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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

take pa
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cedures used to develop this document and those intended for its further maintenance| are
d in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fdr
rent types of document should be noted. This document was drafted in accordance) with thie
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives or www.iec.ch/members
/refdocs).

Attention is drawn to the possibility that some of the elements of this document mdy be the subjedt
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t rights. ISO and IEC shall not be held responsible for identifying d@ny“or all such patent
etails of any patent rights identified during the development of the. decument will be in thee
tion and/or on the ISO list of patent declarations received (see wwxviso.org/patents) or the [EC
tent declarations received (see patents.iec.ch).

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

bxplanation of the voluntary nature of standards,.the meaning of ISO specific terms anfd
ons related to conformity assessment, as well as,information about ISO's adherence to thie
rade Organization (WTO) principles in the Techuical Barriers to Trade (TBT) see www.iso.org)/
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vord.html. In the IEC, see www.iec.ch/understanding-standards.

fument was prepared by Joint TechnicalCommittee ISO/IEC JTC 1, Information technolog]
mittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

-~

hll parts in the ISO/IEC 21794 series-can be found on the ISO website.

|lback or questions on this dogument should be directed to the user’s national standards body.
e listing of these bodies can'be found at www.iso.org/members.html and www.iec.ch/nationd
tees.
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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

I

diance in time and in space obtained by positioning a pinhole camera at every viewpointin 3

D spatial

(¢

[E—

oordinates, every viewing angle and every wavelength, resulting in a 7D function.

PEG Pleno specifies tools for coding these modalities while providing advanced functionality a

k system

bvel, such as support for data and metadata manipulation, editing, random acces$)and int¢raction,

rotection of privacy and ownership rights.
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Information technology — Plenoptic image coding system

(JPEG Pleno) —

Part 2:

Liaht field codi

1 Scope

—

his document specifies a coded codestream format for storage of light field, mgdalities as
ssociated metadata descriptors that are light field modality specific. This document also ]
hformation on the encoding tools.

— ay

2 Normative references

o |

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

Q

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

o

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

et

50/1EC 21794-1:2020, Information technalogy — Plenoptic image coding system (JPEG Pleno) —
ramework

4

50/1EC 60559, Information technology — Microprocessor Systems — Floating-Point arithmetic

Terms and definitions

L)

1

or the purposes of(this document the terms and definitions given in ISO/IEC 21794-1
bllowing apply.

-

I50 and [EC maintain terminological databases for use in standardization at the following add

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

~+ LEGElectropedia: available at http://www.electropedia.org/

well as
brovides

content
lies. For
applies.
— Part 1:
— Part 2:

- Part 1:

and the

esses:

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
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3.4

coefficient

numeric

3.5

al value that is the result of a transformation or linear regression

compression
reduction in the number of bits used to represent source image data

3.6
depth

distancs

3.7
disparit
image t
subaper

3.8
hexadeq
division

3.9
pixel
collectid

EXAMPL
3.10

plenoptiic function

amount
spatial ¢

3.11
referen
subaper

3.12
subapel
subapel
image t3

3.13
texture
pixel att]

EXAMPL

3.14
transfo

of a point in 3D space to the camera plane

y view
hat for each pixel of the subaperture view contains the apparent pixel shift between twp
ture views along either horizontal or vertical axis

fa-tree
of a 4D region into 16 (sixteen) 4D subregions

n of sample values in the spatial image domain having all thé same sample coordinates

F A pixel may consist of three samples describing its red,‘green and blue value.

U

of radiance in time and in space by positioning a pinhole camera at every viewpoint in 3
oordinates, every viewing angle and every wavelength, resulting in a 7D representation

Ce view
ture view that is used as one of the.feferences to generate the intermediate views

‘ture view
ture image
ken of the 3D scene by.apinhole camera positioned at a particular viewpoint and viewing angle

ributes

E Celour information, opacity, etc.

g

transformation

mathem

atical mapping from one signal space to another
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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

NDEC [,

) decoded normalized disparity value at view (t,s) for pixel location)(y, u)

) (t, S,V, u) . . . . . .

normalized disparity value at view (t, s) for pixel location (v, u)
DPEC . . . . \ .
k pointer to contiguous codestream for normalized disparity view k
D hift scaling parameter to translate quantized normalized disparity maps$ to pos-
shif itive range

[JCODEC disparity view codec type
f focal length

FPW . . . .

D fixed-weight merging parameter for view p

¥ (t’ S) view hierarchy valugfor view (t, s)

ee (t’ S) horizontal gamera centre coordinate for view (t, s)

K (ts) , e - e

D binary value defining the availability of a normalized disparity view (t, s)

1o Lagrangian encoding cost

11 Lagrangian encoding cost of spatial partitioning

12 Lagrangian encoding cost of view partitioning

"Rp,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

© ISO/IEC 2021 - All rights reserved
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MMODEp
MSP
p

NLS
p

view merging mode for intermediate view p

sparse filter order for view p

number of least-squares merging coefficients for intermediate view p

NRT
p

NC

N

sp
Plev
Ppih

qQ

p

Q
R

RCODE(

regressor template size parameter for sparse filter for view p

number of components in an image

number of intermediate views

number of reference normalized disparity views

number of normalized disparity reference views for intermediate view p

number of texture reference views for intermediate view p

number of reference views

number of prediction residtial views

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

profile aparticular codestream complies to

—

2D-image of dimensions VXU, defines the occlusion state-based segmentatio
at Intermediate view p

normalized disparity quantization parameter
rate or bitrate, expressed in bit per sample

prediction residual view codec type

RDATA

RENCODING

RGB

RHEADER

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
1L
field array in row-wise scanning order
40r 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’order
iy Fp binary variable, determines if sparse filter is used(trte) or not (false)
'pyyP0 . . - . .
175 quantized sparse filter coefficients of texture component ¢ forview p, j=1,2,1.., MSPp
ﬁy,c de-quantized sparse filter coefficients of texture component ¢ for [view p,
T/ j=1.2,...,MSP,
t coordinate of the addressed subaperture image along the t-axis
1 size of the light field image along the t-axis (ROWS)
dTr subscript of the row index of the reference view, ii =1,2,..., Ng in the light field
1
array in roWw-wise scanning order
#Pr subscript of the row index of the reference normalized disparity view, jj=1,2,...,N 5
JJ
in'the light field array in row-wise scanning order
tD SD ) . . . . . . .
k> k view coordinate subscripts for normalized disparity view k
tX SX) . . . .
1°°1 view coordinate subscripts for reference view [
gl ) . . . . . .
7p view coordinate subscripts for intermediate view p

tk XSk XVk xuk

tb ><5b va xub
TCODEC

TDATA

4D block dimensions at the 4D block partitioning stage

4D block dimensions at the bit-plane hexadeca-tree decomposition stage

reference view codec type

array of bytes, containing for a single reference view, the TCODEC codestream,

after header information has been stripped

© ISO/IEC 2021 - All rights reserved
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TENCODING array of bytes, containing for a single reference view the full TCODEC codestream

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

TPECI pointer to contiguous codestream for reference view I
u sample coordinate along the u-axis within the addressed subaperture image
U size of the subaperture image along the u-axis (WIDTH)
1% sample coordinate along the v-axis within the addressed subaperturedmage
% size of the subaperture image along the v-axis (HEIGHT)
vee (t’ S) vertical camera centre coordinate for view (t, s)
VPPp view prediction parameters for intermediate view-p
X (t’ SV C) texture value at view (t, s) for pixel locatien (v, u) for texture component ¢
xDEC (t s,v,u,c) decoded texture value at view (t,s) for pixel location (v,u) for texture conj-
ponent ¢
X(tl 7Sl) t . . . .
w 259 ) result of warping the texture view (tl '8 ) to view location (tz 'S, )
horizontal distarice 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 chrominande
component of a pixel
z(t,s,v1u) depth value at view (t,s) for pixel location (v,u)
or distance based merging weight for reference view i=1,..., NZ; at intermed]-
i
ateview 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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jew syn-

gP:c de-quantized least-squares merging weight of texture component ¢ for view p
J , j=1,2,...,NLS
b
osp . - . . .
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 ¢
) p.c locations of the non-zero elements of ‘I’( )
117
(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
QocelT set of occluded pixels, which remain to be inpainted, during texture v
p thesis at intermediate view @
_"ZTI"
p set of reference views+for intermediate view p

1D
3D
4D
OCT

floating point

4.2 Abbreviated terms

two dimensional

threg dimensional

four dimensional

discrete cosine transform

floating point notation as specified in ISO/IEC 60559

HTTP hypertext transfer protocol

IDCY 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
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MSB
R-D
RV
URL
XML

most significant bit
rate-distortion

reference view

uniform resource locator

eXtensible Markup Language

5 Cvaentions

5.1 Naming conventions for numerical values

Integer
and hex

Hexaded
of binar

0x41 represents an eight-bit pattern having only its second most significadt-bit and its least significar

bit equa
as "code
most bit]
values. \
value of
as the vé
the resy
value 0x
decimal

5.2 0}

NOTE
languag

5.2.1

[72)

humbers are expressed as bit patterns, hexadecimal values or decimal numbérs:’Bit pattern|
hdecimal values have both a numerical value and an associated particular length in bits.

imal notation, indicated by prefixing the hexadecimal number by "0x!smay be used instea
y notation to denote a bit pattern having a length that is an integer multiple of 4. For exampl

O = ¥

to 1. Numerical values that are specified under a "Code" heading'in tables that are referred t
tables" are bit pattern values (specified as a string of digits €qual to 0 or 1 in which the leff
is considered the most-significant bit). Other numerical valués not prefixed by "0x" are decimz
When used in expressions, a hexadecimal value is interpreted as having a value equal to t
the corresponding bit pattern evaluated as a binary répresentation of an unsigned integer (i.¢.
lue of the number formed by prefixing the bit pattern\with a sign bit equal to 0 and interpreti
It as a two's complement representation of an.intéger value). For example, the hexadecimgl
F is equivalent to the 4-bit pattern '1111" and is interpreted in expressions as being equal to thie
number 15.

—_— 1

perators

Many of the operators used in-decument are similar to those used in the C programminig

h

Arithmetic operators

addition
subtrdction (as a binary operator) or negation (as a unary prefix operator)
multiplication

division without truncation or rounding

<<

left shift: x<<sis defined as xx2$

>>

++

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

decrement with 1

© ISO/IEC 2021 - All rights reserved
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x umod a is the unique value y between 0 and a-1
for which y+Na = x with a suitable integer N

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

\/

\/
|

§.2.2 Logical operators

3.2.3 Relational operators

3.2.4 Precedence order of operators

of the second operand

If both bits are equal, the corresponding result bitis set to 0. Otherwise, the'coritespond-
ing result bit is set to 1.

logical OR
logical AND

logical NOT

greater than

greater than or equal to
less than

less than or equal to
equal to

notgequal to

(perators are listed in descending order of precedence. If several operators appear in the sgme line,
theyhdve equal precedence. When several operators of equal precedence appear at the same lejvel in an
gxpression, evaluation proceeds according to the associativity of the operator either from right to left

or from left to right.

