes  [t,/2]xLs,/2Ixvixu, — 1t,/2]x(s- Ls,, /21 )xvyxuy, (& Lt /21 )% s, /2T xvixuy, (6 Lty /20 )% (54

Ls;/21)xv,xu,, respectively Figure B.10). When applying the view split (signalled with the viewSplit
flag) to the root node, the tree in Figure B.10 is obtained. Figure B.9 illustrates the four ways that a
4D block is partitioned using the viewlSplit flag, corresponding to four the nodes of Figure B.10. The
optimal partition for each sub-block is computed by means of the recursive procedure described in
Table B.5 and the Lagrangian costs of the four sub-blocks are added to compute the Lagrangian cost J;,
(View R-D cost).
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lsk/ZJ Sk~ lsk/ZJ

|le/2]

b= ltk/ZJ

Figure B.9 — View partitioning of a 4D block of dimenSions &;xs;xv;xu;,

EXSIXV < U

lt ZJXlsk/ZJkax Uy, (tk-ltk/ZJ) x (sk-lsk/ZJ) XV, XU,

(tk-ltk/ZJ) xtsk/ZJkax u, ltk/ZJx (sk-lsk/ZJ) XV, XU,
Key

() Node

t2d  viewsplit flag

Figure B.10< Hierarchical 4D partitioning of a 4D block with dimensions t;xs;xv;xu, , uding
the ln'gur('ph'f flng

Finally, the three Lagrangian costs (J, Jg and J}) are compared (Table B.5) and the one presenting the
lowest value is chosen.

The recursive partition procedure (Table B.5) keeps track of this tree (Table B.11) and returns a
partitionString (Table B.5) that represents the optimal tree. The string is obtained as follows: once
the lowest cost is chosen, the current value of partitionString is augmented by appending to it the flag
corresponding to the lowest cost chosen. Then, the string returned by the recursive call that leads to
the minimum cost is also appended to the end of the partitionString and the procedure returns both the
minimum cost J,, /s or ], and the updated partitionString.
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LXS XV XU,

ltk/ZJXlsk/ZJkax U, (tk-ltk/ZJ) x (sk-lsk/ZJ) XV, XU,

|
(tk-ltk/ZJ) xtsk/ZJkax u,

ltk/ZJx (sk-lsk/ZJ) XV, XU,

—

tk/ZJx (sk-lsk/ZJ) lek/ZJXluk/ZJ

|
e /2% s, s /20 Ly, 2 hx (i, Lu, /21
H N
¢, /2% (s, -Ls, 2 x v, v 2 h <l 2] e, /2% s, s ghxlv, 2 xu Lu 2]

Key

(O] Node

M| spatialSplit flag

viewSplit flag

. transform flag
NOTE The transform flag signals that thehrode is a leaf node and will be no further partitioned.

Figure B.11 — Hierarchical 4Dpartitioning using the viewSplit flag and the spatialSplit flag

After|the optimal partition treejis found, the Encode Partition procedure (Table B.6) is called to encode it.

B.2.3 Forward 4D-DET

B.2.3l11 Level shift

Subs¢quently;. the subblocks are subject to a DCT. However, before processing the forwafd DCT for a
blocK of source light field samples, if the samples of the component are unsigned, those samples shall
be leyel(shifted to a signed representation. if the MSB of Ssiz! from the LFC marker segmerjt (see Annex
B.3.216:3} is zero, all samplesxfuvst) of the ith component are level shifted by subtracting the same
quantity from each sample as follows:

X (U;V,S,t) X (u,v,s,t)_ZSsizi

B.2.3.2 Forward 4D-DCT function

First all components have to be converted to the same precision (bit-depth). Each colour component c is
by multiplied by ZX(BPC—SsizC ) before the forward 4D-DCT.
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For a given light field x(u,v,s,t) the corresponding 4D-DCT representation X(ijp,q) is computed by
transforming the block along each dimension as follows.

uk—l B .
2u+1)i | i=0,1,..., u, -1; v=0,1,...,v, -1
X(u) i _ i X ﬂ:( ) yLyeees Uy 3 yLsee Vi
(iv.s.t) \/ZO‘(’)UZ:& (“’V’S’t)cosl 2u, ]’s:0,1,...,sk—1; £=0,1,....t, -1
) (i \/— _V"_lx(u) _ x(2v+1)j] i=01,..., u -1; j=0,1,...,v, -1
(1:J:5:6) =V, a(])g) (1,v,5,¢) cos 2v, " s=01,...5,-1; t=0,1,..¢t -1
ST =0,1,...u -1, j=0.1,,.p -1
(UVS) S — (uv) . . 7[(25"'1)[7 . 1 YA AR k ) ] I ALY /4
X p) Ea(p)gox (I’J’S’t)w{ 2s, ' p=0,1,...5,-1; t=00"F 1
tk—l i .
2t+1)q | i=0,1,...,u ~1; j50,1,...,v,|-1
X(i,j = X(“a"ys) i i ”(— . k k
(1) pya) ‘/aa(q)g (1’]’p’t)COS[ 2t, } p=0,1,....5, -1 \q=0,1,....t, |-1

where a(O :\/% and a(n):\/%;nzl,Z,..., N-1,, where N is the size{of the transform. Output

coefficients fire represented as 32-bit integers. As indicated earlier, thettransform order is arbitrary.

B.2.4 Quantization and entropy encoding.

The quantizption and entropy encoding rely on the R-D opfimrized hexadeca-tree structure, whiich is
constructedfbased on the procedure listed in Table B.7 and:which is further discussed in this paragraph.
This tree is juniquely represented by a series of ternary.flags: lowerBitplane, splitBlock and zeroBlock
(Table B.44)| The hexadeca-tree is built by recursively'subdividing a 4D block until all sub-blocks feach
a 1x1x1x1 41) block-size. The hexadeca-tree is builtby recursively subdividing a 4D block. Starting from
a 4D block of size txs,xv,xu,, and a bit-plane initjally set to maxBitplane (Table B.11), 3 operations are
performed:

i) Lower the bit-plane: in this case; the descendant of the node is another block with the [same
dimpnsions as the original pne-but represented with precision bitplane-1. This is used to indi-
cate for all pixels of the block‘that the binary representation of their magnitudes at the current
bitplane and above are.zero. This situation is encoded by the ternary flag value lowerBitPlane.

ii) Splik the block: in this case, the node will have up to 16 children, each one associated to 4 sub-
blodk with appreximately half the length of the original block in all four dimensions. For example,
a blpck B of sizet;, xs,xvxu, can be split in the following sub-blocks:
Byodo of size (Lty/2] x Lsy/21 x Lvy/2] x luy/21),
Byodiofsize (Lty/2] x Lsy/21 x Lvy/2] x uy-luy/21),

Bypip of size (Lt,/21 x Lsy /21 xvy-lvy/2] x luy/21),
Bygiq of size (Lt,/2] x Lsp/2] xvy-1vy/2] x uy-luy/2]),

Byigp of size (Lt,/2] x s, -Lsp/2] x |vy/2] x luy/21),
Byo1 of size (Lty/2] x s, - Lsp/2) x Lvy/21 xuy-lu,/21),
B9 of size (Lty/2] x s, - Lsy/21 xvy-Lvy/21 x Luy/21),
By;1q of size (Lty/2] x sp, - Lsp/2] x vy- vy /21 x uy- Luy/21),
Biggg of size (t,- Lt,/2] x Lsp/2] x |vy/2] x luy/2]),
Bigoz of size (t- Lty/21 x Lsp/21 x v /2] xuy-luy/21),
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Bjpg9 of size (t,- Lty/21 x Lsy/2] xvy-lvy/21 x luy/21),
B;pq; of size (¢,- Lty/21 x Lsy/21 xvy-vy/2] x uy-luy/21),
Bi90 Of size (ty- Lt,/2] x s, -Lsp/2] x Lvy/2] x Luy/21),
Bj19; of size (£,- L£,/2] xsp,-Ls,/21 x Lvp/2] xuy-luy/21),
Bjq19 of size (£,- L£,/2] x sp,-Ls,/2] xvy-Lvp/2] x |u,/21),
B;q1; of size (¢,- Lty/21 x sp,- Lsp/21 x vy-Lvy /2] x uy-luy/21).

2:2021(E)

There are 16 possible sub-blocks, but depending on the size of the parent block, some of these

descendant Sub-blocks will Tave ome or MoTe of ThelT [engths equal to Zero and sna
All descendants have the same bit-depth as the parent. This situation is indicate
value splitBlock (Table B.44).

—e

Discard the block: the node has no descendants and is represented by.an“all-zerg
situation is indicated by the flag value zeroBlock (Table B.44).

The

terndry flags in the segmentation string until a 1x1x1x1 4D block-size is reached.

Giver] a particular hexadeca-tree, specified by a unique segmentationString of ternary s
flags[together with a particular block, the data can be encodédhby means of the recursiy
descijibed in Table B.8. The inputs to this procedure are the'transformed block to be enc
optimal partition string. It recursively subdivides the input-block, as determined by the f
in the segmentation string. Then the magnitude of the single coefficient of this block is enc
fime, ranging from the current bit plane to the minimumBitplane (Table B.8), using

encodler with a different context information for each bit. If the coefficient is not zero val

g lowerSegmentationString. However, if any coefficient is above the threshold, the
is segmented into up to 16 sub-blocks as previously described. The optimization

| be skipped.
H by the flag

s block. This

j)rocedure described in Table B.7 recursively subdivides the input block, as determined by the
r

egmentation
e procedure
ded and the
ernary flags
oded one bit

arithmetic

b
d, its signal

ce as well as

ively chooses
ion sense. The
ionString=null,

med block is
agnitudes of
ed with the
es returned
egmentation
transformed
brocedure is
fain the new
to form the

block entlrely composed of ZEeros. The lowest cost is chosen and the segmentatlon strmg i
follows:

lowerBitplane followed by the lowerSegmentationString.

followed by the splitSegmentationString.

The procedure returns the lowest cost and the resulting associated segmentation string.

© ISO/IEC 2021 - All rights reserved

eplaced by a
s updated as

If the minimum cost is J, the input segmentation string is augmented by appending a flag

If the minimum cost is J;, the input segmentation string is augmented by appending a flag splitBlock

If the minimum cost is J,, the input segmentation string is augmented by appending a flag zeroBlock.
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The 4D coefficients, flags, and probability context information generated during the encoding process,
are input to the arithmetic encoder, that generates the compressed representation of the light field
(Table B.4). The adaptive statistical binary arithmetic coding is detailed in Table B.12, Table B.13 and
Table B.14. The arithmetic coding requires transmitting only the information needed to allow a decoder
to determine the particular fractional interval between 0 and 1 to which the sequence is mapped,
adapting to changing statistics in the codestream.

B.2.5 Sample encoding procedure

In this subclause, a sample encoding algorithm is provided for informative purposes. The main
procedure processing the individual 4D blocks is listed in Table B.1.

else uk = BLOCK-SIZE u;

Table B.1 — 4D block scan procedure
LightField|) {
SOC_marker() Write SOC marker
LFC marker|) Write LFC'mmarker
Write SCC nfarker () for every colour component not having a global WriteSCCmgrkerforcolour Co_m'
T ponéntiof which the global s¢aling
scaling factor equal to 1. factor is different from 1
PNT marker|) Write PNT marker
for (t=0; t{T; t+=BLOCK-SIZE t ){// scan order on t S(.:anorderont[Tdeflnedlnnght
- Field Header box)
Scan order on s (S defined jn
for (s=0;|s<S; s+= BLOCK-SIZE s){ // scan order on s
Light Field Header box)
Scan order on v (V defined|in
for (v=0; v<V; v+= BLOCK-SIZE v){ // scan orger on v
Light Field Header box)
Scan order on u (U defined in
for (§=0; u<U; u+= BLOCK-SIZE u){ //¢scan order on u
Light Field Header box)
for (c=0; c<NC; c++){ // scanidrder on colour components |Scanorderon c (colourcompqnent)
OB marker () ; Write SOB marker
if| ( (TRNC) && ((T — BLOCK-SIZE t) < t < T) ) {
tk = T umod BLOCK _SIZE t; } Block size computation
elge tk = BLOCK-SIZE t;
if] ( (TRNC) &&, (¢S - BLOCK-SIZE s) < s < S) ) {
sk = S {uked BLOCK_SIZE_s; } Block size computation
elge sk _=BLOCK-SIZE s;
if]| ( ,(TBNC) && ((V — BLOCK-SIZE v) < v < V) ) {
$k = V nmod BIOCK STZE v: |} Block size computation
else vk = BLOCK-SIZE v;
if ( (TRNC) && ((U — BLOCK-SIZE u) < u < U) ) {
uk = U umod BLOCK SIZE u; } Block size computation

38
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Padding (LF.BlockAtPosition(t, s, v, u));

Fills the pixels outside the light
field if needed. If TRNC ==1, there
will be no pixel outside the light
field, and Padding (Table B.2) will
have no effect.

Note that the 4D array LF.Block-
AtPosition is a local copy of the
currently processed 4D block (for
colour component c).

Iritiakizesthearithmetic coder

InitEncoder () for each coded.codpstream
(Table B.13)

Encode (LF.BlockAtPosition(t, s, v, u), lambda) no‘. ;-

} // end of scan order on colour components loop Ab"v
)
} Z
) 1%
} (/U
} r\\\v
\J

Table B.2 — 4D block p ing procedure
Va)

Procpdure Padding (block) { \\\<
QO
%

N\

When TRNC == 0 and a block ex-
ceeds a light field dimension, the
exceeded block pixels|are filled with
block values at the light field border

if (k+tk > T) {

folr (ti = T; ti<t+tk; ++ti) { 4\‘“

for (si = s; si<s+sk; ++si)\p

= v; v1<v+vk;<@h_) {

for (vi

for (ui = u; ui<u@\,‘ ++ui) |

block[ti—t]@.‘i—‘s] [vi-v] [ui-u]
= blog@t—l] [si-s] [vi-v] [ui-u]
} A\U
e
} AU‘
v L, O
[\
if (s+sk > S) {
for(ti = t; ti<t+tk; ++ti) {
for(si = S; si< s+sk; ++si) {
for(vi = v; vi<v+vk; ++vi) {

for (ui = u; ui<u+uk; ++ui) {

block[ti-t] [si-s] [vi-Vv] [ui-u]

= block[ti-t] [S-s-1][vi-Vv] [ui-u]

© ISO/IEC 2021 - All rights reserved
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Table B.2 (continued)

}
}
if (v+vk > V) {
for(ti = t; ti<t+tk; ++ti) {
for(si = s; si<s+sk; ++si) {
for(vi = V; vi<v+vk; ++vi) {
for (ui = u; ui<u+uk; ++ui) {
lock[ti—-t][si—-sllvi-v]lni-nul]
= block[ti-t] [si-s] [V-v-1] [ui-u] a\
} (]QV
} 9"
} Lo
} N
! .Y
if (utuk >|u) ¢ K -
for (ti =|t; ti<t+tk; ++ti) { O\‘
for(si|= s; si< s+sk; ++si) { <(\k:
for(yi = v; vi< v+vk; ++vi) { , O\
for(ui = U; ui< u+uk; ++ui) { <S<
lock[ti-t] [si-s] [vi-Vv] [ui-u] (< -
N
= block[ti-t] [si-s] [vi-v] [U-u-1] &0
} <
} Q
} -~
NS
} r\,\JJ?
} N
Tab e@S — 4D-DCT block coefficient component scaling
)
Procedure $caleBlockiblock) { Scaling of the 4D-DCT coeffi-
cients components by Spsc¢ (see
(-% B.3.2.6.3)
\)
for (ti = 0 \{éftk; ++ti) |

for(si = O;‘ si< sk; ++s1i) {

for(vi = 0; vi< vk; ++vi)

{

for(ui = 0; ui< uk; ++ui)

{

block[ti] [si][vi][ui] = [Spscclc]
[vil [uil'l;

x block[ti] [si]

The array Spscc contains the global
scaling factors for each colour
component.

40
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Table B.4 — 4D block encoding procedure

Procedure Encode (block, lambda) {

OptimizePartition(partitionString, block, lambda); Defined in Table B.5
EncodeMinimumBitPlane () ; Defined in Table B.10
EncodePartition (partitionString, block); Defined in Table B.6

FlushEncoder () ;

Defined in Table B.14

Table B.5 — 4D block partition optimization procedure (\q:\

Procpdure OptimizePartition(block, lambda) { Fhuktheqaﬁﬂél4D-ﬂockparﬁﬁon
b1pckDCT = 4DDCT (block) ; Transf Kd block [using
Annq 6.3.2 defin]tions)

SchleBlock (blockDCT) ; DCT coeffi-

8'[( 1ng of the 4D
nts components
able Table B.3)

by Spscc (see

if|( (tb,sb,vb,ub) ==

AN

\V
(tk, sk, vk,uk) ){ ()

If the block size is
maximum block siz

equal to the

h

FvaluateOptimalbitPlane (MinimumBitPlane, block,‘ésﬁbda);

Defined in Table B.1

1

set MinimumBitPlane to the optimal value ggggdf

set partititionString = "";

} RN

sepmentationString = "";

JO0| = OptimizeHexadecaTree (block, maxgﬁamBltPlane, lambda,

segmentationString);

Defined in Table B.7

JS| = infinity;

1f[((vb > 1)&&(ub > 1)) |

If spatial dimensions|
block are greater th
fined minimum then|
block into 4 (four) nd
sub-blocks (spatialS§

(ub, vb) of the
hn the prede-
segments the
noverlapping

plit flag - Fig-

ure B.7, Figure B.8 afjd Table B.30)

'b = floor (vb/Z) ;
b = fl%@ﬁ/z);
oartiti rings = "";

cjﬁﬁtlmlzePartltlon(Block GetSubblock (block,
\<</ 0,0,0,0,tb,sb,v'b,u'b), lambda);

Points to the sub-block position;
Returns the Spatia] Lagrangian
R-D cost

Js +=
OptimizePartition (Block.GetSubblock (block,
0,0,0,u'b,tb,sb,v'b,ub-u'b), lambda);

Points to the sub-block position;
Returns the Spatial Lagrangian
R-D cost

Js +=
OptimizePartition (Block.GetSubblock (block,
0,0,v'b,0,tb,sb,vb-v'b,u'b), lambda);

Points to the sub-block position;
Returns the Spatial Lagrangian
R-D cost

JS +=
OptimizePartition (Block.GetSubblock (block,

0,0,v'b,u'b,tb,sb,vb-v'b,ub-u'b), lambda) ;

Points to the sub-block position;
Returns the Spatial Lagrangian
R-D cost

}

JV = infinity;

© ISO/IEC 2021 - All rights reserved
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Table B.5 (continued)

f((tb > 1)&&(sb > 1)) | If view dimensions (tb, sb) of the
block are greater than the prede-
fined minimum then segment the
block into 4 (four) nonoverlapping
sub-blocks (viewSplit flag - Fig-
ure B.9, Figure B.10 and Table B.30)

t'b = floor (tb/2);
s'b = floor (tb/2);

partitionStringv = "";
gV = Points to the sub- blockpos ion; Re-
OptimizePaftition (Block.GetSubblock (block, urnstheVlewLagran%ﬁ’u( D cost
0,0,0,0,t'b,s'b,vb,ub), lambda);
JV 4= Points to the sub-b[olzkposnlon, Re-
OptimizePaftition (Block.GetSubblock (block, turnstheVig{@Pérangian R-D cost
0,s'b,0,0,t'b,sb-s'b,vb,ub), lambda);
JV = Pomtmtke sub-block position; Re-
OptimizePaftition (Block.GetSubblock (block, tur. View Lagrangian R-D cost
t'b,0,0,0,tb-t'b,s'b,vb,ub), lambda);
JV 4= CiPoints to the sub-block position; Re-

OptimizePaftition (Block.GetSubblock (block, ‘\\ turns the View Lagrangian R-P cost

t'b,s'b,0,0,tb-t'b,sb-s'b,vb,ub), lambda); Q

} OQ )

AN
N
£((J0 <]JS)&&(J0 < Jv)) | b\ Returns: transform flag [(Fig-
R ure B.11, Table B.30)

partitlonString = cat(partitionString, \@gﬁsformFlag) ;
return|partitionString, JO; A‘\Q)‘ Returns the Lagrangian c¢st of
o transforming the block anfd the
b\ transform flag (Figure B.11,

o Table B.30)

AN

} Y

LE((T5 <[90)sa (I8 < IV)) {4 -

. . N . . . . .
partitjonString = cat@tltlonStrlng, spatialSplitFlagqg);
"~

return|partitionStrrng, JS; Returns the Lagrangian c¢st of
the spatial segmentation and the
C)Q‘ spatialSplit flag (Figure [B.11,
Table B.30)
/ &

1f((IV <|3eYes (av < J0)) {
partitionString = cat(partitionString, viewSplitFlag);

return partitionString, JV; Returns the Lagrangian cost of the
view segmenation and the viewSplit
flag (Figure B.11, Table B.30)
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Table B.6 — 4D block encode partition procedure

Procedure EncodePartition(block, lambda) ({ Encodes a 4D block
blockDCT = 4DDCT (block) ; Defined in Annex B.2.3.2
ScaleBlock (blockDCT) ; Scaling of the 4D-DCT coeffi-

cients components by Spscc (see
Annex B.3.2.6.3 and Table B.3)

if ( (tb,sb,vb,ub) == (tk,sk,vk,uk)) { If the block size is equal to the
maximum block size

point to the start of the partitionString;

gef the partitionFlag at the current position of the (1'/

pbartitionString; (],Q
adfrance the pointer to the partitionString by one position; R ST/V

vA =

if|(partitionFlag == 0) EncodeBit (0,0); Tf[\'m§mits the parti1 ionFlag;
if|(partitionFlag == 1) { (] “ v

FncodeBit (1,0) ; \\‘ A

FncodeBit (0,0) ; ,_O\
} g,\ko
ifl(partitionFlag == 2) { y O\

FncodeBit (1,0) ; A@‘(

FncodeBit (1,0) ; \\x
) QO

%
DptimizeHexadecaTree (block, lambd&j\}naxBitPlane) ; Defined in Table B.7|

et the segmentationStringPoirrK@to the start of the
segmentationString; r\A

FncodeHexadecaTree (block\ﬁn%\{BitPlane) ; Defined in Table B.8§|
X6

-

(partitionFlag ;&DatialSplitFlag) {
7'b = floor (v?\v’;‘ﬁ);
L'b = floo b/2);
EncodePﬁr&??on (Block.GetSubblock (block,
0,0,0,0,tb,sb,v'b,u'b));
@ﬁePartition (Block.GetSubblock (block,
\V0,0,0,u'b, tb,sb,v'b,ub-u'b)) ;
EncodePartition (Block.GetSubblock (block,
0,0,v'b,0,tb,sb,vb-v'b,u'b));
EncodePartition (Block.GetSubblock (block,
0,0,v'b,u'b, tb,sb,vb-v'b,ub-u'b)) ;

=S

i

}
if (partitionFlag == viewSplitFlag) {
t'b = floor(tb/2);
s'b = floor (tb/2);
EncodePartition (Block.GetSubblock (block,
0,0,0,0,t'"b,s'b,vb,ub));
EncodePartition (Block.GetSubblock (block,
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Table B.6 (continued)
0,s'b,0,0,t'b,sb-s'b,vb,ub)) ;
EncodePartition (Block.GetSubblock (block,
t',0,0,0,tb-t'b,s'b,vb,ub)) ;
EncodePartition (Block.GetSubblock (block,
t'b,s'b,0,0,tb-t'b,sb-s'b,vb,ub)) ;

}

return;
}
Table B.7 — 4D block hexadeca-tree optimization procedure q/q/
N2
Procedure (QptimizeHexadecaTree (block, bitplane, Recursive eca-tree ogtimi-
lambda, seghentationString) { zation procedure
if (bitpl¢ne < InferiorBitPlane) { ' l/

of the block;

return|the sum of the squared values of the coefficients Er\R@/oftheblock

} RN
L O
if (the block is o size (tb,sb,vb,ub) == (1,1,1,1)) hY If the block size is 1x1x1x1 then:
estimafe the rate R to encode the remaining bitsQ?the estimate the rate (R) to erjcode
coefficient, from bitplane down to Minimum%j\s\}R ane; the coefficient

evaluatfle the distortion D, as the squared er@}vbetween the |evaluate the distortion D;
coefficient represented with minimumBi ne precision

and the full precision coefficient; -

J . .
return|J = D + lambda x r 4\ return the Rate-Distortion ¢ost
) xO
= inf]ni ; “V7
Jo inflnity \\S)
J1 = inflnity; @)
if (the thagnitude of any %foicient of the block Ifthemagnitudeofalle]ementsof
is les$ than 1 << bitflgne) { the block are smaller than 2bitplane
lowerSogmentationSt&Jg = ""; The lower segmentation sftring
= is null
JO0 = Optimize decaTree (block, bitplane-1, lambda,
low;,@gmentationstring) ;
\U
else { Subdividesthebtockimatmost 16

non-overlapping sub-blocks t’b,
s’b, v’b and u’b (Figure B.11) by
splitting in half at each dimension
whenever the length at that dimen-
sion is greater than one

t'b = floor (tb/2);
s'b = floor(sb/2);
v'b = floor (vb/2);

u'b = floor (ub/2);
}

nseg t = nseg s = nseg v = nseg u = 1;
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Table B.7 (continued)
if(t'b > 1) nseg t++;
if(s'b > 1) nseg s++;
if(v'b > 1) nseg v++;
if(u'b > 1) nseg u++;

splitSegmentationString =

wow,
’

The split segmentation stringis null

+ lambda x rate to enéj\ flag zeroBlock flag;

Jl = 0;
for(t = 0; t < nseg_t; t++) {
for(s = 0; s < nseqg s; s++) {
for(v = 0; v < nseg v; v++) | n'\
for(u = 0; u < nseg u; ut+) { (]QV
new t = txt'b + (1-t)x(tb-t'b); a"
new s = sxs'b + (l1-s)x(sb-s'b); b"
_— A
new v = vxv'b + (1-v)x(vb-v'b); h\\
new_u = uxu'b + (1-u)x(ub-u'b); C 2
=/ .
get subBlock from block. \Q/ The subBlock size is (new_t, new_s,
O\ new_v, new_u) the position is
R (txt'b,sxs'b,vxv'b,uxu'b)
J1 += s\\"
OptipizeHexadecaTree (subBlock, bitplane, lambda, Q O
splitSegmentationString) ; AO
X
} :§>
} $\\)
<
| R
) A\
g2| = 0; A\‘O
J2| = sum of the squared value\Qof the coefficients of the Energy of the blocK plus the La-
block + grangian multipli¢r times the
rate to encode the zeroBlock flag

(Table B.30).

JO| += lambda x rate@o‘encode the lowerBitPlane flag

The costtoencodethe
Flag (Table B.30).

lowerBitplane

J1| += lambda x Qy‘é to encode the splitBlock flag

The cost to encode {
flag (Table B.30).

he splitBlock

N
ifl(go < J&-§<&~JO < J2) {

Eeq. \{ionstring cat (segmentationString,
ane,

m
53 40)
@NerSegmentationString) ;

lowe

return J0, segmentationString

Returns the Lagrangian cost and
the optimal segmentation string

}

1if(J1 < J0 && J0 < J2) |

segmentationString

cat (segmentationString, splitBlock,

splitSegmentationString) ;

return J1, segmentationString

Returns the Lagrangian cost and
the optimal segmentation string

}

if(J2 < J0 && J2 < J1) |

segmentationString cat (segmentationString, zeroFlag);
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Table B.7 (continued)

return

J2, segmentationString

Returns the Lagrangian cost and
the optimal segmentation string

Table B.8 — 4D block hexadeca-tree encoding procedure

Procedure EncodeHexadecaTree (block, bitplane) {

Encodes the resulting blocks from
the hexadeca-tree structure and

dssoclated I'1ags.

if (bitpl

ne < InferiorBitPlane) return

if(the b

lock is of size (tb,sb,vb,ub) == (1,1,1,1)) {

'
Below the lowest leve}\q/\
\ )

)

Encode

oefficient (block, bitplane);

Defined in M@cé_é’

}

A"

get the g$egmentationFlag at the current position of the N*
segmentati¢nString; P (1/
advance the pointer to the segmentationString by one NS
position; /\\\
S
EncodeBit ( (segmentationFlag>>1) & 01, 33 + 2xbitplane); 5\\ Transmits the segmentatior{Flag
,, O |(TableB.12)
UpdateModlel ( (segmentationFlag>>1) & 01, 33 + ZXbitB‘]@é); Defined in Table B.42
X
N
if ((segméntationFlag>>1l) & 01 == 0){ Q@

Encode}

: . - X
it ((segmentationFlag & 01), 34 Zxoz%géplane) ;

Defined in Table B.12

Updatelflodel (segmentationFlag & 01), 34$?Xbitplane); Defined in Table B.42
) \\‘0
if (segmefptationFlag == zeroBlock) J;\@rl’l,
+ Cy
if (segm¢ntationFlag == loweré‘j;ts\‘;lane) { Lowersthebit-plane
EncodeflexadecaTree (block‘\‘bitplane—l) ;
} >
if (segmontationFlag\%}gplitBlock) {
t'b = floor (tb/HRY
s'b = :loor(i@\;
v'b = floor(wb/2);
u'b = '\S@Tub/b;
nseg t = nseg s = nseg v = nseg u = 1; Number of segments in each 4D
dimension
if(tb > 1) nseg t++;
if(sb > 1) nseg s++;
if(vb > 1) nseg v++;
if(ub > 1) nseg u++;
for(t = 0; t < nseg _t; t++) {
for(s = 0; s < nsg_s; s++) {
for(v = 0; v < nseg v; v++) {
for(u = 0; u < nseg_u; u++) {
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new t = txt'b + (1-t)x(tb-t'b);
new s = sxs'b + (l-s)x(sb-s'b);
new v = vxv'b + (1-v)x(vb-v'b);
new u = uxu'b + (1-u)x(ub-u'b);

get subBlock from block at position
(txt'b,sxs'b,vxv'b,uxu'b)

The subBlock size is

new_s, new_v, new_u) the posi-
tion is (txt'b,sxs'b,yxv'b,uxu'b)

(new._t,

EncodeHexadecaTree (subBlock, bitplane);

O
N4

Table B.9 — 4D block hexadeca-tree P\E&e coefficient
(%

Procpdure EncodeCoefficient (coefficient, bitplane) { O\

&

Uses the arithmetil
encode the coefficien
value of the bit-plan

c encoder to
tbitusingthe
e as context.