Operators

0

Type of operation Associativity
expression left to right
indexing of arrays left to right
increment, decrement left to right

logical not, unary negation

© ISO/IEC 2021 - All rights reserved 9
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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 positiye,1'if x is negative
clamp(x{min,max) clamps x to the range [min,max]: returns min if X < min, max if x > max gr
otherwise x
[x1 ceiling of x; returns the smallest integer that is greater than or equal to x
Bd floor of x; returns the largest integer that is less than or equal to x
LxT rounding of x to thenearest integer, equivalent to sign (x) |_|x|+0.5J
6 Gemneral
6.1 Fynctional overview on the decoding process
This do¢ument specifies theJREG Pleno Light Field superbox and the JPEG Pleno light field decodinjg
algorithm. The generic JPEGTleno Light Field superbox syntax is specified in Annex A.
The spegified light field decoding algorithm distinguishes two coding modes:
— 4D Transform\mode: this mode is specified in Annex B and is based on a 4D inverse discrete cosi
trarsform (IDCT) and 4D block partitioning and 4D bit-plane hexadeca-tree decoding;
— 4D Prédiction mode: this mode is based the prediction of intermediate views based on referende
Viev alNd NOTrm €d diSp mMap ne o1 ng 1 Nd decoding o Ne rererence CW S

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 depending on the requirements of the addressed use case.

10
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JPEG Pleno File Format (Annex A, C, D and E + ISO/IEC 21794-1 Annex A)

P Yy —™—m i-—_—_'V_ ———————— A y —"—/7—F/m//m™m/—m—— | AR |
| . . . | | Reference View Normalized Disparity]| Prediction Parameter Residual View |
Arithmetic Decoding| | . . h . .
| (Annex B) I | Decoding View Decoding Decoding Decoding |
| I | (Annex C) (Annex D) (Annex E) (Annex E) |
| | T T |
| o ! ! ! ! | | o
o [ AD BlotkParutom || t View Warni i i '8 |
= Decoding 1 ™ ey [T | . = I
g (Annex B) | : ! ! ] £ |
—

| f =
< ¢ : | | ¢ ! ! Sl

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

I | |

: I | Predi t} E : |
4D-IDCT | | :_ rediction Error | |
(Annex B) I | ——— Correction <+ A |
I | (Annex E) |
|

Decoded Light Eield

6
A
I

lwwliary o

oy

S|

r

Figure 1 — Generic JPEG Pleno light field decoder architecture

.2 Encoder requirements

.3 Decoder requiréments

L Organization ofthe document

n encoding process converts source.light field data to coded light field data.

h order to conform with this do€ument, an encoder shall conform with the codestream format syntax
and file format syntax specified in the annexes for the encoding process(es) embodied by the encoder.

decoding process©onverts coded light field data to reconstructed light field data. Annexes Ajthrough
describe and speeify the decoding process.

decoder is atrembodiment of the decoding process. In order to conform to this document, a[decoder
hall convert all, or specific parts of, any coded light field data that conform to the file formajt syntax
and codestream syntax specified in Annex A to E to a reconstructed light field.

Annex 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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Al G

This an

compregsed light field data and associated metadata. The listed boxes shall comply with their definition

as speci

This doqument may redefine the binary structure of some boxes defined as part of the [SO/IEC 15444

or ISO/I

all JPL filles.

A2 O

Figure A.1 shows the hierarchical organization of the JPEG Pleno Light Field superbox contained by

JPL file.
file will

on the placement and order of that particular box within thefile.

This sugerbox is composed out of the following core elenients:

— a]P
suc

— a]

light field;

— a JPEG Pleno Light Field Disparity View box signalling disparity information for all or a subset ¢f
subgperture views;

— a]

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

Table A.|L lists all boxes defined as part of this document. Boxes defined as part of the ISO/IEC 15444+

or ISO/I

within g1l confopming JPL files. For the placement of and restrictions on each box, see the relevar

section

Note thdtthe IPR, XML, UUID and UUID boxes introduced in Annex A can be signalled, as well at t

Annex A
(normative)

JPEG Pleno Light Field superbox

bneral

nex specifies the use of the JPEG Pleno Light Field superbox which is designed to'c¢entai

[Z=]

fied in ISO/IEC 21794-1.

=)

EC 15444-2 file formats. For those boxes, the definition found in this documnient shall be used fo

—

rganization of the JPEG Pleno Light Field superbox

This illustration does not specify nor imply a specific order'to these boxes. In many cases, thie
fontain several boxes of a particular box type. The meaning of each of those boxes is dependernt

[om

.G Pleno Light Field Header box containing@arameterization information about the light fiel
as size and colour parameters;

G Pleno Light Field Reference View-box containing the compressed reference views of thee

—_—

G Pleno Light Field-dntermediate View box containing prediction parameters and eventus

=

EC 15444-2 file formats are not listed. A box that is listed in Table A.1 as “Required” shall exis

& =t

lefiningthat box.

level of the JREG Plenal ighf Field bhox to carry ]ighf field Qppr‘i‘Fir‘ metadata

12
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JPEG Pleno Light Field box (superbox)

Profile and Level box |

Image Header box |

| Bits Per Component box |

| Channel Definition box

£ orrnd P DY 1
[ Cotguous CotestreanT oox

I
|
|
|
|
|
.|
2 |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
.

JPEG Pleno Light Field Header box

Light Field Header box ’(.1/
v

| Bits Per Component box |

____________________________ i
| Channel Definition box 1I qi\
| Camera Parameter box | 60
o V
---------------------------- T AN
I | Contiguous Codestream box | O

JPEG Pleno Light Field Reference View Box (superb;)'&

| JPEG Pleno LF Reference View Description @( \r

JPEG Pleno Light Field Norme Disparity View Box (superbox

|
]PEG Pleno LF Norm@ﬁd Disparity View Description box | :
|
|
|
|
|
|
|

: JPEG Pleno Light Field Intermediate View Box (superbox) :

: ‘&EG Pleno LF Residual View Description box i

(‘: JPEG Pleno LF Prediction Parameter box I

|

- r-—-——————"—""—"— "~~~ ——————————————— |

O LCommon Codestream Elements Box : :
I

|

|

| IPR box

?\
%Q | XML boxes
R uibboses______________ [

UUID List box
Data Entry URL box

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

© ISO/IEC 2021 - All rights reserved 13


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

ISO/IEC 21794-2:2021(E)

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.

View Description box

I'able A.1 — Delined boxes
Box name Type Superbox | Required? Comments
JPEG Plejno Light Field ‘jplf’ Yes Yes This box contains a series of boXes
box (0x6A70 6C66) '_chat contain the e_ncoded light flleld,
its parameterization and’associated
metadata. (Defined in ISO/IEC 21794-
1:2020, Annex A)
JPEG Plejno Profile and ‘ippl’ No Yes This box indicates'to which profile
Level bok and associatedevel the file format
(0x6A70 706C) and codestréam complies. (Defined in
AnnexA.3.2)
JPEG Plejno Light Field 'jplh’' Yes Yes This(hox contains generic information
Header Ipox (0x6A70 6C68) about the file, §uch as the number of
components, bits per component and
colour space. (Defined in Annex A.3.3]
Light Figld Header box ‘Thdr’ No Yes This box contains fixed length generid
information about the light field, such
(0x6C68 6472) as light field dimensions, subaperture
image size, number of components,
codec and bits per component. (De-
fined in Annex A.3.3.2)
Camera Parameter box ‘Ifcp’ No No This box signals intrinsic and extrin-
sic camera parameters for calibration
(0x6C66 6370) of the light field data. (Defined in
Annex A.3.3.3)
Contigupus Codestream 'jp2¢ No No This box contains a JPEG Pleno code-
box (0x6A70,3263) stream (Defined in Annex A.3.4)
JPEG Plejno Light Field Ifrv’ Yes No This box contains a series of boxes
Refereng¢e View superbox (DX6C66 7276) that contain t}_le enco<_ied reference
views and their associated parame-
ters. (Defined in Annex C.2)
JPEG Plejno Light Eield ‘1frd’ No No This box signals which views are
Referen e View Deéscrip- (0x6C66 7264) encodgd as referencg views a.nd thelr
tion box encoding configuration. (Defined in
Annex C.3.1)
Common-Godestream Tee No Ne This-bex-contains-theredundantpart
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)
eno Light Fie 0 0 is box signals for which views
JPEG Pleno Light Field ‘1fdd’ N N This box signals f hich vi
Normalized Disparity (0x6C66 6464) normalized disparity information is

signalled and their encoding configu-
ration. (Defined in Annex D.3.1)

14
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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

(UROLOO 7074 views. (Defined in Annex E.8.1)

PEG Pleno Light Field ‘Ifre’ No No This box signals the encodinig configu-

Residual View Descrip- ration for the residual'views cpntain-

fion box (0x6C66 7265) ing the prediction etrrors. (Deffined in
Annex E.3.2)

=9 O ja

v

Hey

o]

pih profile of the codestream
Blev level of the codestream

.3.2 JPEG Pleno Profile and Level box

Ppih” | Plev

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

Table A.2~ Format of the contents of the JPEG Pleno Profile and Level box

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

A.3.3.1 General

A.3.3 JPEG Pleno Light Field Header box

he conformance to profiles is indicated in the file type box by the addition of the compatible pifofiles as
rands within the compatibility list. Derived and application specifications based on this specification
hay define additional brands.

he type of the JPEG Pleno Profile and Level box shall be/jppl’ (0x6A70 706C) and contents of the box
hall have the organization as in Figure A.2 and format.as in Table A.2.

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
shalll be as specified in ISO/IEC 15444-2. There shall be at least one Colour Specification box withip
the JPEG Pleno Header box. The use of multiple Colour Specification boxes provides the ability for
decgder to be given multiple optimization or compatibility options for colour processingThese boxes
mayf be found anywhere in the JPEG Pleno Header box provided that they come aften the Light Field

Heafer box. All Colour Specification boxes shall be contiguous within the JPEG Pleno-Header box.

— The|[Channel Definition box defines the channels in the image. Its structuresshall be as specified i
ISO/IEC 15444-1. This box may be found anywhere in the JPEG Pleno Header box, provided that
conles after the Light Field Header box.

e | 10 VL Y8
r cc co r0 “colr 1/ c
5 0 5 5

- =

Key
lhdr  llight Field Header box
bppc Bits Per Component box
colri olour Specification boxes
cdef hannel 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 General

This boy contains fixed lehgth generic information about the light field, such as light field dimension$,
subaperfure image size; Aumber of components, codec and bits per component. The contents of thie
JPEG Plgno Header bo%-shall start with a Light Field Header box. Instances of this box in other places in
the file ghall be igngred. The length of the Light Field Header box shall be 30 bytes, including the box
length and typesfields. Much of the information within the Light Field Header box is redundant with
informafion stored in the codestream itself.

codestream found in the first Contlguous Codestream box in the file. Files that contaln contradlctory
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.
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COLUMNS (S): The value of this parameter indicates the number of columns of the subaperture

view array. This field is stored as a 4-byte big-endian unsigned integer.

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

contain an IPR bexas defined in ISO/IEC 15444-1. Other values are reserved for ISO/IEC us
O
| | | AMEE
ROWS COLUMNS HEIGHT WIDTH NC =
Hey
ROWS.(T) number of rows of the subaperture view array
CCLUI"{P‘IS (s(;) uulubcx Ulc bU}ulllllD Ufthc oubapcx tulc ViCVV culay

a 2-byte

big-endian unsigned IMteger. The value of this 11eld shall be equal to the value of the NC [1gld in the

LFC marker in the codestream (as defined in B.3.2.6.3). If no Channel Definition Box is avail
order of the components for colour images is R-G-B-Aux or Y-U-V-Aux.