Mapnitude = |Coefficient]; ) \\\\
fof (bitplane counter=bitplane ; W\
pitplane counter>=MinimumBitPlane; \"Q
pbitplane counter--) { ,\$

CoefficientBit = (Magnitude >Q‘\ﬁtplane_counter—
MinipumBitPlane) & 01H;

O
FncodeBit (CoefficientBit\gf\t'\lglane_counter) ;

Transmits Coefficie
(Table B.12)

ntBit

.(\\0
©

.

-

if|l (Magnitude > 0)

i £ (Coefficient}@) EncodeBit (0,0) ;

Transmits signal (t
(Table B.12

ransmits '0")

N .
else Er@%‘Bit (1,0);
QO

Transmits signal (t
(Table B.12)

ransmits '1')

i s

&

A

Table B.10 — 4D-block hexadeca-tree encode minimum bit-plane

Procedure EncodeMinimumBitPlane () {

Encodes the 8-bit u

resentation of the maximum num-
ber of bit-planes minus 1.

nsigned rep-

for (bitplane counter=7 ; bitplane counter>=0;
bitplane counter--) {
Bit = (MinimumBitPlane >> bitplane counter) & OLlH;

EncodeBit (Bit, 0) ;

Transmits Bit (Table B.12)
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Table B.10 (continued)

Table B.11 — 4D block optimal bitplane procedure

lambda) {

Procedure EvaluateOptimalbitPlane (MinimumBitPlane, block,

Returns the minimal bit-plane

Jmin

infinity;

MinimumBitPlane

MaximumBitPlane;

AcumulatedRate

0.0;

for (bitp

lane = MaximumBitPlane; bitplane >= 0; bitplane--) {

Distor

Fion 0.0

for all

pixels in block {

Acum
for the cu

latedRate += rate to encode bit at current bitplane
rent pixel;

Dist
current pij

rtion += distortion incurred by encoding the
tel with bitplane precision

J

istortion + lambda x AcumulatedRate;

if(J

<= Jmin)

{

Mif

himumBitPlane = bitplane;

Jm

In = J;

}

return (M

|l nimumBitPlane) ;

Table E}&Z — Encode bit procedure

AN

Procedure 1

incodeBit (inputbit, mﬁéﬁilndex) {

N

bs the
X see

Encodes the bit that compos
codestream (for modellndg
Table B.31)

threshold
acumFr4g

floor (((ta \'ﬁnferiorLimit + 1)
q_l[mode112§§§ )/ (inferiorLimit - superiorLimit + 1))

X

length
acumkrd

N\

(Efé%periorLimit - inferiorLimit + 1)
Q

floor X

bq O [m ndex])/acumFreq_l[modelIndex])

if (input

it t;$53 superiorLimit inferiorLimit + length - 1;
Vi

else i}

inferiorLimit + length;

1@@'{'orLimit

while ((MSB of inferiorLimit == MSB of superiorLimit)
((inferiorLimit >= 4000H)

(superiorLimit < COOOH )) {

and

if (MSB

{

of inferiorLimit == MSB of superiorLimit)

bit

MSB of inferiorLimit;

transmits bit

inferiorLimit = inferiorLimit << 1; Shifts a zero into the LSB
superiorlLimit = superiorLimit << 1; Shifts a zero into the LSB
superiorLimit = superiorLimit+1

while (ScalingsCounter > 0)

{

ScalingsCounter

1;

ScalingsCounter -

transmits

(1-bit)
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Table B.12 (continued)

}

}

if (inferiorLimit >= 4000H) and (superiorLimit < COOOH ) {
inferiorLimit = inferiorLimit << 1; Shifts a zero into the LSB
superiorLimit = superiorLimit << 1; Shifts a zero into the LSB
superiorLimit = superiorLimit+1;
inferiorLimit = inferiorLimit ~ 8000H;
superiorlLimit = superiorLimit ~ 8000H;
ScalingConter = ScalingCounter + 1; n'\

) N

) a"
) X
IA\J

Table B.13 — Init encoder procetﬁiée

O\

Procpdure InitEncoder() { K ~ Initializes the Arithmetic Encoder
infferiorLimit = 0; (.‘\\\ Inferior limit of the imterval length
superiorLimit = FFFFH; /\Q - Superior limit of the ipterval length
SchlingsCounter = 0; Q

) R

%

Table B.{@$— Flush encoder procedure

\
-~
Procpdure FlushEncoder() ({ \O When the encoding if complete, the
N- bits in the buffer mpist be moved
‘\CJ to output codestrdam before a
C) terminating marker|is generated.

mSkpalingsCounter++; \’ .
k‘
if[(inferiorLimit @\4000H)
)
bit = 1; N

elge V"
&
bit =&;_)
tran;@\bit;

whlwcalingsCounter > 0) A

transmits (l-bit);

ScalingsCounter--;

B.3 4D transform mode decoding

B.3.1 General
In this subclause, the decoding procedure of the codestreams for light field data encoded with the 4D

Transform mode is specified. The codestream is signalled as payload of the Contiguous Codestream box
defined in Annex A.3.4. Figure B.12 illustrates the decoder architecture.
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—> Codestream syntax —>
bits

Y |
| o
I [
| A 4 | )
I s
£ i Arithmetic Decoding : g
o S
Z | &
g N:
S 1 bits context bits context : 2
! information information v B

|

i > 4D-block : ficient !

! 4D Block partition tree 4D bit-plane coethicients :

| Partitioning Hexadeca-tree 4D-HCT :

| Decoding Decoding !

| |

| |

| |

AN j

Figure B.12 — 4D transform mode light field decoder architecture
B.3.2 Codgestream syntax
B.3.2.1 Geperal

ment.
rther,
uture

This section
These mark
this subclau

specifies the marker and marker segmerit syntax and semantics defined by this docu
brs and marker segments providegcodestream information for this document. Fu
ke provides a marker and marker segment syntax that is designed to be used in f

specificatior}s that include this document as-d normative reference.

This documpnt does not include a_ definition of conformance. The parameter values of the syntax
described in|this annex are not intended to portray the capabilities required to be compliant.

B.3.2.2 Markers, marker segments, and headers

This document uses markers and marker segments to delimit and signal the characteristics of the

source imag
needed to ad
in Annexes A

e and codestream. This set of markers and marker segments is the minimal inform
hieve the features of this document and is not a file format. A minimal file format is of
| and B

Main header

ation
fered

isscollections of markers and marker segments The main headeris found atthe hngi

hning

of the codestream.

Every marker is two bytes long. The first byte consists of a single 0xFF byte. The second byte denotes
the specific marker and can have any value in the range 0x01 to OxFE. Many of these markers are
already used in ITU-T Rec. T.81 | ISO/IEC 10918-1, ITU-T Rec. T.84 | ISO/IEC 10918-3, ITU-T Rec. T.800
| ISO/IEC 15444-1 and ITU-T Rec. T.801 | ISO/IEC 15444-2 and shall be regarded as reserved unless
specifically used.

A marker segment includes a marker and associated parameters, called marker segment parameters. In
every marker segment the first two bytes after the marker shall be an unsigned value that denotes the
length in bytes of the marker segment parameters (including the two bytes of this length parameter but
not the two bytes of the marker itself). When a marker segment that is not specified in the document
appears in a codestream, the decoder shall use the length parameter to discard the marker segment.
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B.3.2.3 Key to graphical descriptions

Each marker segment is described in terms of its function, usage, and length. The function describes the
information contained in the marker segment. The usage describes the logical location and frequency of
this marker segment in the codestream. The length describes which parameters determine the length
of the marker segment.

These descriptions are followed by a figure that shows the order and relationship of the parameters
in the marker segment. Figure B.13 shows an example of this type of figure. The marker segments are
designated by the three-letter code of the marker associated with the marker segment. The parameter
symbols have capital letter designations followed by the marker's symbol in lower-case letters. A

recta

is prd

that
indic

The f
If pay
in Fig

aglaoicucad toindicata 4 navramatar'c lacation 1n tha marlor cogman
15 reTo o et o atta e o pPatra e e SO catrO it o se S e gee

rhe parameter is of varying size. Two parameters with superscripts and a grey’a
hte a run of several of these parameters.

8-bit parameter

16-bit marker 32-bit parameter Run of n par

4

portional to the number of bytes of the parameter. A shaded rectangle (diagonal strip

+—The-width-efthe rectangle

es) indicates
rea between

hmeters

"

|
)

Cmay " Dmar’/

N

SLmar

Amar

MAR Lmar Bmar Emar!

Emar®

Variable size parameter

Figure B.13 — Example of the marker segment description figures

igure is followed by a list that describesthe meaning of each parameter in the mar
ameters are repeated, the length and\nature of the run of parameters is defined. As
ure B.13, the first rectangle represents the marker with the symbol MAR. The seco

repre
lengt
respq

After]
other

parameter without a sinmiple numerical value. In some cases, these parameters are descr

value
thep

sents the size of the length paraimeter SLmar (Table B.15). The third rectangle re
h parameter Lmar. Parameters Amar, Bmar, Cmar, and Dmar are 8-, 16-, 32-bit and va
ctively. The notation Emariimplies that there are n different parameters, Emari, in a

the list is a table that either describes the allowed parameter values or provides 1
tables that describé\these values. Tables for individual parameters are provided to

n_mn

in a bit field. In this case, an "X" is used to denote bits that are not included in the sp
hrameter orsub-parameter in the corresponding row of the table.

Table B.15 — Size parameters for the SLIfc, SLscc and SLpnt

Value (bits)

Parameter size

ker segment.
an example,
nd rectangle
presents the
riable length
Fow.

eferences to
describe any
bed by a bit
pcification of

B.3.2

M>b LSb
xxxx xx00 Length parameter is 16 bits.
xxxX xx01 Length parameter is 32 bits.
xxxx xx10 Length parameter is 64 bits.

All other values reserved

4 Defined marker segments

Table

B.16 lists the markers specified in this document.
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Table B.16 — List of defined marker segments

Symbol Code Main Header 4D Block Header
Start of codestream SOC 0xFFAOQ Required Not allowed
Light field Configuration LFC 0xFFA1 Required Not allowed
Colour component scaling SCC 0xFFA2 Optional Optional
Codestream pointer set PNT 0xFFA3 Optional Not allowed
Start of block SOB 0xFFA4 Not allowed Required
End of codestream EOC 0xFFD9 Not allowed Not allowed

B.3.2.5 Copstruction of the codestream

Figure B.14 |shows the construction of the codestream. All of the solid lines show. required mparker
segments. The following markers and marker segments are required to be in a specific location{ SOC,
LFC, PNT, SOB and EOC. The dashed lines show optional or possibly not required-marker segments.
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SOC
LFC
- 4 SCC, colour component 0 ‘
Main header
- 4 SCC, colour component NC-1 ‘
g 1 PNT
SOB
Bitstream Block 0, colour component 0
4D Block 0
SOB
Bitstream Block 0, colour c9n®1ent NC |
SOB
Bitstream B&’& i\l-l, colour component 0
4D Block N-1
SOB
|}Bitstream Block N-1, colour component NC
End of
Codestream EOC
Figure B.14 — Codestream structure

B.3.2.6 Delimiting markers and marker segments

B.3.2.6.1 General

The delimiting marker and marker segments shall be present in all codestreams conforming to this
document. Each codestream has only one SOC marker, one EOC marker, and contains at least one 4D
block. Each 4D block has one SOB and one EOB marker. The SOC, SOB, and EOC are delimiting markers,
not marker segments, and have no explicit length information or other parameters.

B.3.2.6.2 Start of codestream (SOC)

Function: Marks the beginning of a codestream specified in this document (Table B.17).
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Usage: Main header. This is the first marker in the codestream. There shall be only one SOC per

codestream.

Length: Fixed.

SocC

marker code

Table B.17 — Start of codestream parameter values

Field name Size (bits) Value

SOC (Start of Codestream) 16 0xFFAQ

B.3.2.6.3 llight field configuration (LFC)

Function: P
the subaper
component |
coefficients

— Llfc: Th

— ROWS (r): The value of this parameter indicates the number of sows of the subaperture view

This fiel

— COLUM
view art

— HEIGHT| (V): The value of this parameter indicatesthe height of the sample grid. This field is s

as a 4-by

— WIDTH
as a 4-by

— NC: This
big-endji
Light Fi

— Ssizi: T
(i.e. the
If the d
-2(SsizH
occurre

rovides information about the uncompressed light field such as the {yidth and heig

it depth, number of 4D blocks and size of the 4D blocks, component,bit depth for tranj
[Figure B.15):

e value of this parameter is determined as Lifc=40+2-NC .

d is stored as a 4-byte big-endian unsigned integer.

NS (S): The value of this parameter indicates.the number of columns of the subape
ay. This field is stored as a 4-byte big-endian unsigned integer.

te big-endian unsigned integer.

(U): The value of this parameterindicates the width of the sample grid. This field is s
te big-endian unsigned integer

parameter specifies the nimber of components in the codestream and is stored as a 2
an unsigned integer. The value of this field shall be equal to the value of the NC field

precisiomof* the original component samples before any processing is perfor
omponenty'sample values are signed, then the range of component sample valy
1 AND-0x7F)-1 < component sample value < 2(Ssiz+1 AND 0x7F)-1 - 1. There i

rht of

fure views, number of subaperture views in rows and columns, number of componments,

form

Array.

rture

tored

tored

-byte
n the

bld Header box. If ne.Channel Definition Box is available, the order of the componen(ts for
colour i;[lages is R-G-B-Aux or Y-U-V-Aux.

e precision is.the precision of the component samples before DC level shifting is performed

med).
es is
5 one

starting

with zero.

ce of this parameter for each component. The order corresponds to the component's i|ndex,

— TRNC: If unset (TRNC=0), all 4D blocks will have initially the same fixed-sizes and a padding

procedu

re is applied.

Usage: Main header. There shall be one and only one in the main header immediately after the SOC
marker segment. There shall be only one LFC per codestream.

Length: Fixed.
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max_bitplaneN¢-1

LFC Z Llfc ROWS COLUMNS HEIGHT WIDTH NC |:
Ssiz®  SsizNC1
2
N_4D BLOCK-SIZE_t | BLOCK-SIZE_s | BLOCK-SIZE_v | BLOCK-SIZE_u =
max_bitplane®

Key
LFC marker code
SLIfc size of Llfc parameter
Llfc length of marker segment in bytes (not including the marker)
ROWS (T) number of rows of the subaperture view array
COLUMNS (S) number of columns of the subaperture view array
HEIGHT (V) subaperture view height
WIDTH (U) subaperture view width
NC number of (colour) components
Ssizi precision (depth) in bits and sign of the ith component samples
N_4D number of 4D blocks in which the light field is segmented

BLOCK-SIZE_t
BLOCK-SIZE_s
BLOCK-SIZE_v
BLOCK-SIZE_u
max_
TRN(

bitplanel

LFC
SLifc

size of the 4D block in the t direction - number of kows of the view array

size of the 4D block in the s direction - numbef,of columns of the view array

size of the 4D block in the v direction - height/of the views
size of the 4D block in the u direction -width of the views

precision (depth) in bits of the ith component for the transform coefficients

flag indicating that 4D blocks with-dimensions spanning the full available light fie|d dimensions
have their sizes truncated to fit\in'the light field dimensions

marker code

size of Llfc parameter,

Figure B.15 — Light field configuration syntax

Table B.18 — Format of the contents of configuration parameter set for the 4D ¢oding

Eield name Size (bits) Value
LFC 16 0xFFA1
SLlfc 8 0
Llfc 16 42 to 32808

ROWS 32 o232
COLUMNS 32 1to (232-1)
HEIGHT 32 1to (232-1)
WIDTH 32 1to (232-1)
NC 16 1to 16 384

Ssizl 8 See Table B.19
N_4D 32 1to (232-1)
BLOCK-SIZE _t 32 1to (232-1)
BLOCK-SIZE _s 32 1to (232-1)
BLOCK-SIZE v 32 1to (232-1)
BLOCK-SIZE _u 32 1to (232-1)
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Table B.18 (continued)

Field name Size (bits) Value
max_bitplane! 8 Number less than or equal to
(Ssiz! AND 0x7F)+log, (BLOCK-SIZE_t)+log,
(BLOCK-SIZE_s) +log, (BLOCK-SIZE_ _v)+log,
(BLOCK-SIZE _u)
TRNC 8 Oor1l
All other values reserved for ISO/IEC use
Table B.19 — Component Ssiz parameter
Value (bits) .
Component sample precision
MSB LSB
x000 0000 Component sample bit depth = value + 1. From 1 bit deep to 38'bits deep
to k010 0101 respectively (counting the sign bit, if appropriate).
OKXX XXXX Component sample values are unsigned values.
IKXX XXXX Component sample values are signed values.
All other values reserved for ISO/IEC use.
B.3.2.6.4 (olour component scaling (SCC)

Function: D
segment is 1
colour comp

pscribes the global scaling factor used for a.colour component (Table B.20). If this m
ot signalled for a specific colour component, the value of the global scaling factor fo
pnent shall be 1.

header. No more than one per any.given component may be present. Optional.
able depending on the numberof colour components.

ker code

e B.20 shows the size.and values of the symbol and parameters for the quantization co

marker segment,
bf Lscc parameter

h of marker segment in bytes (not including the marker)
=6 forrNC < 257; Lscc = 8 for NC = 257

arker

Ir this

mpo-

k af'the compaonent to which this marker segment relates

The components are indexed 0, 1, 2, etc. (either 8 or 16 bits depending on NC value defined in the
LFC marker segment).

Usage: Main
Length: Var
SCC mar}
Tabl
nent
SLscc size
Lscc leng
Lscc
Cscc inde
Spscc
56

Scaling factor used for the colour component Cscc (see Table B.21)

Spscc = 2Exponent=16  Mantissa
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Table B.20 — Colour component scale parameter values

Field name Size (bits) Value
ScC 16 0xFFA2
SLscc 8 0
Lscc 16 6o0r8
Cscc 8 0to 255; if NC < 257
16 0 to 16383; if NC = 257
Spscc 16 Table B.21

B.3.26.5 Codestream pointer set (PNT)

Function: Provides pointers to the codestream’associated each 4D block to facilitate eff

Table B.21 — Quantization values for the Spscc parameter

Value (bits)

Scaling factor values

MSB LSB
xxxx x000 0000 0000 mantissa of scaling factor value
to
xxxxx111 1111 1111
0000 0xXxxX XXXX XXXX exponent of scaling factor yalue
to

1111 1XXX XXXX XXXX

(Tablk B.22).

Usagp: Optional. If present, must be included in the main header between the LFC map

and t

icient access

ker segment

he first SOB marker segment _defined in this document. Only one PNT marker segment shall be

embddded in the main header (Figure B.16).
Lenggh: Variable.
ST T =
PNT | | Lpnt Lpnt v
~/Ppnt®0 // ~/Ppnt®? PpntN-4D-1N

Key
PNT  marKer code
SLpnt size of Lpnt parameter
Lpnt length of marker segment in bytes (not including the marker)
Spnt  size of the PPnt parameter
PPnt'¢ pointer to codestream of 4D block n and colour component ¢
NOTE1 The value of the Lpnt parameter is determined as follows:

Lpnt={

9+4-N 4D Spnt=0
9+8-N_4D Spnt=1

where N_4D is defined in the LFC marker segment.
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NOTE2 The PPnti< pointer indicates the position of the addressed 4D block codestream - its SOB marker - in
the Contiguous Codestream box counting from the beginning of this box, i.e. the LBox field.

Figure B.16 — Codestream pointer set syntax

Table B.22 — Format of the contents of the codestream pointer set for the 4D coding

Field name Size (bits) Value
PNT 16 0xFFA3
Slnnt Q 2
13
Lpnt 64 13to 9+8:(232-1)
Spnt 8 Table B.23
PPnt! 32if Spnt=0 1to (232-1)
64 if Spnt =1 1to (264-1)

Table B.23 — Size parameters for Spnt

Value (bits) )
Parameter size
MSB LSB
xxxx xxx0 PPnt parameters are 32bits.
XxxX xxx1 PPnt parameter are 64bits.
All other values r€served.

B.3.2.6.6 Start of block (SOB)

Function: Marks the beginning of a 4D block (Table B.24).

Usage: Every 4D block header. Shall be thefirst marker segment in a 4D Block header. There shall be at
least one SOB in a codestream. There shall be only one SOB per 4D block.

Length: Fix¢d.

SOB marker ¢ode

Table B.24 — Format of the contents of the start of block

Field name Size (bits) Value
SOB 8 0xFFA4

B.3.2.6.7 End of codestream (EOC)

Function: Indicates the end of the codestream (Table B.25).

NOTE1 This marker shares the same code as the EOl marker in ITU-T Rec. T.81 | ISO/IEC 10918-1 and the EOC
marker in ITU-T Rec. T.800 | ISO/IEC 15444-1.

Usage: Shall be the last marker in a codestream. There shall be one EOC per codestream.

NOTE 2 Inthecaseafile hasbeen corrupted, itis possible that a decoder could extract much useful compressed
image data without encountering an EOC marker.

58 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=c34dc0105e000069207446771c4d6610

ISO/IEC 21794-2:2021(E)

Length: Fixed.

EOC marker code

Table B.25 — Format of the contents of end of codestream

Field name Size (bits) Value

EOC 8 0xFFDO9

B.3.3 Codestream parsing

The grocedure to parse and decode a light field codestream as contained by the Contiguous|Codestream
box (Annex A.3.4), with dimensions (max_t, max_s, max_v, max_u) defined as ROW, COLUMN, HEIGHT
and WIDTH in Figure B.15 (Table B.18), with block dimensions (t;, s, v}, u,) defined as BLOCK-SIZE t,
BLO(K-SIZE_s, BLOCK-SIZE _v and BLOCK-SIZE _u in Figure B.15 (Table B.18}) with a maxiium number
of bitjplanes of max_bitplane (defined in Figure B.15 (Table B.18)), is desoribed in the psefido-code (all

variaples are integers). The scan order is in the order t, s, v, u, as described in Table B.26.

The toordinate set (¢, s, v, u) refers to the left, superior corner*of the 4D block. The procedure
“ResgtArithmeticDecoder()” resets all the context model probabilities of the arithmetic ¢lecoder. The
procgdure “LocateContiguousCodestream” reads the pointer“corresponding to position| (t,s,v,u) and
delivers the respective codestream to procedure “DecodeContiguous Codestream()”. THe procedure
“DecgdeContiguousCodestream()” decodes the components of the block contained in the| codestream
enabling the sequential decoding of light field. The ‘¢odestreams of the components pre decoded

sequé¢ntially.

Table B.26 — JPEG Pleno (JPL) codestream structure (4D transform mode)

Defined syntax

Simplified structure

LighField () {

SO marker ()

LFL marker ()

Repd all SCC marker ()

PNl marker ()

Codestredm_Header()

fofr (t=0; t<T; t+=BBOCK-SIZE t ){// scan order on t

for (s=0; s<S;\sh= BLOCK-SIZE s){ // scan order on s

for (v=0,4W<V; v+= BLOCK-SIZE v){ // scan order on v

for(t=0; u<U; ut= BLOCK-SIZE u){ // scan order on u

for (c=0; c<NC-1; c++){ // scan order on colour components

// Initializes the arithmetic decoder for each decoded 4D
block “\¢édestream

Codestregm_Body()

ResetArithmeticDecoder () ;

// Finds the corresponding 4D block codestream for the
desired position on the light field

LocateContiguousCodestream (t, s, v, u);

SOB marker ()

// Decodes contiguous 4D block codestream found by the
previous procedure

if ( (TRNC) && ((T - BLOCK-SIZE t) < t < T) ) {
tk = T umod BLOCK-SIZE t; }
else tk = BLOCK-SIZE t;
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Table B.26 (continued)

if ( (TRNC) && ((S - BLOCK-SIZE s) < s < S) ) {
sk = S umod BLOCK-SIZE s; }
else sk = BLOCK-SIZE s;
if ( (TRNC) && ((V - BLOCK-SIZE v) < v < V) ) {
vk = V umod BLOCK-SIZE v; }
else vk = BLOCK-SIZE v;

if ( (TRNC) && ((U - BLOCK—SIZE_u) <u < 70U ) {
uk = U umod BLOCK-SIZE u; }
1 Ll — DRDTACK_CT7L 12

LF.BlockAtPosition(t, s, v, u) =

DecodeContiguousCodestream(tk, sk, vk, uk);

// end of scan order on colour components loop

} / end of scan order on u loop

} //|end of scan order on v loop

} // epd of scan order on s loop

} // end|of scan order on t loop

EOC marker () Codestream_End()

B.3.4 4D partitioning general structure

B.3.4.1 Geperal

The datasetq (the all texture views in Figure B.1) are.gomposed by 4D light fields of dimensions txgxvxu.
The views are addressed by the s,t coordinates pair, while the u,v pair addresses a pixel within edch s,t
view, as pictpired in Figure B.6.

B.3.4.2 Partition tree decoding

The root node of the tree correspondsto a full txsxvxu transform. The partition tree is represented by
a series of ternary flags:

— A spatjalSplit flag indicates that a ¢, xs;xv;xu, block is segmented into a set of four sub-blocks
{spatiglSubblockQ, spatialSubblock1, spatialSubblock2 and spatialSubblock3}, of dimenjsions
txsix i/ 2] < Lugl2d, texsix (vie= vy /24 )% Lug /2, txsyx vy / 20 % (uy— L /21 ) and txspx (vy = Lvy /2] )% (uy,
- lu,/41) respectively, where D/2 indicates the largest integer smallest than or equal to |D/2.
Figure|B.7,Figure B.8 and Figure B.17 illustrate the results when applying the spatialSplit flag;

J— A VIeW nhf‘ﬂag lh{"ll‘ﬁfDC fhaf at chyU yrlkh]nt‘lz 1S conmnnfnr‘ lnfn aset nFFnl H-SU- ll’\ l‘\]nrlzc {vlnurQI 14 OCkO

viewSubblock1, viewSubblock2 and v1eWSubb10ck3} of dimensions Lt,/2|x s, /2] xv;xuy, (¢~ Lt-
W/ 21)% s/ 2] xvixuy, Lt /20 (8= Ls/ 21 )xvixuy and txsx(vy = Lvi/21 )% (U = Lug/21), and. (- Lt
W/ 21)% (s~ s/ 21 )xvyxu, . Figure B.9, Figure B.10 and Figure B.18 illustrate the results when applying
the viewSplit flag;

—  The partition tree has its leaf nodes marked by a transform flag. Each sub-block that is not a leaf
is recursively decoded in this fashion, from sub-block 0 to 3 of the sub-block set, and the decoded
flags of the sub-trees of each sub-block are concatenated in this order.

NOTE The transform flag signals that the node is a leaf node and will be no further partitioned.

— Figure B.11 shows six nodes marked by a transform flag, two nodes split (segmented) accordingly
the spatialSplit and the viewSplit flags, and the 9th node, ( Lt;/2 x(s;- Ls; /21 )x v, /2] x Luy /21, which
can be further segmented using either the spatialSplit flag or the viewSplit flag.
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Figure B.17 depicts the result of a 4D block with dimensions of 9x9x434x625 (txsxv,xu,)
partitioned, using the spatialSplit flag, into a sub-block with dimensions of 9x9x217x312, in grey,
(tpxspx (v = Ly, /21)% Luy/2]). Please note that, in Figure B.17 the partitioned v and u dimensions are:

217 =

434 -1434/2] (v, -lv, /2])and 312 =1625/2] (lu,/2]).

Figure B.18 depicts the result of a 4D block with dimensions of 9x9x434x625 (t;,xs;xv;xu,) partitioned,
using the viewSplit flag, into a sub-block with dimensions of 5x4x434x625, in grey,
((te= Lt,/2) )% s, /2] xvixu,). Please note that, the partitioned ¢t and s dimensions are: 5=9-[9/2]
(ty— Lty /21)and 4 =19/2] (Ls,/2]).