BPC: This parameter specifies the bit depth of the components in the codestream; minus
stored as a 1-byte field (Table A.4).

The low 7-bits of the value indicate the bit depth of the components. The high-bit indicates
the components are signed or unsigned. If the high-bit is 1, then the(components contai
values. If the high-bit is 0, then the components contain unsigned.values. If the compone
in bit depth or sign, or both, then the value of this field shall be 255'and the Light Field He
shall also contain a Bits Per Component box defining the bit depth of each component (as d
A.3.3.2.2).

C: This parameter specifies the compression algorithim*used to compress the image d
encoded as a 1-byte unsigned integer. It the value is 0;the 4D Transform mode coding is act
the value is 1, the 4D Prediction mode is activated.-All other values are reserved for ISO/IE

UnkC: This field specifies if the actual colour space of the image data in the codestream if
This field is encoded as a 1-byte unsigned integer. Legal values for this field are 0, if the colo|
of the image is known and correctly spe¢ified in the Colour Space Specification boxes w
file, or 1 if the colour space of the lightfield is not known. A value of 1 will be used in cases
the transcoding of legacy images whiere the actual colour space of the image data is not ki
these cases, while the colour spase-interpretation methods specified in the file may not ag
reproduce the image with respect to an original, the image should be treated as if the mef
accurately reproduce the image. Values other than 0 and 1 are reserved for ISO/IEC use.

IPR: This parameter indicates whether this JPL file contains intellectual property rights info
If the value of this figld-is 0, this file does not contain rights information, and thus the file

able, the

1, and is

whether
h signed
nts vary
hder box
pfined in

hta. It is
vated. If
C use.

known.
ur space
thin the
such as
hown. In
curately
hods do

rmation.
does not

contain an IPR bex, If the value is 1, then the file does contain rights information and thus does

e.

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


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

ISO/IEC 21794-2:2021(E)

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 o See Table A.4

UnkC 8 Oto1l

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.t0*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 forISO/IEC use.

A.3.3.2.2 Bits Per Component box

The Bits
in the cg

There s}

The type of the Bits Per Component box shall be 'bpcc’ (0x6270 6363). The contents of this box shall b

Per Component box specifies the bit depth '0f each component. If the bit depth of all component
destream is the same (in both sign and(precision), then this box shall not be found. Otherwis
this box|specifies the bit depth of each individual component. The order of bit depth values in this box is
the actupl order in which those componentsare enumerated within the codestream. The exact location ¢
this box|within the JPEG Pleno Header box.may vary provided that it follows the Light Field Header box.

all be one and only one Bits\Per Component box inside a JPEG Pleno Header box.

as in Talle A.5 and Figure A:5:

Key

Y j
0

3P

]

(]

|

o
N

B
(RS

b
L

BPCNC-I
Lamw w o

wn

=

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

BPC!

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

18

© ISO/IEC 2021 - All rights reserved


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

ISO/IEC 21794-2:2

of the components within the codestream. The number of BPC! fields shall be the same as the

021(E)

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 dept
component. The high-bit indicates whether the component is signed or unsigned. If the high-bit i

h of this
s 1, then

the component contains signed values. If the high-bit is 0, then the component contains unsigned values.

Table A.6 — BPCi values

Values (bits) .
Component sample precision
MSB LSB
x000 0000 Component bit depth = value + 1. From 1 bit deep to 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.
All other values reserved for ISO/IEC use,

A.3.3.3 Camera Parameter box

.3.3.3.1 General

=

he Camera Parameter box provides information on the positioning of the local reference gr
lobal reference grid, its size, and calibration informatiorfabout the light field. This box is optid

amera models can be represented by matrices with*particular properties that represent the

O O MO aqQ

number of parameters, known as the intrinsic dnd extrinsic parameters.

o~y

.3.3.3.2 JPEG Pleno camera parameters

As specified in ISO/IEC 21794-1, JREG Pleno provides a mechanism to co-register plenop
dontained by the JPL file on a 3D reference grid system. This reference grid system exists out of
and a local reference grid. The global reference grid allows the positioning of the individual m
h the represented 3D scene.tn addition, each JPEG Pleno Light Field, Point Cloud and Holog
hall be assigned a local neference grid to address their sampled plenoptic data. This local r
rid is specified by signdlling its translation and rotation with respect to the global reference g
ptation angles shall be'determined utilizing the right-hand rule for curve orientation.

2 a9 » =

—

he parameters related to the local reference grid are signalled per plenoptic object in the as
PEG Pleno Light Field, Point Cloud or Hologram box.

N—

d in the
nal.

mapping

f the 3D world coordinate system to the image copfdinate system. This 3D to 2D transform depends on

tic data
a global
bdalities
ram box
eference
irid. The

sociated
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In Figur|
each cajg
a given
included

A.3.3.3.

A.3.3.3.

The canpera modelling and calibration is;described based on the local reference grid (X, Y;, Z;) ip

Figure /
camera

and fixe
and pixd
are extd
location

A.3.3.3.

Conside

The canpera's ‘principal axis’ (Z¢,y in Figure A.7) is the line perpendicular to the image plane thg

passes

Yo

Figure A.6 — The global and local reference grid

e A.6, boundaries and coordinate axes of the global and ofié)local reference grid are shown. |
e, the samples or coefficients coincident with the left and upper boundaries are included ip
bounding box, while samples or coefficients along the right and/or lower boundaries are nd
in that bounding box.

—

[

B Camera modelling and calibration

B.1 General

\.6. Both intrinsic and extrinsi¢_parameters are being signalled to model and calibrate the
Ketting and behaviour. The intrinsic parameters are the camera parameters that are internal
d to a particular camera/digitization setup, allowing the mapping between camera coordinates
1 coordinates in the image-plane.[!] The extrinsic parameters are the camera parameters thgt
rnal to the camera and-may change with respect to the 3D local reference grid, defining thie
and orientation of the'camera with respect to the 3D local reference grid coordinate system.

8.2 Intrinsic camera parameters

[ing a pifiliole camera model, the centre of projection is the ‘optical centre’ (C in Figure A.7).

hreugh the pinhole. Its intersection with the image plane is known as the ‘principal point’ (

in Figur

— @

p A7) and it is the geometrical centre of the image. The parameters u, and v, are the principg

points o

ffsets, which are the coordinates of the principal point relative to the coordinate axes u and v

(Figure A.7).

20

© ISO/IEC 2021 - All rights reserved


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

ISO/IEC 21794-2:2021(E)

A Yo
Xeam
Uy _e X
u 2
u
-7 i v
P Z
v, CAM

Figure A.7 — Pinhole camera geometry

The focal lengths fu and fV correspond to the distance between the optical centres of the campras and
their respective image planes. They are represented in terms of pixel dimensions in the [u and v
directions. For example, if the camera focallength is given in mm one needs to convert it|to pixel
dimensions using Formulae (A.1) and (A.2)y'For square pixels the sensor height is equal to the sensor
width, and fu is equal to fV.
fu (pixel) = (focal length (mm)+/sensor width (mm)) x image width (pixel) (A1)
fV (pixel) = (focal lengthii{mm) / sensor height (mm)) x image height (pixel) (A.2)

The axis skew paraméter sk causes shear distortion in the projected image, and for most of the fameras
its value is equal te'zero. The parameters fu , fV ,sk, U, and A completely characterize the mdpping of

an image point from camera to pixels coordinates. They are known as the intrinsic or |internal
fdarameters@fa camera system and can be represented by the transformation matrix Kin Formyla (A.3):

fu sk u
K=| 0 fv Y

|_001J

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.

0
(A.3)

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).
r r 3 XCC

11 12
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 independerit
parameters (Degrees of Freedom - DoF): 3 for rotation and 3 for translation. These parameters)are
expressed in the local reference grid (Figure A.6).

P=K|[R]t,, | (A.5)

The 3x4|matrix P relates the sensor plane 2D image coordinates u = (u, v) (u = (u, v, 1),in homogeneou
coordinjtes) to the 3D local reference grid coordinates X = (X;, Y;, Z;) ( X = (X, Y; £/ 1) in homogeneou
coordingtes) via Formula (A.5). The mapping between a point in the 3D world\into a 2D image is give
by ii =P|X , where ii is the image point in homogeneous coordinates, P is the/camera matrix and X i
the 3D lpcal reference grid point in homogeneous coordinates. The extrinsie camera parameter matri
represents the current status of the camera in the 3D scene.

X L =2 »nn »n

For exarpple, a rotation in 3D local reference grid space involves afiaxis around which to rotate, and ap
angle ofjrotation, according to the right-handed coordinates.

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

1 0 0
R 5|0 cosfO —sin6 , rotation around the X; axis, rotates Y;, Z;, leaving the X
X Xcam Xcam
0 sinf cos6
Xcam Xcam
coorfdinates fixed (A.€)
coso, 0 sin@
Yeam Yeam
Ry: 0 1 0 , rotation around the Y, axis, rotates X;, Z;, leaving the Y,
—sin@ 0~,~cos 6,
Yeam Yeam
coorjdinates 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

A_Q)

E 1 L
nmormroara(zx. 7.

coso, 0 siné, cos6 sin@ 0
1 0 0 Yeam Yeam Zcam Zeam
R=|0 cos0 —sinf 0 1 0 —sinf cos6 0
Xcam Xcam - 0 0 Zcam i
0 sin@ cos@ —sinog, cosoy, 0 0 1
Xean Xeam CAM CAM
Hormula (A.10) shows the mapping of a 3-D local reference grid point (X, Y§, Z;) to the image co
system (u,v) , for a calibrated system:
XL
u fu skouyllry, 1, TnslXCC v
- L
v|=l0 fv Vo Il o1 Ty T3 |YCC e
L
1 0 0 1 Ty Tay Tag ZCC 1

A.3.3.3.4 Camera Parameter box definition

—

he type of the Camera Parameter box shall be, 'Ifcp' (0x6C66 6370) and the contents of the |
Have the format as in Figure A.8.

]

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

(A.9)

brdinate

(A.10)

ox shall

A.7 shall

low

e initialized to zero. The scaling valués S¢ y Sy and Sg; 7 will be initialised to 1.
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I I I I I I 7Y,
. | |
PP léxLO// /) LO/': ,f:ZLOé//@XL ‘A GYL/ /‘:@ZLé/js(;szé ,SGLY/i /SGLZé ExtInt Baselinex Baseliney
| | | | | |
XCC(0,0) YCC(0,0) 7CC(0,0) Oxcam(0,0) Oyv;am(0,0) 0z¢,m(0,0)
| | | | | |
£(0,0) sW(0,0) sH(0,0) sk(0,0) 1,(0,0) v,(0,0)
| | | | | |
%CC(0,1) YCC(0,1) 7CC(0,1) Oxcam(0,1) Oyvam(0,1) Oz,m(0,1)
| | | | | |
£(0,1) sW(0,1) sH(0,1) sk(0,1) u,(0,1) w(0,1)
| | | N N N
XCAM Ycam ZcaM
XCE(T-1,5-1) | YCC(T-1,5-1) | ZCC(T-1,5-1) (T-1,5-1) (T-1,541) (T-1,5-1)
| | | | | |
f(T-1,5-1) sW(T-1,5-1) | sH(T-1,5-1) | sk(T-1,S-1) up(T-1,5-1) | vo(T-1,5-1)

Key
Light field position in global reference grid

PP precision of coordinates (Precision Prec¢.= 16x2PP)
X0 position of the origin of the localTeference grid in the global reference system along the X
coordinate axis
Yio position of the origin of the, local reference grid in the global reference system along the Y,
coordinate axis
Zio position of the origim of the local reference grid in the global reference system along the 7
coordinate axis
0 rotation offset afeund the X axis (in rad)
XL
9 rotation offSet around the Y, axis (in rad)
YL
9 rotationoffset around the Z, axis (in rad)
ZL
SeLx sealing of local reference grid system with respect to global reference grid system for the X-axes befoile
rotation
Seiy scaling oflocal reference grid system with respect to global reference grid system for the Y-axes befoile
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 signals which extrinsic and intrinsic camera parameters are signalled

Baseliney  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

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

XCC (¢, s) 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 (i, s)

fl(t,s) focal length (in mm)

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

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

sk (t,5) sensor skew

u, (t,s) horizontal principle point offset
Vpp (£.5) vertical principle point offset

NOTE1 PP indicates the floating-point precision issued for the coordinates:

NOTE2 X0 Yio Zio 0,70y, 6, SeLx SeLy Srz 0y ts), eYc

CAM Al

CAM
chosen floating-point precision.

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

The geometrical coordinates of the centre of the camera when acquiring the view (t, s) are den

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

ZCC (t,s), camera centre on Z,.

n example of camera centre cogrdinates for a planar camera array is given in Figure A.9, wh
he horizontal and vertical coordinates are illustrated for five views in the camera array. Thd

ertical disparity maps between a pair of views in the light field. For usage examples see Annex
nnex E.4.

< o o

(t, s) and OZ (t, s) ukilize the
M

ted as

ere both
camera

entres XCC and YCC are used-together with the normalized disparity maps D to obtain horizontal and

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
Field 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
eZL 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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Table A.7 (continued)
Field name Size (bits) Value
ex (0,0) 32 single precision, big endian floating-point
cam
eYcam (0,0) 32 single precision, big endian floating-point
0, (0,0) 32 single precision, big endian floating-point
cam
£(0,0) 32 single precision, big endian floating-point
SWT{0,0] 32 Single precision, big endian floating-ppint
sH(0,0) 32 single precision, big endian floatihg-ppint
sk(0,0) 32 single precision, big endian floating-ppint
u,(0,0) 32 single precision, big endian fl6ating-ppint
v(0,0) 32 single precision, big endian floating-ppint
XCC(0,1) 32 single precision, big endian floating-ppint
YCC(0,1) 32 single precision| big endian floating-ppint
uy(7-1,5-1) 32 single precision, big endian floating-ppint
vo(7-1,5-1) 32 singléprecision, big endian floating-ppint

Table A.8 — Meaning of ExtInt bits

Bit position | Value Meaning
0 XCC(t,s) = s x BaselineX +\XCC(0,0)
0 (LSB) S.ignal BaselineX and X€C(0,0), the remaining (7xS)-1 XCC entries in Table A.T are not
signalled

1 The TxS XCC(t,5) entries in Table A.7 are signalled
0 YCC(t,s) s-txBaselineY + YCC(0,0)

1 Signal BaselineY and YCC(0,0), the remaining (7xS)-1 YCC entries in Table A.7 are not

signalled

1 The/TxS YCC(t,s) entries in Table A.7 are signalled

2 0 ZCC(t,s) = ZCC(0,0) and the remaining (7xS)-1 ZCC entries in Table A.7 are not dignalled
1 The TxS ZCC(t,s) entries in Table A.7 are signalled

3 0 Oxcam(©5) = Ox.am(0,0) and the remaining (TxS)-1 entries in Table A.7 are not signalled
1 The TxS Oy, (t,5) entries in Table A.7 are signalled

4 0 Oycam(tS) = By.am(0,0) and the remaining (7xS)-1 entries in Table A.7 are not gignalled
1 The TxS 0y, (t,5) entries in Table A.7 are signalled

. 0 07cam(®5) = 05.,,(0,0) and the remaining (TxS)-1 entries in Table A.7 are not signalled
1 The TS5 0;.,,,(¢,s) entries in Table A.7 are signalled

6 0 f(t,s) = £(0,0) and the remaining (7xS)-1 entries in Table A.7 are not signalled
1 The TxS f(t,s) entries in Table A.7 are signalled

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

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

9 0 sk(t,s) = sk(0,0) and the remaining (7xS)-1 entries in Table A.7 are not signalled
1 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 Contiguous Codestream box contains a JPEG Pleno codestream.

The typ¢ of a Contiguous Codestream box shall be 'jp2c' (0x6A70 3263). The contents of the'box shall b

as in Figure A.10 and Table A.9:

7

4C0dej:

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

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

Field name Size (bits) Value
Code Variable Variable
Code This field contains valid and complete JPEG Pleno codestream components as specified ip

Annexes B, C, D and E.
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Annex B
(normative)

4D transform mode

.1 General

specified and subsequently the light field decoding process is detailed.

.2 4D transform mode encoding

.2.1 High-level coding architecture

his annex describes an instantiation of 4D Transform mode encoder. Next, the codestrieam dyntax is

the 4D transform mode, the light field is encoded with a four:-step process (Figure B.1). Hirst, the
D light field data is divided into fixed-sized 4D blocks that aré independently encoded according to
predefined and fixed scanning order. However, if any light field dimensions are not multiple of such
fixed-sized 4D blocks, the sizes of the 4D blocks at the lightfield boundaries shall be truncated to fit in

the light field dimensions. The initial blocks can be furthér'partitioned into a set of non-overlapping 4D

sjub-blocks, where the optimal partitioning parametersrare derived based on a rate-distorti

bn (R-D)

iterion. Each sub-block is independently transformed by a variable block-size 4D DCT. Subsgaquently,

the transformed blocks are quantized and entropy-coded using hexadeca-tree bit plane decomlposition

grocedure is applied to each colour component independently.

All Texture Views

Figure'B.1 — 4D transform mode encoding architecture

sample (pixel) of‘the light field is referenced in a 4D coordinate system along the ¢, s, v an
Phere t and s arerepresenting the coordinates of the addressed subaperture view, and v a
ample coordinates within the subaperture images as illustrated in Figure B.2. The blocks are
h the directions ¢, s, v and u, with direction u corresponding to the inner loop of the scan. In
pseudoscode describes the scan of the 4D blocks. Each 4D block will generate a separate co

D QD = wn < N

mbedded in the codestream, which can be independently decoded in support of random accesp.

nd adaptive arithmetic encoding, producing a compressed representation of the light field. This coding

+

4D BLOCK BITPLANE ARITHMETIC | Pitstream
" PARTIONING 4D-DCT M HEXADECA-TREE ENCODER |
DECOMPOSITION

u-axes,
d u the
canned
able B.1
stream
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» S
coo
oo
° °
v v ‘v, v
° °
u
oo
v
Y

Figure B.2 — 4D structure

The 4D |block partitioning, as well as the clustering of the bit-planesZof transform coefficient - fd
efficient{ encoding - are signalled using tree structures (Figure B.3)/ The partitioning of the 4D blocK
in sub-blocks is signalled with a binary tree using ternary flags. These flags signal whether:

v =

— ablgckis transformed as is;
— is split into 4 blocks in the s,t (view) dimensions;

— is split into 4 blocks in the u,v (spatial) dimensions:

G XS XV XUy,

Key
Sn splitinode
Ln leafhode

Fid B3 Bi ing 4D-blacl ce £ 4D blocl

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-tfee with
tprnary flags is used to group the non-significant transform coefficients and thus localize the significant
transform coefficients (Figure B.5). The ternary flags signal that:

-+ either 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,

-+ orablock of transform coefficients not containing any significant coefficient at the current bit-plane
is not split,

-+ or a block of transform coefficients containing a significant coefficient at the current bitiplane is
discarded.

—

he 4D bit-planes are scanned from the most significant bit-plane’to the least significant one, where the
past significant 4D bit-plane being determined by the desiréd quantization level. Both the h¢xadeca-
Fee bits and the bits from the transform coefficients are €ncoded using an adaptive arithmetid coder.

[

L, XS, XV, XU,

()~ Sn

Sn ~ Ln

Key

W

n Splitnode
In [Kedfnode

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 codt is defined as J, = D + A R, where D is the distortion incurred when representing the origing
block by the quantized version and R is the rate needed to encode it. The procedure of Table B.5 js.used

to evaluhpte this cost.
u
[
1%

—_—

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

block can be partitioned.in. four sub-blocks each one with approximately a quarter of thie

This bldck (pictured in Figuré. B.7 and Figure B.8) will be subdivided in four sub-blocks of sizes

split (signalled withsthe spatialSplit flag) to the root node, the tree in Figure B.8 is obtained. Figure B.
illustrates the foup ways that a single view is partitioned using the spatialSplit flag, corresponding t
four nodes of Eigiire B.8. The optimal partition for each sub-block is computed by means of the recursiv
procedulre described in Table B.5 and the Lagrangian costs of the four sub-blocks are added to compuf]
the Lagrangian cost /¢ (Spatial R-D cost).

D ® O N —
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Figure B.7 — Spatial partitioning of block with spatial di sions v, xu;

.

N
N G C
\

thstlvk/ZJxluk/ZJ IR [Vk'le/ZJ) X (uk_luk/zj)

N
£ xS, % (vk-lvk/z,lg,uk/ZJ thskxlvk/ZJx(uk-luk/ZJ)
Hey \j“

O Node
§ spatialSplit flag O®
O

Figure B.8 — Hieéa{ical 4D partitioning of a 4D block with dimensions t;xs, xv;xu; using the
%\ spatialSplit flag

QO

he block Ql;e partitioned in four sub-blocks each one with approximately a quarter of t

S

T e pixels
ih the view dimensions. For example, let us consider again a block B of dimensions t,x§,xv,xu;
'Ihix (pictured in Figure B.9 and Figure B.10) will be subdivided in four sub-blocks of
sizes 21)% (8-

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 dimiensions &;xs;xv;xu;,

LXSiXVi XUy

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

(tk-ltk/ZJ) XI.Sk/ZJXVkX u, ltk/ZJx (sk-lsk/ZJ) XV, XU,
Key

(O Node
33

=

iewSplit flag

Figure B.10 <——Hierarchical 4D partitioning of a 4D block with dimensions ¢, xs;xv;xu, , using
the viewSplit flag

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,

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

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

ltk/ZJx (sk-lsk/ZJ) lek/ZJXluk/ZJ
N

e, /2% (s, s /23 0, v /2w Lu
H N
¢, /2% (s, -Ls, 2 x v, v 2 h <l 2] e /25 s 2 by, 2 x w2

Hey

() Node

NN spatialSplit flag

viewSplit flag

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

After the optimal partition tree'is found, the Encode Partition procedure (Table B.6) is called to e

B.2.3 Forward 4D-DCT

B.2.3.1 Level shift

Subsequently,<the subblocks are subject to a DCT. However, before processing the forward D|

.3.2.6¢3) is zero, all samples x(u,v,s,t) of the ith component are level shifted by subtracting t|
uantity from each sample as follows:

h
He levekshifted to a signed representation. if the MSB of Ssiz! from the LFC marker segment (sd
B
g

/2l)

Figure B.11 — Hierarchical 4D-partitioning using the viewSplit flag and the spatialSplit flag

ncode it.