Fig

Luk/'AJI—JLL
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(Vk-lvk/ZJ] =217¢ !:::: !:::: !:::: !_'_'_': !:::: !:::: !:::: !:Z‘i:’( ____]

T W N WO l/\ a1

L S e N P L LNy P

!:::: !:::: !:::: !:::: !:::: !:::: E_;:!/:: !:::: !:::

RS
ure B.17 — Example @XD block with dimensions ¢, xs,x(v, - L v} /2 1)x [ u;/2 |
superimposed to a 4D block with dimensions t;xs; xv; xu;

OO

O
3
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Figure B|18 — Example of a 4D block with dimensions-{¢;-| t,/2 ]1)x| s,/2 ] xv,xu, (in grey)
superimposed on a 4D block with dinmiensions &, xs;xv;xu,

B.3.4.3 Coptiguous codestream of a 4D-block
For a contigphious codestream of a 4D-block with size tkxskxvkxuk, a 4D-block partitioning decpding

procedure isperformed (DecodeContiguousCodestream), that uses the recursive procedure “Proc¢dure
DecodePartitionStep”, both defined in Table'B.27 and Table B.28.

Table B.27 —(Decode contiguous codestream procedure

Procedure DPecodeContiguousCodestream(tk, sk, vk, uk) { Decodes a 4D block of siZe (tk,
sk, vk, uk)
ReadMinihumBitPlape? Reads an 8 bits intege1f that

represents the lower bitplane
of transform coefficient, as
defined in Table B.34

Block=De¢odePartitionStep(0,0,0,0,tk, sk, vk,uk); Defined in Table B.29
Return Block;
}
Table B.28 — 4D-DCT block coefficient component inverse scaling
Procedure InverseScaleBlock (block) { Inverse scaling of the 4D-DCT

coefficients components by
Spsccof colour ¢ (see B.3.2.6.3)

for(ti = 0; ti<tk; ++ti) {

for(si = 0; si< sk; ++si) {
for(vi = 0; vi< vk; ++vi) {
for(ui = 0; ui< uk; ++ui) {
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block[ti] [si][vi][ui] = block[ti][si][vi] [uil] /
Spscclcl;

}

Table B.29 — Decode partition step procedure

Prochdure DecodePartitionStep (tpp, spp, vpp, upp, tk, sk,
vk, k) {

Recursively de de:
la

and the parti fon

uous codqq m

the 4D block
ps of a contig-

W

RepdPartitionTreeFlag;

Re \@ag from arith|

metic decoder

ined in Table B|37

if|l (flag == transform) {

eached the Leaf Node (Transform
flag; Figure B.11, Table B.30)

Block=DecodeBlock (max_bitplane);

Recursively decode

efficients (Table B.4{3)

5 the DCT co-

[nverseScaleBlock (Block) ; 6\ i Inverse scaling of the 4D-DCT co-
{( efficients components by Spscc
RS (see B.3.2.6.3)
Blockdecoded=4D-IDCT (Block) ; \\\( Performs the inverge DCT of the
g\Q decoded coefficients|(Annex B.3.7)
return Blockdecoded; \A‘Q) )
) O

If|] (flag == spatialSplit) {

©

Figure B.7, Figure B.B, Figure B.17

and Table B.30

nt new tp, new sp, new_vpxsaew_up, new tk, new sk,

new_vk, new_uk; ., ]

hew tp =

tpp; (J\\

hew sp = spp; a

hew vp = Vpp; (®\

hew up = upp; C)\J

.

hew tk = t

hew sk 7\%12';‘

hew V. ~Floor (vk/2);

hey (up" = floor (uk/2);

Déé(de]?artitionstep(new_tp, new sSp, New vp, new up,

new_ tk, new sk, new vk, new uk);

new up = upp +floor (uk/2);

new_uk = uk - floor (uk/2);

DecodePartitionStep (new tp, new sp, new vp, new up,

new tk, new sk, new vk, new uk);

new vp = vpp +floor(vk/2);

new vk = vk - floor(vk/2);

DecodePartitionStep (new tp, new sp, new vp, new up,

new_ tk, new sk, new vk, new uk);

new_up = upp ;

floor (uk/2);

new uk =
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Table B.29 (continued)

DecodePartitionStep (new tp, new sp, new vp, new up,

new tk, new sk, new vk, new uk);

b

if (flag == viewSplit) { Figure B.9, Figure B.10, Figure B.18
and Table B.30

Int new tp, new sp, new vp, new up, new_ tk, new sk,

new vk, new uk;

new tp =_tfpp:
new sp|= spp; n'\
new vp|= vpp; AQV
new_up|= upp; q’ ,V
new tk|= floor (tk/2); WY
new_sk|= floor (sk/2); N )
new vk|= vk; q"\
new_uk = uk; /C) v
DecodePartitionStep (new tp, new sp, new vp, new up, \Q</

new tk, new sk, new vk, new uk); ,.O
new _sp|= spp + floor(sk/2); c\-
new_sk|= sk - floor(sk/2); P O\
DecodePartitionStep (new tp, new sp, new vp, new_u%\(

new tk, new sk, new vk, new uk); . Q
new_tp|= tpp + floor (vk/2); (\\\\

new tk|= tk - floor(tk/2);

DecodePartitionStep (new tp, new sp, newi@%ewiup,
new_tk, new_sk, new vk, new_uk); A$

new_sp|= spp ; \‘\\U

new_sk|= floor (sk/2); XO

DecodePartitionStep (new tp, ne 1:?, new_vp, new_up,
new tk, new sk, new vk, nPbSu ) ;
\J

) i
) RN
)

T &)B.BO — Lists of partition flags representations

C)Q~ Partition Flag Representation
C)é transform 0
\Q/ spatialSplit 1
VIEWSpIIT 2

B.3.5 Arithmetic decoding procedure

B.3.5.1 General

Figure B.19 shows a simple block diagram of a binary adaptive arithmetic decoder. The compressed
light field data cd and a context cx from the decoder's model unit (not shown) are input to the arithmetic
decoder. The arithmetic decoder's output is the decision d. The encoder and decoder model units need to
supply exactly the same context cx for each given decision. The decoding process should be initialized.
The contexts (cx) and bytes of compressed light field data (as needed) are read and passed on to the
decoder until all contexts have been read. The decoding process computes the binary decision d and
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returns a value of either 0 or 1. The estimation procedures for the probability models, which provide
adaptive estimates of the probability for each context are part of the decoding process.

cd
Arith d
it i
rithmetic
cX Decoder
—P

Figure B.19 — Arithmetic decoder inputs and output

B.3.5|2 Probability models

The ¢ontexts of the arithmetic coder are defined in Table B.31. When the adaptive flag is Off the
probability model is fixed.

Table B.31 — Arithmetic coder contexts

Symbol Context range Adaptive Flag
DCT coefficient sign 0 Off
DCT coefficients bits 1-32 On
Hexadecatree flags 33-98 On
Partition flags 0 Off

B.3.513 Procedures to read symbols

Each/call to the arithmetic decoder to read a variable is performed according to the following syntax:

sfymbol=read (Context, AdaptiwveFlag);

Each|call to read a symbol from stream, may update arithmetic decoder models if the adaptive flag is
On. The procedure read{Context, AdaptiveFlag) is defined in Table B.32 and the variable Context is
definpd in Table B.31-

Table B.32 — Read bit using arithmetic decoder procedure

ProcpdurecRead (Context, AdaptiveFlag) { Context defined in|Table B.31
Bifk #PDecodeBit (Context) ; Defined in Table B41
If /\7\«-1—\p+—-: ind| —\g e f\n) {

If Bit == 0 {
UpdateModel (0, Context); Defined in Table B.42
}
Else {
UpdateModel (1, Context) ; Defined in Table B.42
}
}
return Bit;
}
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Table B.33 — Read magnitude procedure

Procedure ReadMagnitude (bitplane, MinimumBitPlane) Reads the magnitude of a DCT
coefficient

Magnitude = 0;

for (bitplane counter=bitplane ; bitplane MinimumBitPlane denotes the
counter>=MinimumBitPlane; lowest bit-plane used for encoding?
bitplane counter--) {

Magnitude = Magnitude << 1;

CoefficientBit =Read(bitplane counter + 1, On); Decodes a coefficient bit
Magnitude += CoefficientBit:
} aN
Magnitud¢ = Magnitude << MinimumBitPlane; AGV
if (Magnjtude > 0) { ﬂ"ol/
Magnitfde += (1 << MinimumBitPlane)/2; AB"V
) AD
return Magnitude; ﬂ',\‘

v
} O

a [tsvalue igencoded as an 8-bit unsigned integer and should be less than or eqﬁ the variable max_bif

plane defined in Figure B.15. It must be read just before a DecodePartitionSteg procedure, using the proceflure
“ReadMinim@imBitPlane”, defined in Table B.34.

\\
o

N

Table B.34 — Read minimum b&ﬁane procedure

Procedure ReadMinimumBitPlane () { ‘\\) MinimumBitPlane denotef the
X\Q) lowest bit-plane used for encpding

— — N
MinimumB}tPlane = O; o\

for (counter=0 ; counter<8; counter++){:\@‘
b
1;

MinimupBitPlane = MinimumBitPlane r<\2*\

X O . .
Bit =R¢ad (0, Off); \L\' Defined in Table B.32
MinimuphBitPlane += Bit; F&\CJ\

return MlnimumBitPlane; ‘\\ :
) ~O°
If a DCT coefficient is dl@rent from zero its sign must be read from the stream with the procediire in
Table B.35.

O
‘ (/g)é Table B.35 — Read sign procedure

Procedure ReadSign(){ Reads DCTeoeff

clentsieni # 0
€reRtSigh-+

sign = read(0, Off)

return sign

}

Every ternary hexadecatree flag shall be read using the procedure in Table B.36:
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Table B.36 — Read hexadeca-tree flag procedure

Procedure ReadHexadecatreeFlag(bitplane) {

Reads ternary hexadecatree flag:
— lowerBitPlane

— splitBlock

— zeroBlock

(Table B.44)

bitl = read(33 + 2xbitplane, On);

if(bitl == 0)

bit0 = read(34 + 2xbitplane, On);

flag = bit0+2xbitl;

reffurn flag;

}

Every ternary partition flag must be read using the procedure in Table B.37.

Table B.37 — Read partition tree flag procedure

Procpdure ReadPartitionTreeFlag() {

Reads ternary partifion flag:
— spatialSplit;
— viewSplit;
— transform
(Table B.30)

flpg = read (0, Off);

ifj(flag ==1) {

bit = read (0, Off);

i f (bit == 1)

flag++

refurn flag

B.3.5l14 Arithmetic decodér procedures and definitions

The qrithmetic decoderemploys probabilistic models to decode symbols from the codestrgam.

Definjitions and procedures to reset the arithmetic decoder, to update probabilistic modgls and read

information fronxthe stream are detailed in this section.

The procedures use two vectors (acumFreq_0 and acumFreq_1), defined with length MAKX_NUMBER_

OF_

At initialization the decoder limits are set and first bits are read from the stream as specified in the

procedure in Table B.38.

Table B.38 — Initialize decoder procedure

Procedure InitDecoder () {

Arithmetic decoder initialization

inferiorLimit = 0;

superiorLimit = FFFFH1;

t = Readl6bitsFromStream/() ;

tag = 0;}

for (n=0; n<l16; n++) {

Reads 16 bits From Stream
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Table B.38 (continued)

tag = tag << 1;
bit = ReadlBitFromStream() ; Reads one byte at a time, LSB first
tag = tag + bit Append bits to tag

}

A probabilistic model is initialized executing the procedure in Table B.39.

Table B.39 — Initialize probabilistic model procedure

Procedure InitProbabilisticModel (modelIndex) Probabilistic model initializatiop\q'/\
acumFreq|0[modelIndex] = 1; ﬂy'
acumFreq|1[modelIndex] = 2; . -

}

The arithmetic decoder is reset, for every model, by calling the “InitDecoder”
he “InitProbabilistModel” (Table B.39 and Table B.40).

followed by

Table B.40 — Reset arithmetic decoder pr()d@ re

IA\ -~
p‘llé\cedure (Table B.38),

\<</Q

Procedure ResetArithmeticDecoder () N7
InitDecodler () ; < lDefined in Table B.38
for (coupter=0; counter<99;counter++) AO\
InitPrpbabilisticModel (counter) ; \\\<
) N

The procedure to decode a bit from the stream is de@*elbed in Table B.41.

Table B.41 Q‘&code bit procedure

§&‘6rlelt - inferiorLimit + 1)

acumFre¢q 0 [mod@~ ex])/acumFreq 1[modellIndex]);

bit = DecodleBit (modelIndex) { R\ Decodes a bit form the codef
. (\}‘ stream (modellndex defined in
(-}\ Table B.31)
threshold = floor(((tag - nferiorLimit + 1) x
acumFreq l[modelInde &/( superiorLimit -
inferiorLippit + 1)
length =|floor (((s X

O°

if (thresholds<nacumFreq O[modellIndex]) {
bitDec d\@\: ;
superi Tt = TNTeTioTLimiT Tength-1;
}
else {

bitDecoded = 1;

inferiorLimit = inferiorLimit + length;

}

while ((MSB of inferiorLimit == MSB of superiorLimit)

((inferiorLimit >= 4000H) and

(superiorLimit < COOOH ))) {

1f (MSB of inferiorLimit MSB of superiorLimit) {

inferiorLimit = inferiorLimit << 1; Shifts a zero into the LSB
superiorLimit = superiorLimit << 1; Shifts a zero into the LSB
superiorLimit = superiorLimit+1

68
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Table B.41 (continued)
tag = tag << 1; Shifts a zero into the LSB
bit = ReadlbitFromStream() ; Reads one byte ata time, LSB first
tag += bit;
inferiorLimit = inferiorLimit & FFFFH;
superiorLimit = superiorLimit & FFFFH;
t = t & FFFFH;

}

if((inferiorLimit >= 4000H) && (superiorLimit < COOOH )) {
TIETIorLImMiT = INIeriorLimiT I bnntsazer01nto£neLSB
superiorLimit = superiorLimit << 1; Shifts a zero ip\fq')he LSB
superiorLimit = superiorLimit+1l; .q/\')
tag = tag<< 1; //Shifts a zero into the LSB Shifts a'\zéllo’into the LSB
bit = ReadlbitFromStream() ; Ag\/‘
tag+= bit; r\'\\
inferiorLimit = inferiorLimit ~ 8000H; (-: v
superiorLimit = superiorLimit ~ 8000H; ‘\Q/\'l
tag = tag ~ 8000H; n\\v
inferiorLimit = inferiorLimit & FFFFH; \%v
superiorLimit = superiorLimit & FFFFH; (s\\‘
tag = tag & FFFFH; AQ -

) OV

‘\\\

in|

feriorLimit $\\)‘

inferiorLimit & FFFFH;

su

ta

periorLimit superiorLimit & FFFFI;L(\Q)
ol tag & FFFFH; Q\"

re

}

Furn bitDecoded; ‘\\Q‘
S

The p

oY
Nk

rocedure to update the sta@tic model is described in Table B.42.
N

+. Table B.42 — Update model procedure
QN

Proc

pdure UpdateMoc@Eit, modelIndex) {

@’
N
N

Probabilistic model
date (modellndex d
Table B.31)

up-
bfined in

if

(bit ==-4X 1

acumFﬁ&_JO [modelIndex]++;

acgg@%q_l [modelIndex]++;

}

\V

el

se {

acumFreq_l [modelIndex]++;

}

if

(acumFreq 1[modelIndex] 4095) {

acumFreq 1[modelIndex]

acumFreq 1[modelIndex]/2;

acumFreq O[modelIndex]

acumFreq 0[modelIndex] /2;

if (acumFreq O[modelIndex] == 0) {

acumFreq 0O[modelIndex]++;

acumFreq_l [modelIndex]++;
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B.3.6 4D bit-plane hexadeca-tree decoding

The MinimumBitPlane value indicates the minimum depth that the hexadeca-tree decoder will descend
for the current block.