CT for a

lock of source light field samples, if the samples of the component are unsigned, those samplles shall

e Annex
he same

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.

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

coefficid

B.2.4

The quantization and entropy encoding rely on the R-D optimized hexadeca-tree structure, which is
constru¢ted based on the procedure listed in Table B.7 and @hich is further discussed in this paragraph.

36

Ut i1 i=0,1 1, v=0,1 1
() (: _ _ m(2u+1)i =01, u -1 v=01..v,
X (vs.t) ‘/Za(l) ZX(U’V’S’t)COS[ 2u 's=0,1,...,s, -1; t=0,1,....t, -1
u=0 k k k
-1
7r(2v+1)j—" i=0,1,...,u, -1; j=0,1,...,v, ~1
X( )(1 ]’St \/7 ZX IVSt COS[ 2y P =01 s —1. +=01 t —1
L K i [ k 7 13
X(uvg) .. \/7 Sk_lX(uv) .. 7[(25+1>p i:0,1,..., uk_l7 j:0,1,...,vk—1
(lajap’t)_ Sk (X(p)g (l,j,s,t)COS ZSk ) p:0717-..75k_1; tZO,l,...,tk—l
tk—l . ) 7
1. _ (wvs) (; m(2t+1)q (=01, u -1 =0,1,. v, -1
X(itj-p.a) ﬁa(q)gx (”f’p’t)cosl 26, | p=01,...5,-%,4=01...t, 1

[

nts are represented as 32-bit integers. As indicated earlier, the transform order is arbitrary.

Duantization and entropy encoding.

is uniquely represented by a series of ternary flags: lowerBitplane, splitBlock and zeroBlod
.44). The hexadeca-tree is built by recursively'subdividing a 4D block until all sub-blocks reac

DS o

ed:

Lower the bit-plane: in this case) the descendant of the node is another block with the samle
dimensions as the original one but represented with precision bitplane-1. This is used to ind
cate for all pixels of the block'that the binary representation of their magnitudes at the currer
bitplane and above are zero. This situation is encoded by the ternary flag value lowerBitPlane.

ot

Split the block: in®his case, the node will have up to 16 children, each one associated to a suh
block with appraximately half the length of the original block in all four dimensions. For exampl¢,
a block B of size t; xs,xvxu, can be split in the following sub-blocks:

Boooo of size (Lt,/2] = Lsy/2) x Lvy/2] x |luy/21),
Byooiofsize (Lty/21 x Lsy/21 x vy/2] xuy-luy/2]),

By, of size (Lt,/2] x |s,/2] xv,-lv, /2] x lu,/2]),

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),
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).

There are 16 possible sub-blocks, but depending on the size of the parent block, sorhe
descendant sub-blocks will have one or more of their lengths equal to zero and shall be

value splitBlock (Table B.44).

situation is indicated by the flag value zeroBlock (Table B.44).

—

he procedure described in Table B.7 recursively subdivides the input/block, as determine
brnary flags in the segmentation string until a 1x1x1x1 4D block-size-is\reached.

—

eviiil @il @ Vil lon)

h the segmentation string. Then the magnitude of the single coefficient of this block is encode

coder with a different context information for each bit. If the coefficient is not zero valued, i
i$ encoded as well.

he rate and the distortion achieved dependeavily on the choice of the segmentation tree a

of these
skipped.

All descendants have the same bit-depth as the parent. This situation is indjicated by|the flag

iii) Discard the block: the node has no descendants and is represented by an-all-zeros black. This

i by the

iven a particular hexadeca-tree, specified by a unique segmentationString of ternary segmentation
ags together with a particular block, the data can be encoded by means of the recursive prjocedure
escribed in Table B.8. The inputs to this procedure are the.transformed block to be encoded| and the
ptimal partition string. It recursively subdivides the input-block, as determined by the terngry flags

H one bit

a time, ranging from the current bit plane to the minimumaBitplane (Table B.8), using an arfithmetic

Ls signal

5 well as

the data itself, and those should be matched. The procedure described in Table B.7, recursively|chooses

the optimal segmentation tree to use in“the encoding of a given block in a rate-distortion se

ariables J, and J; both set to infinity and the full transformed input block. The transformed

nse. The

ptimization works as follows: it.starts with bitplane=maximumBitplane, segmentationString=null,

block is

scanned and all its coefficients are compared to a threshold given by 2bitrlane_ [f the magnitudes of

y this recursive call-are the new Lagrangian cost /), and a rate-distortion optimized segm

Il of them are less than the' threshold, the optimization procedure is recursively called yith the
spme block as input, but with a bitplane value decreased by one (bitplane-1). The values jeturned

entation

string lowerSegmentationString. However, if any coefficient is above the threshold, the transformed

lled recursively for each sub-block and the returned Lagrangian costs are added to obtain

splitSegmeérntationString.

nothef-Lagrangian cost J, is evaluated considering the resulting cost if the block was repla
lack entirely composed of zeros. The lowest cost is chosen, and the segmentation string is up

lock is segmentédinto up to 16 sub-blocks as previously described. The optimization procedure is

the new

agrangianqc0st J;. The segmentation strings returned from these calls are concatenated to form the

ced by a
dated as

fottows:

— If the minimum cost is /), the input segmentation string is augmented by appending a flag

lowerBitplane followed by the lowerSegmentationString.

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

followed by the splitSegmentationString.

— Ifthe minimum cost s J,, the input segmentation string is augmented by appending a flag zeroBlock.

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

re processing the individual 4D blocks is listed

in Table B.1.

Table B.1 — 4D block scan procedure

LightField () {

SOC _madker ()

Write SOC marker

LFC magker ()

Write LFE&-marker

scaling factor equal to 1.

Write §CC marker () for every colour component not having a global

Write S€Cmarker for colour comt
ponentof which the global scaling
fdactor is different from 1

e

D

PNT mapker () Write PNT marker
for (t=(; t<T; t+=BLOCK-SIZE t ){// scan order on t S?anorderont[Tdeﬁnedln[ﬂght
- Field Header box)
Scan order on s (S defined in
for (4=0; s<S; s+= BLOCK-SIZE s){ // scan order on g
Light Field Header box)
Scan order on v (V defined in
foxq (v=0; v<V; v+= BLOCK-SIZE v){ // scan orde¥ on v
Light Field Header box)
Scan order on u (U defined in
for (u=0; u<U; u+= BLOCK-SIZE u){ //¢scan order on
Light Field Header box)
for (c=0; c<NC; c++){ // scan;drder on colour components |Scanorderonc(colourcomponent
SOB marker () ; Write SOB marker

if ( (TRNC) && ((T - BLOCK-SIZE t) < t < T) ) {
tk = T umod BLO@KSTZE t; }
else tk = BLOCK-STIZE t;

Block size computation

if ( (TRNC) &&\[«S - BLOCK-SIZE s) < s < S) ) {
sk = S _4mpd BLOCK SIZE_s; }
else sk ©,BLOCK-SIZE s;

Block size computation

if (_¢FRNC) && ((V - BLOCK-SIZE v) < v < V) ) {

A7k = V umod BLOCK SIZE wv; }

€lse vk = BLOCK-SIZE v;

Block size computation

if ( (TRNC) && ((U - BLOCK-SIZE u) < u < U) ) {

uk = U umod BLOCK SIZE u; }

else uk = BLOCK-SIZE u;

Block size computation
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Padding (LF.BlockAtPosition(t, s, v, u));

fieldif needed. If TRNC =
will be no pixel outside

have no effect.

Fills the pixels outside the light

=1, there
the light

field, and Padding (Table B.2) will

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

colour component ¢),,

Initializes the ari \tic coder
InitEncoder () for each coded [ strgam
(Table B.13) ) -
Encode (LF.BlockAtPosition(t, s, v, u), lambda) ‘O\b{
} // end of scan order on colour components loop y{\J
[
} I ,\-J
) R%2
) O
2
<< )
Table B.2 — 4D block p%gng procedure
>
Procedure Padding (block) { Q)\ When TRNC == 0 and a block ex-
\\'Q ceeds a light field dimenkion, the
$ exceeded block pixels are f{lled with
X% block values at the light fie|d border
| £ (t+tk > T) { )
e\
for(ti = T; ti<t+tk; ++ti) { W\
L . . B Dy e hY
for(si = s; si<s+sk; ++51,l\\$)

for(vi = v; vi<v+vk; j#vi) {

for(ui = u; ui<u ; ++ul) |

2N

block[ti—t]@vs] [vi-v] [ui-u]
= blog@*t—l] [si-s] [vi-v] [ui-u]

_chéisk > 8) |

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]
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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) {

. . B . .
Tor{or — o, UI~Orurk; T +tor) 1

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

= block[ti-t] [si-s] [V-v-1] [ui-u]

N’
A~
} N
} O -
} N\
if (utdk > U) { O\U\
for (i = t; ti<t+tk; ++ti) { &\J
fo(si = s; si< s+sk; ++si) { </ P
flor (vi = v; vi< v+vk; ++vi) { OQ\
for (ui = U; ui< u+uk; ++ui) { \\\‘
block[ti-t] [si-s] [vi-Vv] [ui-u] 5\\)’
= block[ti-t][si-s] [vi-v] [U-u-1] ,{(\Q)
) RN
N
} S
) .OF

Q-
TabkaB — 4D-DCT block coefficient component scaling
[o2)

Procedy

re ScaleBl@;iock) {

e \d

Scaling of the 4D-DCT coeffi}
cients components by Spscc (se¢
B.3.2.6.3)

. Vv .
for (ti |= O;@tk; ++ti) |

i &

for (4 ~

(5; si< sk; ++si) {

)

fold g Yep 4agi)

t

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.
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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

Q
Table B.5 — 4D block partition optimization procedure q/q/

q/'\

Procedure OptimizePartition(block, lambda) {

Findsthe 9@%'511 4D-blockipartition

blockDCT = 4DDCT (block);

Transf@iﬁqé’d block (usin
An’r-lea,c.6.3.2 definitiong)

0Q

ScaleBlock (blockDCT) ;

‘aling of the 4D-DCT coeffi-
nts components by Spscc (see
"Table B.3)

if ( (tb,sb,vb,ub) == (tk,sk,vk,uk) ){ g\\J If the block size is equgl to the
, O maximum block size
EvaluateOptimalbitPlane (MinimumBitPlane, block, bda) ; Defined in Table B.11

set MinimumBitPlane to the optimal value fc\nQd\;/

set partititionString = ""; k\}’\\
: 2
segmentationString = ""; \\Q
J0 = OptimizeHexadecaTree (block, max@BitPlane, lambda, Defined in Table B.7
segmentationString); ~
JS = infinity; \L\V
if((vb > 1)&&(ub > 1)) { ‘\\CJ\ If spatial dimensions (ub, yb) of the
block are greater than the prede-
. fined minimum then segments the
@ blockinto 4 (four) nonovqrlapping
C)() sub-blocks (spatialSplit flag - Fig-
AL ure B.7, Figure B.8 and Taple B.30)
v'b = floor (@9{;
u'b = flcy\@\b/m ;

partiti@}(rings = nn,

Js ?ﬁ}cimizePartition (Block.GetSubblock (block,
% 0,0,0,0,tb,sb,v'b,u'b), lambda);
L