For each Block SB_K, of size t;xs;xv;xu,, corresponding to the leaves of the partition tree, a hexadeca-
tree decoding procedure is performed. It is described by the following recursive procedure:

Table B.43 — Decode block procedure

SB = Decod¢Block (bitPlane) { Decodes the 4D block Im
the hexadeca-tree(s‘@ ure
if (bitPlane < MinimumBitPlane) { a’ .l/
return|SB = zero Returns B]ofc\l&/y
) A2
if (SB i§ of size 1xlxlxl)({ Y
M = RegdMagnitude (bitplane, MinimumBitPlane) ; Re @a%itplane-MinimumBit-
precision positive irjte-
(‘*§l\z from input (Table B|33)
if (M} 0){ Rl
Read$ign; ) N Reads a sign bit (Table B.35)
if (sfgn bit == 1) M = -M PJR%
} Y%
return|SB = M i \\ N
) R\
ReadHexaflecatreeFlag (bitplane) ; \\'Q Reads hexadeca-tree flag
N (Table B.36)
if (flag|== “zeroBlock”) return SB = z%@‘
if (flag|== “lowerBitPlane”) { .,(\\‘
SB = DgcodeBlock (bitPlane-1) .y ~
return|SB ’_\\()‘
} LI
if (flag|== “splitBlock”){\ °
t'b = floor(tb/2); ,.O\ tb,sb,vb,ub are the dimendions
s'b = :loor(sb/Z);“V of the original Block (SB)
v'b = :loor(vb/& N
u'b = :loor(li@\;
nseg_t[= nse€g s = nseg v = nseg u = 1;
if (tb \stegit++;
if (sb rrrseg—=++
if(vb > 1) nseg v++;
if(ub > 1) nseg u++;
for(t = 0; t < nseg _t; t++) {
for(s = 0; s < nseg_s; s++) {
for(v = 0; v < nseg v; v++) {
for(u = 0; u < nseg_u; u++) {
new t = txt'b + (1-t)x(tb-t'b);
new s = sxs'b + (l-s)x(sb-s'b);
new v = vxv'b + (1-v)x(vb-v'b);
new u = uxu'b + (1-u)x(ub-u'b);
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Table B.43 (continued)

SSB t,s,v,u = DecodeBlock (subBlock, bitplane);

}

return SB = cat(SSB_t,s,v,u) The side-by-side concatenation
of all sub-blocks composes the
original block.

}

Table B.44 lists the representations of the hexadeca-tree flags.

Table B.44 — Hexadeca-tree flags

Partition Flag Representation

lowerBitPlane 0
splitBlock 1
zeroBlock 2

B.3.7 Inverse 4D-DCT procedure

B.3.7}11 General

DCT 4D block

coefficients
> IDCT IDCT IDCT IDCT

\ 4

—>

Figure B.20 — Inverse 4D-DCT

As with the direct transform, the inverse transform (4D-IDCT) is separable, i.e. with 1D-IDC[T's computed
sepatfately in each of the'4 directions. An example of the computation flow of the txsxvku separable
4D-IICT is depictediin Figure B.20 (the 4D inverse transform is the same irrespective of|{the order of
applitation of the.inverse 1D transform). After applying the inverse 4D-DCT a level shift|operation is
performed.

B.3.7.2 . Inverse 4D-DCT

For agiven tight field 4D-DCT representation X(L,p,q) the corresponding tight tield x(4,vst) can be
computed by inverse transforming each dimension in sequence as follows.

—1 j=0,1,...,v, -1

t, -1 _
(ws) (; oy L . m(2t+1)q| i=01,...,u
X (I,],P,t) Z OC(CI)X(I,J,P’CI)cos[— ’ p=0,1,...,s, -1 t=0,1,....t -1

Ztk

~1; j=0,1,...,v, -1

-1 t=0,1,....t -1

k

s(uv) (i,j5.t)= 25+1)p:|, i=0,1,..., u

o (p) x(uvs) (i,j,p,t)COS[”(T ,

" s=0,1,...,s

k

%“»—k
=~
T
o

© ISO/IEC 2021 - All rights reserved 71


https://iecnorm.com/api/?name=c34dc0105e000069207446771c4d6610

ISO/IEC 21794-2:2021(E)

X (1,v,5,t)=—— 3 o (f) X (i, j,s,t)cos[

x(u,v,s,tf)zL kZ‘a(i) x(®) (i,v,s,t)cos[ﬂ(— :

where a(O):

s=0,1,....,s, -1; t=0,1,....t, -1

2v K

k

7r(2v+1)j]‘ i=0,1,..., u, -1; v=0,1,...,v, -1
k

2u+1)i] u=0,1,..., u, =1; v=0,1,...,v, 1

2u s=0,1,...,5,-1; t=0,1,....,t, -1

k k

\/% ,and o (n) = \/%; n=1,2,..., N-1,where N is the size of the transform. Output pixels

27 1

o PR Aciadioos ol L ilao o L 1 : Lo
dare represenreaasoz-pit Hrteger sTrasmarcarea eatr et e transrornroracrisaroitraty:

B.3.7.3 Inyerse level shift

After processing the inverse DCT for a block of source light field samples, the reconstructéd samples of
the compongnt that are unsigned shall be inversely level shifted. If the MSB of Ssiz! fz6mi the LFC mprker
segment (se¢ B.4.2.2) is zero, all reconstructed samples x(u,v,s,t) of the ith component are level shifted

by adding the

x(u,v,s,t) ex(u,v,s,t)+255"zi

same quantity from each sample as follows:

NOTE Dye to quantization effects, the reconstructed samples x(u,v,s,£hcan exceed the dynamic range [of the
original samples. There is no specified procedure for this overflow oradnderflow situation. However, clipping the

value within fhe original dynamic range is a typical solution.
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hnnex describes an instantiation of the reference view encoder for the 4D prediction
bcoding process is detailed.

Organization of JPEG Pleno Light Field Reference View superbox
PEG Pleno Light Field Reference View box is a superbox that containsthe following (se

JPEG Pleno Light Field Reference View Description box, signallinigthe configuration of{
iew encoding;

Common Codestream Elements box, signalling redundant header information fro
pdestreams of the reference views;

Contiguous Codestream box, containing as payload the individual codestreams of
iews.

ype of the JPEG Pleno Reference View box shall be ‘Ifrv’ (0x6C66 7276).

JPEG Pleno Light Field Reference View Box (superbox)

| JPEG Pleno LF.Reference View Description box |

| Contiguous Codestream box |

Figure C.1 ~=Organization of the JPEG Pleno Light Field Reference View supel

Defined boxes

mode. Next,

e Figure C.1):

he reference

m individual

he reference

"box

C.3.1

The JPEG Pleno Light Field Reference View Description box contains information on the encoder issued
to individually encode the reference views, the number of reference views, which views are encoded as
reference view and pointers to the individual codestreams (see Figure C.2 and Table C.1).

The type of the JPEG Pleno Reference View Description box shall be ‘lIfrd’ (0x6C66 7264).

TCODEC

Figure C.2 — Organization of the contents of a Light Field Reference View Description box

© ISO/IEC 2021 - All rights reserved
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Table C.1 — Format of the contents of the Light Field Reference View Description box (optional)

n the
c=7

H . In
thical

its of
array

rision

fence

Field name Size (bits) Value
TCODEC 8 0 to (28-1)
1 2161
Npgr 6 0to( )
H(0,0) to H(T-1,5-1) variable 1 bit per view [0, 1]
PP 8 0 (Precision = 32) or 1 (Precision = 64)
TPEC, = pointer to contiguous Precision 1 to (2Precision—1)
(EXTRDATA) codestream 1
_ . P ici 1 2 Precision_ 1
TPECppp = POinter to recision to ( )
coptiguous (EXTRDATA)
codestream Nper
TCODEC identifier for the codec deployed for reference views
TCODEC values shall correspond to the potential values for the coder type C defined
JPX file format (ISO/IEC 15444-2) for the Image Header boX. The default value of TCODH
corresponding to ISO/IEC 15444 (JPEG 2000).
NREF number of reference views (t, s) , for which H (t, s) =1
H this field specifies per subaperture image (t, s) the type of view as follows:
H (t, s) ==0 specifies a intermediate view or non-existing view in the array
Annex E.3.1 itis specified howthis value should be updated to reflect the hierar
level for the intermediate views.
H(t,s)==1 specifiesthe view (t,s) as a reference view.
8 successive bits are.packed as a byte. If TxS is not a multiple of 8, the remaining I
the last byte are piit to zero (zero padding to stuff last byte). The scan-order of the
H is illustrated by an example in the NOTE in Figure C.3.
PP pointer precision
0 indicates 32-bit precision (unsigned integer, default option) - 1 indicates 64-bit pre
(unsigned integer). Other values are not valid.
TPEC, pointer to contiguous (EXTRDATA) codestream of texture data for texture refe
view [, lzl,Z,...,NREF
This pointer indicates the position of the EXTRDATA codestream in the Contiguous Code-
stream box counting from the beginning of this box, i.e. the LBox field.
EXTRDATA external encoded data payload

Contains texture data encoded with the external codec TCODEC. The header information

produced by the external codec has been removed.

When TCODEC =7 the codec deployed can be ISO/IEC 15444-1 or other parts, such as ISO/IEC 15444-2,
which added support for multi-component transforms. The required capabilities are signalled to the
JPEG 2000 decoder using the extended capabilities marker (CAP) which was introduced in

74

© ISO/IEC 2021 - All rights re

served


https://iecnorm.com/api/?name=c34dc0105e000069207446771c4d6610

ISO/IEC 21794-2:2021(E)

ISO/IEC 15444-1. The CAP marker is defined as 0xFF50 followed by a variable length field indicating the
Parts of the ISO/IEC 15444 series containing extended capabilities that are used to encode the image.

NOTE
begin

Figure C.3 — Reference view configuration array H for 7 =5, =5 with five referen
centre plus corners configuration

C.3.2
This

codes
the C

The t

» s

— H(0,0)=1 — H(0,1)=0 — H(0,2)=0 — H(0,3)=0 — H(0,4)=1 P>

— H(1,0)=0 - H(1,1)=0 —— H(l,:)=0 —— H(1,3)=0 ] HO4=0 —»
HE2-63=6 — HE24H=0 :",")_1 HEZ3Y=6-T——H{2 =

= H(3,0)=0 - H(3,1)=0 —— ;(3,2)=0 | HE3)=0 ] HE4)=0 —>

= H(4,0)=1 - H(4,1)=0 — :(4,:):0 —— H(4,3)=0 — H(44)%1

tV

17

Common Codestream Elements.box

07077

##Common Codestream payloadé

Row-wise scan order illustrated with black arrows and grey\avrows. Grey arrows indica
hing of the next row. The coordinates (tX sX ), 1=1,2,3,4,5are the set of (t, s) where |

box contains redundant codestream“elements extracted from the reference view
(Figulre C.4 and Table C.2). If this box-is signalled the contained codestream elements,
tream header information, shall be concatenated with every codestream fragment
bntiguous Codestream box [Figure C.5 and Table C.3). This box is optional.

ype of the Common Codestream Elements box shall be ‘Ifcc’ (0x6C66 6363).

Figureé C.4 — Organization of the contents of the Common Codestream Elemen

Table C.2 — Format ofthe contents of the Common Codestream Elements b

e move to the
il (t, s) =1.

ce views in

rodestreams
representing
rontained by

[s box

Common
codestream

Field name

Size (bits)

Value

Common codestream payload

variable

variable

payload
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C.3.3 Contiguous Codestream box

The Contiguous Codestream box is specified in Annex A.3.4. In this subclause, its payload is specified,
which corresponds to the stripped codestreams of the reference views, i.e. codestreams with the
redundant header information removed and stored in the Common Codestream Elements box in the
JPEG Pleno Reference View box.

7/////{{{/%//// ///{/{{{{{n{///y
// Codest / /// Codest Q

“sReference View 1 Reference View Ngrg

Figure C.5 +Orgamizatiomrof tirecontentsof thre €Contiguous €odestream box for reference view
signalling in the 4D Prediction mode

Table C.3 — Format of the contents of the JPEG Pleno Light Field Contiguous Codestream bagx for
reference view signalling in the 4D Prediction mode

Fieldlname Size (bits) Value Comments
Codestreaml|for reference variable variable External codec codestiream
vigw 1
Codestreaml|for reference variable variable External codec codestiream
vidw 2
Codestream|for reference variable variable External codec codestiream
view NREF

C.4 Reference view encoding

This clause |provides a description of encoding operations for the reference views. The follgwing
variables ar¢ elements obtained from matrix H, used for indexing the reference views:

th Subgcript of the row index for the reference view 1=1,...,N ppp 1D the light field array in rowtwise

scanning order. Refenénce views are those views, for which H (t, s) =1.
sX Subgcript of the eolumn index for the reference view I=1,..., Np in the light field array inf row-
wisg¢ scanning)order. Reference views are those views, for which H (t, s) =1.

~

Reference views are encoded with an external codec, such as TCODET . Since all reference views share
the same dimensions and bit depth, the header information of such encoding needs to be obtained only
once. For this reason, the externally encoded files are split to two parts: 1) the header information, 2)
the remaining codestream. The encoder will place the redundant header information as payload in the
common codestream element box, and the decoder needs to concatenate the header to the remaining
codestream part prior to the decoding with TCODEC .

The texture views of the light field are denoted as,

X(t,s,v,u,c).