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

%}é +=

Points to the sub-block position;

ptimizePartition (Block.GetSubblock (block,
0,0,0,u'b,tb,sb,v'b,ub-u'b), lambda);

Returmsthe-Spatiattagrangian

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;
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Table B.5 (continued)

if((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);

pagtitionStringv = "";

aN

JV| =
OptimidePartition (Block.GetSubblock (block,
0,0,0,0,t'b,s'b,vb,ub), lambda);

Points to the sub-block posi ,Lﬁe-
turns the View Lagrangian cost

r\b‘,

Jv [+=
OptimigePartition (Block.GetSubblock (block,
0,s'b,0,0,t'b,sb-s'b,vb,ub), lambda);

. O -
Pointsto the sutgég\o& position; Ret

turns the Vievrb rangian R-D cosf

Jv [+=
OptimidePartition (Block.GetSubblock (block,
t'b,0,0,0,tb-t'b,s'b,vb,ub), lambda);

Z
Points \b:&é sub-block position; Ref
tur View Lagrangian R-D cosf

A

JV |+=
OptimigePartition (Block.GetSubblock (block,
t'b,s'b,0,0,tb-t'b,sb-s'b,vb,ub), lambda);

PN

"Points to the sub-block position; Ret
turns the View Lagrangian R-D cost

} R

q
N
\<2O

N
%

if((Jo < JS)&s (J0 < JV)) { \Y

N

Returns: transform flag (Figt
ure B.11, Table B.30)

o
pagtitionString = cat(partitionString, tggﬁsformFlag);

reflurn partitionString, J0; XS)

Returns the Lagrangian cost of
transforming the block and thd

transform flag (Figure B.11]
Table B.30)

2

|

} ~

if ((Is < J0)ss (IS < JV)) ‘{,-p

pajtitionString = ca?ﬂsg?%itionString, spatialSplitFlag);

reflurn partitionStg&ﬁb, JS;

R

—

Returns the Lagrangian cost o
the spatial segmentation and th¢

spatialSplit flag (Figure B.11|
Table B.30)

} .AQ '

iE((Jv 2&;}&&(&7 < J0)) |

pazﬂ%?fbnstring = 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)) {

maximum block size

If the block size is equal to the

point to the start of the partitionString;

}

N‘
Qb

get the partitionFlag at the current position of the
partitionString;

Y

advance the pointer to the partitionString by one position;

b"/
)

.

if (partitionFlag == 0) EncodeBit (0,0);

"F;(Iljrﬁits the partitionH

lag;

if (partitionFlag == 1) {

N

EncodeBit (1,0) ;

C)U

v

EncodeBit (0,0) ;

g\\
O

}

if (partitionFlag == 2) {

Y
oV

EncodeBit (1,0);

\\\\

EncodeBit (1,0) ;

L\

®v

N

OptimizeHexadecaTree (block, lamb@é@‘ﬁaxBitPlane);

Defined in Table B.7

set the segmentationStrianoin§§) to the start of the

P\

segmentationString;

EncodeHexadecaTree(block(4$$§BitPlane);
d

Defined in Table B.8

-

}

.

“\
N

if (partitionFlag :=<§§étia18plitFlag) {

v'b floor(zgﬁ:)f

u'b floo@fﬂz);

EncodePzé%)fion(Block.GetSubblock(block,
0,§}~ ,0,tb,sb,v'b,u'b));

E ePartition (Block.GetSubblock (block,

‘(§?~ 0,0,0,u'b,tb,sb,v'b,ub-u'b));

qs\‘EncodePartition(Block.GetSubblock(block,

0,0,v"'b,0,tb,sb,vb-v'b,u"™0));

EncodePartition (Block.GetSubblock (block,
0,0,v'b,u'b, tb,sb,vb-v'b,ub-u'b)) ;

}

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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0

Table B.6 (continued)

,$'b,0,0,t'b,sb-s'b,vb,ub));

EncodePartition (Block.GetSubblock (block,
t'b,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)) ;

}

lambda

return;
} AN
>’
Vv
Table B.7 — 4D block hexadeca-tree optimization procedure ,\Q)
'
Procedyre OptimizeHexadecaTree (block, bitplane, Recursive H eca-tree optimif

segmentationString) {

zation procegdure

if (b

tplane < InferiorBitPlane) {

N\

ref

q

urn the sum of the squared values of the coefficients

f the block;

E@,}‘of the block
(N

(\/
S,

1f (th

e block is o size (tb,sb,vb,ub) (1,1,1,1)) {\\‘<

If the block size is 1x1x1x1 then

est

[«

imate the rate R to encode the remaining bitsgbé‘the
oefficient, from bitplane down to MinimumB&Q;&ane;

estimate the rate (R) to encod¢
the coefficient

evy

€

luate the distortion D, as the squared er 8}>between the
oefficient represented with minimumBLQggane precision

nd the full precision coefficient; _

evaluate the distortion D;

is

reflurn J = D + lambda x r \k\v return the Rate-Distortion cost
) WO
RN
J0 =|infinity; .
Jl =|infinity; /\@
if (Yhe magnitude of any %é&icient of the block H{helnagnﬁudeofaHeknnentsof

less than 1 << biQp%ane) {

1

the block are smaller than 2bitplang

loy

erSegmentationsS 6%56 ="";
=)

The lower segmentation string
is null

JO |= Optimize évbecaTree(block, bitplane-1, lambda,
lowygskgmentationstring);
} =
else |{ &Y\ Subdivides the block in at most 14
% non-overlapping sub-blocks t'b,
Sb,vband ub (Figure B.11J 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 = nseqg u = 1;
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Table B.7 (continued)
f(t'b > 1) nseg t++;
if(s'b > 1) nseg s++;
if(v'b > 1) nseg v++;
f(u'b > 1) nseg u++;
splitSegmentationString = “ %; The split segmentation stringis null
Jl = 0;
fortt——0—t TSTg— T N
for(s = 0; s < nseg_s; s++) { r£1;\
for(v = 0; v < nseg v; v++) | ) >
for(u = 0; u < nseg_u; u++) { N;T ’
new t = txt'b + (1-t)x(th-t'b); A
new s = sxs'b + (l-s)x(sb-s'b); (\h\\
new v = vxv'b + (1-v)x(vb-v'b); /C) v
new u = uxu'b + (1l-u)x(ub-u'b); §§/
get subBlock from block. qb The subBlock size is (new]t, new_s,
\ new_v, new_u) the pogition is
(txt'b,sxs'b,vxv'b,uxu'b)
Jl += <(
ptimizeHexadecaTree (subBlock, bitplane, lambda, QQ
splitSegmentationString) ; “
J 72
) BN
) oY
) N\
J2 = 0; “\0
J2 = sum of the squared valu§§35% the coefficients of the Energy of the block plus the La-
lock + Q grangian multiplier times the

+ lambda x rate to engode flag zeroBlock flag;

rate to encode the zeroBlock flag

(Table B.30).

JO0 += lambda x rate(ff)encode the lowerBitPlane flag ThecoﬁioencodeﬂuﬂommrBﬁpbne
Flag (Table B.30).
J1l += lambda X\%% to encode the splitBlock flag The cost to encode the S])litBlOCk
P flag (Table B.30).
i£(J0 < I J0 < J2) |
segm ionString = cat (segmentationString,
| owerBi ane,
werSegmentationString);
c:}‘e‘turn J0, segmentationString Return§ the Lagrangiap cost z_md
the-eptimal segmentation string
}
if(J1 < J0 && J0 < J2) {
segmentationString = cat(segmentationString, splitBlock,
splitSegmentationString) ;
return Jl, 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

Procedy

=e—EncodeHexadecalree{block —bitplener{——

the hexadeca-tree structur?.ﬁ\z

associated flags.

2N

if (biytplane < InferiorBitPlane) return

Below the lowest leveln".l/

if (tje block is of size (tb,sb,vb,ub) == (1,1,1,1)) {

| 4
ol

EndodeCoefficient (block, bitplane);

Defined in M@)

}

(L\

positidn;

get tfhe segmentationFlag at the current position of the Q/
segmenflationString; \\
advarjce the pointer to the segmentationString by one X

N

Ps

N

EncodeBit ( (segmentationFlag>>1) & 01, 33 + 2Xbitplane);0<<

Transmits the segmentationFlag
(Table B.12)

UpdatfjeModel ( (segmentationFlag>>1) & 01, 33 + ZXbit?‘l&\e}; Defined in Table B.42
. N
if ((degmentationFlag>>1) & 01 == 0){ \\'Qv
EndodeBit ( (segmentationFlag & 01), 34 + ZFfﬁ‘\tplane); Defined in Table B.12
UpdateModel (segmentationFlag & 01), 34 di\Q‘lx‘bitplane); Defined in Table B.42
) Y
if (sqgmentationFlag == zeroBlock)Sf\@:n;
if (degmentationFlag == lowe gPlane) { Lowersthebit-plane
EnqodeHexadecaTree (bloc}.@i\tplane—l) ;
) o
if (EegmentationFlag\%\gplitBlock) {
t'd = floor (tb/AND
s'ky = floor(‘s\QQ-Y;
vy = floo\(})%a‘/Z);
u' = £159% (ub/2) ;
HSGQ%N nseg_ s = nseg v = nseg u = 1; N_umbe_r of segments in each 41
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._t,
new_s, new_v, new_u) the posi-
tion is (txt'b,sxs'b,yxv'b,uxu'b)

EncodeHexadecaTree (subBlock, bitplane); y\
P ¥
A
} le/
) 7
} v
O\
} -
} vV
~

&

Table B.9 — 4D block hexadeca-tree én@ode coefficient

Procedure EncodeCoefficient (coefficient, bitplane)Q N

Uses the arithmetic enfoder to

N encode the coefficient bit psing the
&Q\ value of the bit-plane as fontext.
Magnitude = |Coefficient]; Q) N
\f\‘
for (bitplane counter=bitplane ; $’\\.
bitplane counter>=MinimumBitPlane ;.\Q)
bitplane counter--) { .
CoefficientBit = (Magnitude >>\b{tplane_counter—
MinimumBitPlane) & O01H; e

EncodeBit (CoefficientBit @Q‘ﬁlane_counter) ;

Transmits CoefficientBit
(Table B.12)

[ N .
} r\$\

if (Magnitude > 0) ()\J

if (Coefficient@O) EncodeBit (0,0) ;
~\

Transmits signal (transmits '0")
(Table B.12

else Er@‘@Bit (1,0);

Transmits signal (transpmits '1")
(Table B.12)

&
} O\?

&
$

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

Procedure EncodeMinimumBitPlane () {

Encodes the 8-bit unsigned rep-
resentation of the maximum num-
ber of bit-planes minus 1.

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

Procedure EvaluateOptimalbitPlane (MinimumBitPlane, block,
lambda) {

Returns the minimal bit-plane

for thgq current pixel;

Jmin = infinity;
MinimumBitPlane = MaximumBitPlane:

AcumylatedRate = 0.0; '\
for (itplane = MaximumBitPlane; bitplane >= 0; bitplane--) { [2)\ v
: : Vv
Digtortion = 0.0 . fl,*

fox all pixels in block { .AQD‘
AcumulatedRate += rate to encode bit at current bitplane r\\

Oistortion += distortion incurred by encoding the
curreny pixel with bitplane precision

d =

Distortion + lambda x AcumulatedRate;

.\0
Table l{]}l — Encode bit procedure

£ (J <= Jmin) { k\VJ
MinimumBitPlane = bitplane; l N
V4
‘n = T \Y
Jmin J; QO
N
} >
©
| RS
retuyn (MinimumBitPlane) ; &
) R4
xO

Procedyre EncodeBit (inputbit, @bllndex) {

O

N

Encodes the bit that composes th¢
codestream (for modellndex se¢
Table B.31)

threghold = floor (((t UinferiorLimit + 1) x

acu Freq_l[modellré‘ )/ (inferiorLimit - superiorLimit + 1))
4
length = floor( eriorLimit - inferiorLimit + 1) x
acymFreq 0 [m& Tndex]) /acumFreq_l [modelIndex])

if (inputbit \<=)‘6)‘ superiorLimit inferiorLimit + length - 1;

elde in& 16rLimit = inferiorLimit + length;
Vi

\)
whildg (g&% of inferiorLimit == MSB of superiorLimit) ||
((nferiorimit >= 4000H) and (superiorlimit < COQ00H )) {
1if (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 = ScalingsCounter - 1;

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
superiorlLimit = superiorLimit << 1; Shifts a zero into the LSB
superiorLimit = superiorLimit+1;
illLCLiULLillliL - illLCLiULLillliL OUUVUIL,
N
superiorlLimit = superiorLimit ~ 8000H; r\(]/\
ScalingConter = ScalingCounter + 1; A
Y =
} N’
w
) e
\\
(@)
M
Table B.13 — Init encoder proce
[

Procedure InitEncoder() { . (S\ Initializes the ArithmetidEncoder
inferiorLimit = 0; <\‘< Inferior limit of the intervjal length
superiorLimit = FFFFH; \Q Superior limit of the interval length
ScalingsCounter = 0; ‘\\}'\\

2
N
¥
Table B.{@— Flush encoder procedure
ad

Procedure FlushEncoder () { ‘\(}\ When the encoding is complete, the
C)\ bits in the buffer must be moved
. to output codestream pefore a
A@ terminating marker is generated.

mScalingsCounter++ ,(-p

if(inferiorLimitﬁo\ZOOOH)
bit = 1; %\(O
else
Q
bit = &i{‘
trans@‘bit;

i i >
w}l% ScalingsCounter 0) {
Q%ransmits (1-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.

© ISO/IEC 2021 - All rights reserved 49


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

ISO/IEC 21794-2:2021(E)

— Codestream syntax —>
bits
Y |
| | %
I -
| A 4 | 9
: =
g ! Arithmetic Decoding ! E
3] | 15}
£ | =
< | A\
S | bits context bits context NS
! information information o
|
i ~ 4D-block : ficient !
! 4D Block partition tree | 4D bit-plane coetlicients !
| Partitioning Hexadeca-tree 4D-IDCT —‘—*:
| Decoding Decoding i
| |
i |
l .

Figure B.12 — 4D transform mode light field decoder architecture

B.3.2 (odestream syntax

B.3.2.1 | General

This secftion specifies the marker and marker segment syntax and semantics defined by this document.
These mparkers and marker segments provide(godestream information for this document. Furthe
this subjclause provides a marker and marker segment syntax that is designed to be used in futun
specificqtions that include this document as'@ normative reference.

[CHER]

This dofument does not include a definition of conformance. The parameter values of the synta
describgd in this annex are not intended to portray the capabilities required to be compliant.

<

B.3.2.2 | Markers, marker segments, and headers

This dogument uses markers and marker segments to delimit and signal the characteristics of the
source image and codestream. This set of markers and marker segments is the minimal informatiop
needed o achieve thé&features of this document and is not a file format. A minimal file format is offered
in Annexes A and B.

Main hehder is'collections of markers and marker segments. The main header is found at the beginning
of the cqdéstream.

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

021(E)

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 segm
designated by the three-letter code of the marker associated with the marker segment. The pa

indicate a run of several of these parameters.

8-bit parameter
16-bit marker 32-bit parameter Run of n parametg

ents are
rameter

slymbols have capital letter designations followed by the marker's symbol in lower-case.l¢tters. A
rectangle is used to indicate a parameter's location in the marker segment. The width of the rectangle
i$ proportional to the number of bytes of the parameter. A shaded rectangle (diagonal stripes) indicates
that the parameter is of varying size. Two parameters with superscripts and a grey area petween
i

| VAN
By

Bmar Crmar “Dmar’{ Emar! Ema3

SLmar
Amar
N

Lmar

MAR

rn

Variable size parameter

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

he figure is followed by a list that describes-the meaning of each parameter in the marker §

epresents the size of the length parameter SLmar (Table B.15). The third rectangle repres
ength parameter Lmar. ParametersiAmar, Bmar, Cmar, and Dmar are 8-, 16-, 32-bit and variab
espectively. The notation Emar! iniplies that there are n different parameters, Emari, in a row.

o Bl Bl et e I

fter the list is a table thatieither describes the allowed parameter values or provides refer
ther tables that describe these values. Tables for individual parameters are provided to desc
arameter without a simple numerical value. In some cases, these parameters are described

alue in a bit field. lo-this case, an "x" is used to denote bits that are not included in the specifi
he parameter or@ub-parameter in the corresponding row of the table.

< O

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

Value (bits)
MSB LSB

Parameter size

egment.

f parameters are repeated, the length and \nature of the run of parameters is defined. As an ¢xample,
h Figure B.13, the first rectangle represents the marker with the symbol MAR. The second rpctangle

ents the
e length

ences to
ribe any
by a bit
Cation of

xxxx xx00 I pngfh parameter is 16 bits

xxxX xx01 Length parameter is 32 bits.

xxxx xx10 Length parameter is 64 bits.

All other values reserved

B.3.2.4 Defined marker segments

Table B.16 lists the markers specified in this document.

© ISO/IEC 2021 - All rights reserved
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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 cpdestream EOC OxFFDY Not allowed Not allowed

B.3.2.5 | Construction of the codestream

Figure B.14 shows the construction of the codestream. All of the solid lines show required marker
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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SocC
LFC
- 4 SCC, colour component 0 ‘
Main header -
- PNT
SOB

Bitstream Block 0, colour component 0

4D Block 0
SOB
Bitstream Block 0, colour C(}@Xent NC |
SOB
Bitstream B&g( N-1, colour component 0
4D Block N-1
SOB
r Bitstream Block N-1, colour component NC
Endof
Codeéstream 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.
SOC marker code
Table B.17 — Start of codestream parameter values
—Field-mame Size ('uita) Yatue
SOC (Start of Codestream) 16 0xFFAOQ
B.3.2.6.8 Light field configuration (LFC)

Function: Provides information about the uncompressed light field such as the.width and height of

the sub:q
compon
coefficid

— LIf¢

— ROWS (T): The value of this parameter indicates the number of rows of the subaperture view array.

This

— COoL
viey

— HEI
asa

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

asa
— NC:
big-
Ligh

colgur images is R-G-B-Aux or Y-U-V-Aux.

— Ssiz
(i.e.
If t
-2(9

occuirrence efthis parameter for each component. The order corresponds to the component's index,

star

iperture views, number of subaperture views in rows and columns, number of components,
ent bit depth, number of 4D blocks and size of the 4D blocks, componentbit depth for transform

nts (Figure B.15):

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

field is stored as a 4-byte big-endian unsigned integer,

[

UMNS (S): The value of this parameter indicates the'number of columns of the subapertur
U array. This field is stored as a 4-byte big-endianssigned integer.

GHT (V): The value of this parameter indicatesthe height of the sample grid. This field is stored
4-byte big-endian unsigned integer.

4-byte big-endian unsigned integer{

This parameter specifies the number of components in the codestream and is stored as a 2-byte
endian unsigned integer. The\value of this field shall be equal to the value of the NC field in thie
t Field Header box. If ne ‘Channel Definition Box is available, the order of the components fqr

i: The precision js\the precision of the component samples before DC level shifting is performefd
the precision~0f the original component samples before any processing is performed).
e component-sample values are signed, then the range of component sample values is
siz+1 ANDVOXx7F)-1 < component sample value < 2(Ssiz+1 AND 0x7F)-1 - 1. There is one

ting Wwith zero.

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

procedure 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:

54

Fixed.
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LFC 2 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® max_bitplaneN¢-1
Key
FC marker code
Ifc size of Llfc parameter
Lifc length of marker segment in bytes (not including the marker)
ROWS (T) number of rows of the subaperture view array
(JOLUMNS (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 saniples
N_4D number of 4D blocks in which the light field is segmented
BLOCK-SIZE_t size of the 4D block in the t direction - number oftdws of the view array
BLOCK-SIZE_s size of the 4D block in the s direction - numbef,6f'columns of the view array
BLOCK-SIZE_v size of the 4D block in the v direction - height'of the views
BLOCK-SIZE_u size of the 4D block in the u direction - width of the views
max_bitplane! precision (depth) in bits of the ith component for the transform coefficients
TRNC flag indicating that 4D blocks with*dimensions spanning the full available light field dimensions
have their sizes truncated to fit\in the light field dimensions
FC marker code
lefc size of Llfc parameter.
Figure B.15 — Light field configuration syntax
Table B.18 — Formmat of the contents of configuration parameter set for the 4D coding
Field name Size (bits) Value
LFC 16 0xFFA1
SLlfc 8 0
Llfc 16 42 to 32808
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
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
tox010 0101 respectively (counting the sign bit, if appropriate).
0XXX XXXX Component sample values are unsigned values.
1XXX XXXX Component sample values are signed values.

All other values reserved for ISO/IEC use.

B.3.2.6.4 Colour component scaling (SCC)

Function: Describes the global scaling factor used for a:¢elour component (Table B.20). If this marke

segment

colour cpmponent shall be 1.

Usage: |
Length:

ScC

SLscc

Lscc  length of marker segment in bytes (not including the marker)

Cscc

Table B.20 shows the size and values of the symbol and parameters for the quantization compa

wn =

is not signalled for a specific colour component, the value of the global scaling factor for thi

flain header. No more than one per any«given component may be present. Optional.

Variable depending on the numberef colour components.

marker code

nent marker segment.

ize of Lscc parameter

.scc = 6 for,NC < 257; Lscc = 8 for NC = 257

ndex'of the component to which this marker segment relates

[ie’components are indexed 0, 1, 2, etc. (either 8 or 16 bits depending on NC value defined in thie

LFC marker segment).

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

F
(

U

(s

L

Field name Size (bits) Value
ScC 16 0xFFA2
SLscc 8 0
Lscc 16 6o0r8
Cscc 8 0 to 255;if NC < 257
0 to 16383; if NC = 257
Spsee 6 FableB-21

Table B.21 — Quantization values for the Spscc parameter

Value (bits)

MSB

LSB

Scaling factor values

to

xxxxx111 1111 1111

xxxx x000 0000 0000 mantissa of scal

ing factor value

to

0000 0xXXX XXXX XXXX

1111 1XXX XXXX XXXX

exponent of scaling factor yahie

Table B.22).

ength: Variable.