The views are addressed by the (t, s) coordinates pair, while the (v, u) pair addresses a pixel within

each (t, S) view and index ¢ stands for colour component.
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Similarly, the decoded texture views are denoted as,

XDEC (t,5,v,u,c),

and the normalized disparity views of the light field as,

D(t,s,v,u),

and the decoded normalized disparity views as,

grEe(E s vou),

wherp
4=0,1,...,T-1
4=0,1,...,5-1
¥=0,1,....,V-1
y=0,1,...,.U-1

4=0,1,...,NC-1.

u
] 2 o o [ | =
I S
R
5 O [
| =5
I O o [
| |
| |
| |

| I O |
Al

T

Figure C.6 — Light field with dimensions TxSxVxU displaying reference views at locations

marked REF ((¢¥,sY ), 1=1,2,3,4,5)
For a given reference view (tIX,le), l:1,2,...,NREF the encoding of texture is performed as in

Table C.4. An example configuration of reference views is illustrated in Figure C.6. Note that the
numbering follows the row-wise scanning pattern as illustrated in Figure C.3.

NOTE Row-wise scan order illustrated with black arrows and grey arrows. Grey arrows indicate move to the
beginning of the next row. The coordinates (th , le ), 1=1,2,3,4,5, are the set of (t, S) where H (t, S) =1.
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Table C.4 — Procedure for encoding the reference view /

1 Read the [ reference view as XI =X (tIX ,sIX ) , reference view has dimensions VxXUxNC

2 Encode XI with TCODEC atthe requested rate

3 Repeat step 1 and 2 until all Npp reference views have been encoded

4 Extract and remove common codestream element THEADER from all the TCODEC encoded files.
Output all stripped TCODEC codestreams (EXTRDATA) to the Contiguous Codestream box. The location

5 of each stripped codestream is written to the codestream as pointer TPEC,.

6 Outpuf the common codestream element (THEADER) as the payload in the Common Codestream
Element box.

The encodin
extracts the
bytes THEA
codestream,
THEADER 1
information
the stripped|
saves bytes,

When obtai

b procedure of a reference view is displayed as a flowchart in Figure C.7 'l Table C.4, s
header information from the TCODEC encoded file. The header information is an ar
PDER, and subsequently the bytes are removed from the codestréam. The resulf
that is not fully decodable with the TCODEC decoder. The/header information

eeds to be concatenated back prior to decoding. The decodér can obtain the h
from common codestream element box, detailed in Table €.2,/append it to the beginn
codestream (EXTRADATA), and decode successfully. This:stripping of header inform

and makes the encoding less redundant, since only a sifigle unique header is required}

hing the common codestream element, the eneoder must use the correct marker

identifying the header section in the encoded codestream, In the case of TCODEC ==7, the dep|

codec is JPE
(0xFF90), i.e
chosen code
codec type.
TCODEC cod

The process
data and co

; 2000, and the marker for identifying the last'two bytes of the header is the SOT m
. the beginning of a tile marker. For other>, TCODEC types, the marker will depend 9
C. Note that the decoding process of the<common codestream element is transparent 1
Hence, no normative constraints need to be imposed on the exact cutting point
estream.

of Table C.4 applies to all reference views. The encoder will output all the reference
mmon codestream element-information according to the format of Light Field Refe

View Description box.

tep 4
ray of

is a
array
bader
ng of
ation

s for
loyed
arker
n the
o the
f the

view
rence
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C.5
This

views
Since
codes
the d
See H
the r¢

=1
\ 4
Encode reference view Extract and remove the
X(t?,s) with TCODEC common codestream element
THEADER from the
TCODEC encoded file
v
Output stripped TCODEC
codestream to the Contiguous
true Codestream box, and obtain
1< Npgp the codestream pointer TPCE,
false

Output the common
codestream.element
THEADER as’payload to the
Common Codestream element
box

Figure C.7 — Overview of reference view encoding of view (th , le ) ,1=1,2,...,

Reference view decoding

Clause provides a description 6f-decoding operations for the reference views. Referen
that use no prediction. These'views are the views on the lowest hierarchical level wher

the externally encodedfiles are split to two parts 1) the header information 2) th
tream, the decoder heeds to concatenate the header to the remaining codestream
bcoding with TCODEC .

igure C.8 for.an overview of the reference view decoding process. The detailed steps

ference view (tIX,sIX), 1:1,2,...,NREF are given in Table C.5.

REF

ce views are
g H(t,s)zl.

e remaining
bart prior to

for decoding

Table C.5 — Procedure for decoding X PEC (th 5% ) = f(lDEC

Obtain the header payload from Common Codestream Element box, and store the payload as an array of
bytes THEADER.

d

Obtain the reference view i data from the contiguous codestream box, pointed to by TPEC, and store the

ata as an array of bytes TDATA .

C

oncatenate THEADER and TDATA as TENCODING = [THEADER, TDA TA].

Decode the VxUxNC image XPFC from TENCODING with the external codec TCODEC .

XDEC (¢X o )= XDEC

N U1 | | W

Repeat from step 2 until all reference views have been decoded.

© ISO/IEC 2021 - All rights reserved
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Concatenate codestream TDATA

pointed to by TPEC, with e
common codestream element %btalg_ X 'bhy
— ayload THEADER ecoding wit XDEC
TPEG, pay TCODEC the array of !
TENCODING = bytes TENCODING
[THEADER TDATA]

Figure C.8 — Overview of decoding reference view XPEC (th , le ) = X’IDEC A=1,2,.. Npor
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JPEG Pleno light field normalized disparity view decoding

General

This
modd

D.2

The]
Figun

— a
t

The t

Fig

D.3

hnnex describes an instantiation of the normalized disparity view encoder for the %
. Thereafter, the decoding process is detailed.

Organization of JPEG Pleno Light Field Normalized Disparity View S

PEG Pleno Light Field Normalized Disparity View box is a superbox that contains the f
e D.1):

he normalized disparity view encoding;

Common Codestream Elements box, signalling reduiidant header information fro
odestreams of the normalized disparity views;

Contiguous Codestream box, containing has paylead the individual codestreams of th
isparity views.

ype of JPEG Pleno Light Field Normalized Disparity View box shall be ‘Ifdv’ (0x6C66 6

JPEG Pleno Light Field,Normalized Disparity View Box (superbox)

| JPEG Pleno. LF Normalized Disparity View Description box |

—,—— - N—_—,——— - ———-——.—-

| Contiguous Codestream box

ire D.1 — Organization of the JPEG Pleno Light Field Normalized Disparity View

Defined boxes

D prediction

uperbox

llowing (see

JPEG Pleno Light Field Normalized Disparity View Descriptjonbox, signalling the conffiguration of

m individual

b normalized

476).

superbox

D.3.1 JPEG Pleno Light Field Normalized Disparity View Description box

The JPEG Pleno Light Field Normalized Disparity View Description box contains information on the
encoder issued to individually encode the normalized disparity views, the number of normalized
disparity views, which views are encoded as normalized disparity view, and pointers to the individual
codestreams.

The type of JPEG Pleno Light Field Normalized Disparity View Description box shall be ‘Ifdd’
(0x6C66 6464).

© ISO/IEC 2021 - All rights reserved
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Figure D.2 — Organization of the contents of a Light Field Normalized Disparity View
Description box

DCODEC

Table D.1 — Format of the contents of the Light Field Normalized Disparity View Description box

Field name Size (bits) Value
DCODEC 8 0 to (28-1)
Q 8 0 to (28-1)
16 0to (216-1
Dy ( )
16 0 to (216-1
Nypy ( )
HD 0’0) to HD (Tfl,Sfl) variable 1 bit per view [0,,1]
PP 8 0 (Precision = 32) ot/L(Precision = 64)
DPEC, = Pointer to contiguous Precision 1 to (2Rrecision-1)
(EXTRDATA) codestream 1
- Poi Precision 1 to (2Precision_ 1
I PECNNDV = Pointer to ( )
contiguous (EXTRDATA)
codestream Nypy

DCODEC identifier for the codec deployedifor normalized disparity views

DCODEC values shall correspond to the potential values for the coder type C defined |n the
JPX file format (ISO/IEC.15444-2) for the Image Header box. The default value of DCODEC =7
corresponding to ISO/IEC 15444 (JPEG 2000).

Q depth quantizationiparameter

D i minimum normalized disparity value (optional)
sni

The integer value is represented in unsigned 16 bit. The D, .. quantityis subtracted

hift
from-the encoded normalized disparity data to level-shift the normalized disparity|data
te'cover the negative and positive range of the normalized disparity field. Intended [to be
used with DCODECs which do not support negative data.

NNDV number of normalized disparity (reference) views (t, s) , for which HD (t, s) =1

H, (t, s) this field specifies per normalized disparity view (¢, s) the type of view as follows:
HD (t, s) ==0, normalized disparity view not supplied.
H, (t, s) =1, normalized disparity view supplied.

8 successive bits are packed as a byte. If TxS is not a multiple of 8, the remaining bits of
the last byte are put to zero (zero padding to stufflast byte). The scan-order of the normal-
ized disparity views is illustrated by an example in the NOTE in Figure D.3.
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PP pointer precision

0 indicates 32-bit precision (unsigned integer, default option) - 1 indicates 64-bit precision
(unsigned integer). Other values are not valid.

D PECk pointer to contiguous (EXTRDATA) codestream of normalized disparity data for normalized

disparity reference view k,k=1,2,..., NIDV

This pointer indicates the position of the EXTRDATA codestream in the Contiguous Code-
stream box counting from the beginning of this box, i.e. the LBox field.

EXTRDATA externally encoded data payload

Contains disparity data encoded with the external codec DCODEC.
Whet DCODEC =7 the codec deployed can be ISO/IEC 15444-1 or other parts,stich as ISO/|EC 15444-2,
which added support for multi-component transforms. The required capabilities are sighalled to the
JPEG| 2000 decoder using the extended capabilities marker (CAP)y which was infroduced in
ISO/IEC 15444-1. The CAP marker is defined as 0xFF50 followed by a varjable length field indicating the
Partgin the ISO/IEC 15444 series containing extended capabilities tHatare used to encode [the image.
> S
— H00)1 |— HO0D=0 f— Hy(02)=0 | —dVHy(0,3)=0 [ H04)=1 [P
‘._’_‘ v
== Hp(1,0)=0 : Hp(1,1)=0 p—— Hp@,2)=0 |~ Hp(1,3)=0 p—— Hp(1,4)=0 —>
== Hp(2,0)=0 : Hp(2,1)=0P— Hp(22)=1 —— Hp(23)=0 — Hy(24)=0 P>
== Hp(3,0)=0 : Hp(3,1)=0 = Hp(3,2)=0 [~ Hp(3,3)=0 f— Hp(34)=0 —p
. ==
= H{40)=1 [~ ] Hy(@)=0 [ Hp(42)=0 —— Hp#3)=0 [ Hp(z4)=1 —p
¢ v
NOTE Row-wise 'scan order illustrated with black arrows and grey arrows. Grey arrows indicafe move to the
beginhing of thexiext row. The coordinates (tl? , sl? ), k=1,2,3,4,5, are the set of (t,s) where HD t, s) =1.

=

jgure’D.3 — Normalized disparity view configuration array H D for T=5,18 =5 with five
—l—ﬁ—l—gre €Tence Views in centre plus corners configuration
D.3.2 Common Codestream Elements box

The redundant codestream syntax from the individual codestreams of the normalized disparity data is
extracted and signalled as specified in Annex C.3.2 for the reference views. This box is optional.

D.3.3 Contiguous Codestream box

The Contiguous Codestream box has been specified in Annex A.3.4. In this subclause, its payload is
specified, which is corresponding to the stripped codestreams of the normalized disparity views, i.e.
codestreams with the redundant header information removed and stored in the Common Codestream
Elements box in the JPEG Pleno Normalized Disparity View box (see Figure D.4 and Table D.2).
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]
7 Codestream Codestream 5
I Normalized Disparity View 1 Normalized Disparity View Ny, #

//////////////////////%//////////////////////
v

Figure D.4 — Organization of the contents of the Contiguous Codestream box for normalized

disparity view signalling in the 4D Prediction mode

Table D.2 — Format of the contents of the JPEG Pleno Light Field Contiguous Codestream box for

normalized disparity view signalling in the 4D Prediction mode

Fieldlname Size (bits) Value Comments
Codestreanp for normal- variable variable External codec eedestiream
ized disparity view 1
Codestreanln for normal- variable variable External codec codestiream
ized disparity view 2
Codestreanp for normal- variable variable Extetrnal codec codestiream
ized disparity view Nypy

D.4 Repr

The horizont

are expressi

ﬁ:|_u1+

If the pixel
X (tl,sl,v ,
the other.

The disparit

stereo estim
the whole lig
of views can

t1’51

ation methods.[2] For the case of light fields there exist more specialized methods uti
ht fiel¢tin the estimation.[31[4] In the latter category, the disparity maps between each
béobtained using the normalized disparity map, defined as,

y maps cai.be estimated from the texture views ( ) and (tz,sz) using optical

esentation of the normalized disparity data

al disparity map D, and vertical disparity map Dy between the views (tl,sl) and (t
hg the correspondence of the pixel (tl 1S oW Uy ) with the pixel t2 Sy ,V,u, where

Dx (Vl ,Ll1 )_]

D, (v1 u )-|.

(tz S, ,\?,ﬁ) is not occluded by another pixel (tz S,V U ’), then the colour attri
ul,c) and X(t2 Sy ,ﬁ,ﬁ,c) are very similar one to another, allowing to predict one

butes

from

flow
izing
pairs

D D 7
D<t1751,V1,u1)= X(;l’ul)z y(gl U1)ER,
X y
where
B, =XCC(t,,s,)-XCC(t,,s,),
B, =YCC(t),s,)-YCC(t,,s,)
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The normalized disparity of pixel (v,u) in view (t,s) is denoted as D(t,s,wu). For a pair of two

arbitrary views (

t1,31

pixels by,

x(t,

wher

JSZ ) ,S ]

1Vl,lC

v,u,c)=X(t LUy ) for Vee{o,...,NC-1},

1
e

) and (tz ) 52) the normalized disparity map can be used to find corresponding

D.5

This
Norn
base(

The 1
norm

b

wher

Forc
shiftg

norm
maps

q

The 1
Figun

Encoding of normalized disparity data

clause provides details how the normalized disparity data is encoded-using DCOI
alized disparity data is used to predict intermediate views from reference views usi
| warping, see Annex E.

normalized disparity views are real-valued floating-point quantities. Denote the f
alized disparity view as D. A quantized integer precision motmalized disparity view ig

quant =rD-ZQ J’

e Q is the quantization factor.

pdecs which do not support encoding of negative data, the quantized normalized disp
d to positive range using the constaiit Dshift' The shifting constant Dshift is co
alized disparity maps in the light field and is obtained over all quantized normaliz
. In this case of level-shifting to pasitive range, the quantized normalized disparity dz

auant =D-20+D ..

jormalized disparity views are usually provided at lowest hierarchical level (see th
e D.5), and are uséd-to predict subsequent intermediate views at higher hierarchies

dispd
view
obtai
infor
paylo
the r¢

rity views are eneoded with an external codec, such as DCODEC. Since all normaliZ

share the same’dimensions and bit depth, the header information of such encoding
ned only once. For this reason, the externally encoded files are split to two parts: 1
mation, 2)jthe remaining codestream. The encoder will place the redundant header in
ad in‘the common codestream element box, and the decoder needs to concatenate t
bmaining codestream part prior to the decoding with DCODEC .

DEC encoder.
hg disparity-

oating-point
obtained as,

hrity is level-
mmon to all

ed disparity
ta becomes,

e example in
Normalized
ed disparity
needs to be
) the header
formation as
he header to
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| REF| |

| [Rer |

Figure D.5
vie

T

— Light field with dimensions TxSxVxU displaying normalized disparity reference

ws at locations marked REF (in row-wise scan order (tD sP

D3P, k=1,2,3,4,5)

The following variables are elements obtained from matrix Hpq used for indexing the normglized

disparity vig

An example

disparity view (tf .S

performed aj

ws,

N

Subscript of the row index for the normalized disparity view k=1 NDV

.....

N

for which HD (tlx,slx)zl,for 1=1,x.., REF -

’ NNDV

light field array in row-wise scanning order. Normalized disparity views are

views, for which Hp (tlx,sl")zl,for I=1,...,NREF.

Subscript of the column index for the normalized disparity view k=1, ...

D

. N

), k=1,..,N,

5 in Table™D.3.

in the

field array in row-wise scanning ordér. Normalized disparity views are those v

light

iews,

n the

those

configuration of normalized disparity views is given in Figure D.5. For a given normglized
the encoding of normalized disparity using DCODKC is
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Table D.3 — Normalized disparity view encoding procedure for normalized disparity view k

when using DCODEC

1 Obtain reference normalized disparity view as ﬁk =D (tl? ,sl? ) , reference normalized disparity view has
dimensions VxU
2 |Quantize by rounding to nearest integer after multiplication by 2€, [)Z”‘"’t :|_[)k 20]
3 |Level-shift by adding the quantity Dshift : ﬁzua"t =[D-20 -|+Dshift
4 |Encode ﬁl‘(’ua"t with DCODEC at the requested rate
5 Extract and remove common codestream element DHEADER from the DCODEC encoded fileg.
Dutput to codestream the headerless DCODEC encodings (EXTRDATA). The location of this data in the
6 fodestream is written to the codestream as pointer DPEC, .
7  |Putputthe common codestream element as the payload in the Common Codestream Element box,|see Table C.2.
8 Dbtain reference normalized disparity view as ﬁk =D (tl? ,s]l() ), reference normalized disparity view has
limensions VxU
Step p extracts the header information from the DCODEC ericoded file. The header inforjmation is an
array of bytes DHEADER , and subsequently the bytes are removed from the encoded file.[The result is
an ericoding, that is not fully decodable with the DCODEC decoder. The header information array
DHEADER needs to be concatenated back prior toydecoding. The decoder can obtain] the header
information from common codestream element box; append it to the beginning of thg headerless
encodling, and decode successfully. This stripping of header information saves bytes, and makes the

encodling less redundant, since only a single unigue header is required.

Whe

ident
codeg
begin

obtaining the common codestream\element, the encoder must use the correct
fying the header section in the encoded codestream. In the case of DCODEC ==7, {
is JPEG 2000, and the marker for'identifying the last two bytes of the header is 0x
ning of a tile marker. For othet"DCODEC types, the marker will depend on the choser

that ghe decoding process of thecommon codestream element is transparent to the codec {

D.6

This
norm
subse

Decoding of narmalized disparity data

clause provides_details on decoding the normalized disparity data using DCODEC
alized disparity views are usually provided at lowest hierarchical level and use
quent intérmediate views at higher hierarchical levels, see Annex E.

The normalized disparity views are real-valued floating-point quantities. During encod

quan

ized into integer range by a multiplication with 2¢ followed by rounding to nearest

markers for
he deployed
FF90, i.e. the
1 codec. Note

ype.

lecoder. The
d to predict

ing they are
integer and

enco

shifted by subtracting the quantity D

o} : Wl MY VaYyn 11 £ 1. a1 ade. : adel b 1 4]
CU WS Iy 10U DILS. UPLIULLAdLLY, TUL TTUTTHIAIIZTU UISPdIILy VICWS WILIT TITE54dUIVE VAIUCS LI

see Table D.1. The D value is obtained only

hift’ shift

data is level
once over all

normalized disparity views. Level shifting is not necessary for codecs which support negative input data.
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~quantDEC
Dk

Consider an encoded normalized disparity view obtained from decoding a codestream

encoded with DCODEC . First, the decoder level-shifts the data using,

AquantDEC _ nquantDEC
Dk - Dk Dshiﬂ: ’

Next, the inverse quantization step is applied,

ﬁ]l()EC — (b}(zuantDEC )/ZQ ,

where ﬁI?EC is truncated to 16 fractional bits and is representing the final decoded noxmalized
disparity vidw. It is assigned to DPEC (tll() ,sl?):ﬁl?EC.

The steps far decoding the normalized disparity view (tD,SI?), k=1,2,...,N using DCODE( are

k NDV

given in Table D.4.

Table D.4 — Normalized disparity view decoding procedure for normalized disparity view
k using DCODEC

1 |Obtain h¢ader payload from Common Codestream Element box as an array of bytes DHEADER .

Obtain the normalized disparity view i data from the contiguous godestream box, pointed to by DPEC| and

store the|data as an array of bytes DDATA.
3 |Concatenfate DHEADER and DDATA as DENCODING :[DHEADER, DDA TA].

4 |Decode IDENCODING with external codec DCODEC to-ébtain VxU image [)Z"a"tDEC

unantDEC _unantDEC _
Tk

nife Dk (optional step)

5 |Level shift by subtracting DS Dshift

6 | Dequantilze to floating-point values by division with 22 : DPEC = (ﬁZ”antDEC )/ 2¢

7 | BPEC (¢D|sD )= PEC.
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JPEG Pleno Light Field Intermediate View superbox

General

This
It als
inter

Howse
for th

E.2

The
Figurn

<

<

hnnex specifies the decoding process for intermediate view decoding in the 4D pred
b specifies the superbox containing all information necessary to reconstruct-and t
mediate views, such as prediction parameters and encoded residual predictien data.

ver, for informative purposes, it first describes an instantiation of the intermediate ¥
e 4D prediction mode.

Organization of JPEG Pleno Light Field Intermedidte View superbox

e E.1):

JPEG Pleno Light Field Prediction Parameter box,signalling the parameters of the i
iew prediction;

JPEG Pleno Light Field Residual View Description box, signalling the configuration of
iew encoding;

Common Codestream Elements box,\signalling redundant header information fro
odestreams of the residual views;

Contiguous Codestream box, eontaining has payload the individual (stripped) codest]
esidual views.

ype of JPEG Pleno Light ‘Field Intermediate View box shall be ‘Ifiv’ (0x6C66 6976).

JPEG Pleno LF Residual View Description box

i
; JPEG Pleno LF Prediction Parameter box
{
|
|
|
|

S

S

iction mode.
decode the

iew encoder

PEG Pleno Light Field Intermediate View box is a supérbox that contains the following (see

ntermediate

the residual

m individual

reams of the

E.3

Figure E.1 — Organization of the JPEG Pleno Light Field Intermediate View sup

Defined boxes

E.3.1 JPEG Pleno Light Field Prediction Parameter box

erbox

The prediction parameters box contains prediction parameters for the NI intermediate views (tll) , SIIJ ),

for which H(t{),s}’))zO.
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For each intermediate view (té,sé) this box contains updated hierarchy information for the

intermediate view configuration, view merging mode options and sparse filter parameters. For each
intermediate view (tlI) , S[I) ) , the prediction parameters are contained in a separate prediction parameter

block (see Figure E.2 and Table E.1).
The type of JPEG Pleno Light Field Prediction Parameter box shall be ‘Ifpp’ (0x6C66 7070).

Q 7 / | | 7Prediction/ Prediction//
g7 / %parameter parameter %
N, < U 4 VPP, VPPy [/ block1 /' block N;
Figurje E.2 — Organization of the contents of a Light Field Prediction Parameter(box
Table E.1 |— Format of the contents of the Light Field Prediction Parameters ,DeScription hox
Field name Size (bits) Value
N, 32 0 to (23%-1)
hsize 8 1 to\(28-1)
ariable 0, (2bsize-1J|Hn hsize bit per vie
H(t{ s{)toH tl sl v [0.¢ U zeDitperview
NI NI
VPP, 32 1 to (2321)
VPP 32 1 to (23%21)
NI
Prediction parameter block; variable variable
Prediction parameter blocky;, variable variable
N, number of intermediate views, NI = N—NREF ,where N equals the total number of vigws in
the light field, and Nppr equals the total number of reference views
hsize precisioninbit for specifying the number of hierarchical levels in the array H (up to 3 Jevels
requires-2 bits, from 4 to 7 levels 3 bits, etc.)
H (t,s) thévalue specifying the type of view (t,s) as follows:

H (t, s) ==0 is reserved for non-existing views in the array H .

H (t, s) ==1 is not allowed (reserved for reference views).

H (t, s) >1 signals the hierarchy level of the intermediate view (t, s) .

Please note that the indexes tlla and S;J are ordered according to a row-wise scan (see NOTE

to Figure E.3).

The hsize bit per view are concatenated to one stream. 8 Successive bits are packed as a byte.
If N, xhsize is not a multiple of 8, the remaining bits of the last byte are put to zero (zero

padding to stuff last byte). The scan-order for H isillustrated in the NOTE to Figure E.3.
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| 444
P

subscript of the row index in row-wise scanning order for the intermediate view p=1,...,N

in the light field array

subscript of the column index in row-wise scanning order for the intermediate view p=1,..., N

in the light field array

ISO/IEC 21794
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I

I

pointer to Prediction Parameters block for intermediate view (tll) , S!I’ ), p= 1,...,N1 in the

light field array in row-wise scanning order

NOTE
indic4

views

Fig

Fore

Thispoimter indicates the position of this Prediction Parameters biock It
Parameters Description box counting from the beginning of this box, i.e. the L

A
H(0,0) HO=4 |— HO2)=2 |— H03)=4 L H(0,4)
—C
——
-
e H(10=0 — HLD=22 — H12)=3 |— HLID=2)}F— H1LH=0 P>
> =
——’—
- 9
=l H(20)=2 H(2,1)=3 H(2,2) H23)3 — HRZ4H=2 I
- =
‘——’
-
e H30)=0 [—— HGBD=2 |— HB2)=3 [— HGB3)=2 [— HGB4=0 P
-
-
H(4,0) H(4,1)%4 = 7 H(42)=2 — H@&3)= P> H(4,4)

v
t

with H (z,5)=0

Skipping of the centre.reference view is illustrated with the rounded arrow. Hier
ted when H(t,s)zl. In this example there are four hierarchical levels {1,2,3,4} and foui

ure E.3 — Subaperture views are scanned in row-wise order skipping the refere
H (t,5)=1 that have been signalled earlier (see Annex C.3.1)

e Prediction
Box field.

hrchy level is
non-existing

nce views

n a separate

hclvintermediate view (t!I) , SIIJ ), p=1,..., NI the prediction parameters are contained

prediction parameter block, see Table E.2.

Table E.2 — Format of the contents of the Prediction Parameter block

Field name Size (bits) Value
N; 8 0 to (28-1)
ND 8 0 to (28-1)
t; 16 0 to (216-1)
SlTr 16 0to (216-1)
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Table E.2 (continued)

Field name | Size (bits) | Value
£Tr 16 0to (216-1)
NT
p
STr 16 0 to (216- 1)
NT
p
¢Dr 16 0 to (216-1)
1
$Dr 16 0 to (216-1) N

1 |
: n.q/

Dr 16 0to (216- 1) NV
tp Qb‘
p A
§Dr 16 0 to (216- 1)),
ND
P &
MMODE 8 o2y
p Ca
SF 8 &\J [0,1]
p <g (@)
MMODE ==0 (least- ti i
» (least-squares op m{l‘zag w merging)
.0 16 A -(215-1) to (215-1)
LSW! \&
0 16 @ -(215-1) to (2151
LSW} S (215-1) to (2>-1)
=
p,N -1 -(215-1) to (215-1)
LSW, xO
p N
<O
MM ODEp 6——)\\1 (geometric distance based view merging)
FPW : 32 single precision, big endian float-
p ’_O® ing-point
@U SFp ==1 (sparse filter enabled)
: 8 281
PN
O msp 8 281
\. ¥ p
PPV 32 (23023
1
.0 32 -(231-1) to (231-1)
SPW2
p.N 1 32 -(231-1) to (231-1)
SPw. ¢
Mgp
KR, o (N, +1) {0 to (Z(NSP”) —1)
< 7
KR, N -1 (Ny,+1) [0 to (z(Nsp”) —1)
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number of reference views for intermediate view (t119 , SIIJ ), p=1,..., NI
number of normalized disparity views for intermediate view (té , 5117 ), p=1,...,N,

subscript of the row index of the reference view, ii =1, 2,...,N§ in the subaperture image

array in row-wise scanning order

subscript of the column index of the reference view, ii=1.2.....NT in the subaperture image

ii

tDr
Ji

i

MMODE

SF
P

P
array in row-wise scanning order

The set of reference views for intermediate view pf)is defined as

Q;r ={(tI",sI"), (¢Ir,sI7),..., (t;;" ,s;rT )}
P Np

subscript of the row index of the normalized disparity view, jj=1,2,..., N,l;) in thelsubaperture

image array in row-wise scanning order

subscript of the column index of the normalized disparity view, jj=1,2,..., Ng n the subap-
erture image array in row-wise scanning order

The set of normalized disparity reference ¥iews for intermediate view p is defined as

QDT ={(¢07507), (¢ ,50") ., (2, 520
p p

view merging mode for texture view, p, p=1,2,..., N,

MMODE, View merging mode for view (tII, : szl) )

0 Least-squares merging, Annex E.5.4.1
1 Fixed-weight merging, Annex E.5.4.2
2 Median merging, Annex E.7

sparse filter enabled/disabled at view p, p=1,2,....N,,
SFp ==1 sparse filter enabled,

NLS
p

LSwP<
J
FPW

NRT

bl*p ==0 sparse I1lter disabled.

T
number of LS merging coefficients for view p, computed as [NZ 2" J/Z
least-squares merging weight of component ¢ for view p, j=1,2,..., NLSp
fixed-weight merging parameter for view p

regressor template parameter of sparse filter for view p

Defines the size of the sparse predictor neighbourhood from which the regressors are
selected.
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