.3.2.6.5 Codestream pointer set (PNT)

SLpnt

PNT Lpnt

Lpnt

Spnt

unction: Provides pointers to the codestream associated each 4D block to facilitate efficier

fsage: Optional. If present, must be jricluded in the main header between the LFC marker
and the first SOB marker segment defined in this document. Only one PNT marker segment
imbedded in the main header (Figure B.16).

t access

segment
shall be

7

A\

ey
NT™\ ‘marker code

Lpnt

S

PPntic

NOTE 1

Luynt  size of L nnt narameter
r r r

pnt  size of the PPnt parameter

9+4-N 4D Spnt=0
Lpnt =
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
PN'1 16 OxFFAS3
SLpnt 8 2
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) :
Parametér size
MSB LSB
xxxx xxx0 PPnt parameters are 32bits.
XxxX xxx1 PPnt parameter are 64bits.
All other values reserved.

B.3.2.6.6 Start of block (SOB)

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

[

Usage: very 4D block header. Shall be thefirst marker segment in a 4D Block header. There shall be §
least on¢ SOB in a codestream. There shall be only one SOB per 4D block.

Length:|Fixed.

SOB markercode

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

Eieldname 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.
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Length: Fixed.
EOC marker code

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

021(E)

Field name Size (bits) Value

EOC 8 0xFFDO9

.3.3 Codestream parsing

he procedure to parse and decode a light field codestream as contained by the Contiguous Codestream

ox (Annex A.3.4), with dimensions (max_t, max_s, max_v, max_u) defined as ROW, COLUMN,

HEIGHT

nd WIDTH in Figure B.15 (Table B.18), with block dimensions (¢, s;, v}, u;)defined as BLOCK-SIZE _t,

LOCK-SIZE_s, BLOCK-SIZE_v and BLOCK-SIZE _u in Figure B.15 (Table B.18), with a maximum|

< O

ariables are integers). The scan order is in the order t, s, v, u, as described’in Table B.26.

—

he coordinate set (t, s, v, u) refers to the left, superior corner~of the 4D block. The pr
ResetArithmeticDecoder()” resets all the context model probabilities of the arithmetic deco
rocedure “LocateContiguousCodestream” reads the pointér corresponding to position (ts
elivers the respective codestream to procedure “DecodeContiguous Codestream()”. The pr

«

2 O T

wv_ O

equentially.

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

number

f bit-planes of max_bitplane (defined in Figure B.15 (Table B.18)), is described in the pseudo-fode (all

ocedure
der. The
v,u) and
ocedure

DecodeContiguousCodestream()” decodes the componernts of the block contained in the codestream
nabling the sequential decoding of light field. The)codestreams of the components are decoded

Defined syntax Simplified st

ucture

LightField () {

SOC_marker () Codestream_H
LFC marker ()
Read all SCC marker ()
PNT marker ()

eader()

for (t=0; t<T; t+BLOCK-SIZE t ){// scan order on t Codestream_B

for (s=0; s<S;5+= BLOCK-SIZE s){ // scan order on s
for (v=0,~¥£V; v+= BLOCK-SIZE v){ // scan order on v
ford{h=0; u<U; ut= BLOCK-SIZE u){ // scan order on u

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

// Initializes the arithmetic decoder for each decoded 4D
lock\jedodestream

ResetArithmeticDecoder () ;

ody()

TITIdS The COrTESpoNaing 240 DIOCK COUesStream ftor 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 < U) ) {

uk = U umod BLOCK-SIZE u; }
else uk = BLOCK-SIZE u;

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

/ end of scan order on s loop

Y/

end of scan order on t loop

EOC_nf

arker () Codestream_End()

B.3.4 4D partitioning general structure

B.3.4.1

The datz
The viey
view, as

B.3.4.2

The roo
a series

— A
{s]
by
-]
Fi

Asix Wi/ 20 % Lugl 21t xsix (Vi v/ 20 )% L /2, texsix v/ 20 x(ug— Lug, /21 ) and txsx (vi = vy /21 )% (1

General

isets (the all texture views in Figure B.1) areicomposed by 4D light fields of dimensions txsxvxi.
vs are addressed by the s,t coordinates pair, while the u,v pair addresses a pixel within each st

pictured in Figure B.6.

Partition tree decoding

node of the tree correspondsto a full txsxvxu transform. The partition tree is represented bjy
pf ternary flags:

spatialSplit flag indicates that a t;xs;xv,xu, block is segmented into a set of four sub-block
batialSubblock(; spatialSubblock1, spatialSubblock2 and spatialSubblock3}, of dimension|

v wn

=~

u,/21) respectively, where D/2 indicates the largest integer smallest than or equal to D/2.
rure B.7,Figure B.8 and Figure B.17 illustrate the results when applying the spatialSplit flag;

— Ay
Vi

iewSplitflag indicates thata t;xs; xv, xu; block is segmented into a set of four sub-blocks {ViewSubblock ,
PWSubblock1, viewSubblock2 and viewSubblock3}, of dimensions Lt;/2]x Ls;/ 2] xvixuy, (-1

i/ 23 TS 2=V, T 2 G Sy 2RV, and TS X (V) — W/ 2%, — 0/ 24y, and. (6= -

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

60

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 -434/2] (vy-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]).

lu,/2]| =312

(velvs2h = 2173 - - ______
- - ______________ )
- - _____________
‘m w8
“u, $)

Figure B.17 — Example of‘a 4D block with dimensions ¢, xs;x(v, - v} /2 ])xL u;/2 | (in|grey)
sup&) osed to a 4D block with dimensions &;xs;xv;xu,
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Figu

______

______

______

______

____________

¢ e /2]

______

____________

ol ilw]

s,/2]=4

re B.18 — Example of a 4D block with dimensions (&L ¢;,/2 1)x| s;,/2 | xv;xu,, (in grey)
superimposed on a 4D block with dimensions &, xs;xv;xu,

______

______

______

______

B.3.4.3 | Contiguous codestream of a 4D-block
For a citiguous codestream of a 4D-block with size tkxskxvkxuk, a 4D-block partitioning decoding
procedulre is performed (DecodeContiguous€odestream), that uses the recursive procedure “Procedure
DecodeRartitionStep”, both defined in Table:B.27 and Table B.28.
Table B.27 —Decode contiguous codestream procedure
Procedyre DecodeContiguousCodestream(tk, sk, vk, uk) { Decodes a 4D block of size [tk,
sk, vk, uk)
ReadMinimumBitPlapey Reads an 8 bits integer thag
represents the lower bitplang
of transform coefficient, a$
defined in Table B.34
BlocH=Dec®dePartitionStep(0,0,0,0, tk,sk,vk,uk); Defined in Table B.29
Retuyn(_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;

{

for(si = ++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

q/'\

Procedure DecodePartitionStep (tpp, tk, sk,

rk, uk) {

SPP, VPP, UpPp,

Recursively d (ies the
and the par tlp flags of]
uous codA

1D block
a contig-

-r\\’

ReadPartitionTreeFlag;

decoder

R/eﬁﬂ h’ag from arithmetig

ned in Table B.37

if (fla {

transform)

ansform
.30)

'Réached the Leaf Node (TH
flag; Figure B.11, Table H

Block=DecodeBlock (max bitplane);

Recursively decodes the|DCT co-

efficients (Table B.43)

InverseScaleBlock (Block) ;

Inverse scaling of the 4D{DCT co-
efficients components by Spscc
(see B.3.2.6.3)

Blockdecoded=4D-IDCT (Block) ;

T of the
exB.3.7)

Performs the inverse D(
decoded coefficients (Anr

return Blockdecoded;

) R
If (flag == spatialsplit) { \O‘ Figure B.7, Figure B.8, Figure B.17
- and Table B.30
Int new tp, new sp, new v \(dew up, new tk, new sk,
new vk, new_ uk; 6
new tp = tpp; Q :
new_sp = spp; ,_O\
new _vp = vpp; OU
new up = upp;
new tk = E]d)@
new_ sk h&;)f
new vkv‘é floor (vk/2) ;
new\w floor (uk/2);
/&&dePartltlonStep(new_tp, new sp, new_vp, new up,
(C~ * new_tk, new_sk, new_vk, new_uk);
<
[1ew_up = Upp TLI100IL (UK ]
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 ;
new uk = floor (uk/2);
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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,

rfew vk, new uk; N

N
ney tp = tpp; £,
ney sp = spp; \ )

ney vp = vpp;

N /2

ney up = upp;
ney} tk = floor (tk/2); A?{\v
ney sk = floor (sk/2); ,-‘l/
ney vk = vk; ‘O})
ney uk = uk; r\\\v
DedqodePartitionStep (new tp, new sp, new vp, new up, %V

rlew tk, new sk, new vk, new uk); ’5\\\

ney sp = spp + floor(sk/2);
ney} sk = sk - floor(sk/2); AO\

DedodePartitionStep (new tp, new sp, new vp, new_up,\\\(

rlew_tk, new sk, new vk, new uk);

ney tp = tpp + floor (vk/2); \{\Q)
ney tk = tk - floor (tk/2); A

DedodePartitionStep (new tp, new_ sp, newi.v@“newiup,

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

ney sp = spp ; \'\U
ney sk = floor(sk/2); \\(}7
DedodePartitionStep (new tp, nev\cg?)‘, new_vp, new_up,

rlew_tk, new sk, new vk, n%uk) ;
} o~
) @

1@ B.30 — Lists of partition flags representations

Q9 Partition Flag Representation
Q?‘ transform 0
% spatialSplit 1
é&?\ viewSplit 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
—>

X

oy

Arithmetic
Decoder

B.3.5.2 Probability models

=

fdrobability model is fixed.

Figure B.19 — Arithmetic decoder inputs and output

Table B.31 — Arithmetic coder contexts

he contexts of the arithmetic coder are defined in Table B.31. When the adaptive flag id Off the

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.3.5.3 Procedures to read symbols

symbol=read (Context, AdaptiwveFlag):;

Q. O

efined in Table B.31.

Table B.32 — Read bit using arithmetic decoder procedure

Hach call to the arithmetic decoder to redd a variable is performed according to the following syntax:

ach call to read a symbol fyom stream, may update arithmetic decoder models if the adaptive flag is
n. The procedure read(Context, AdaptiveFlag) is defined in Table B.32 and the variable Cpntext is

Procedure Read (Context, AdaptiveFlag) {

Context defined in Table B.31

Bit =Dec¢odeBit (Context) ;

Defined in Table B.41

I£ (AdaptiveFlag == On) {

If Bit == 0 {

UpdateModel (0, Context);

Defined in Table B.42

}

Else {

UpdateModel (1,Context) ;

Defined in Table B.42

}

return Bit;

© ISO/IEC 2021 - All rights reserved

65


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

ISO/IEC 21794-2:2021(E)

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;

CogffiTtIentBIT =Read (DItplane counter + L, UljJ;, pDecodes a coelricient bit

A
Madnitude += CoefficientBit; ,\q/\
ND
) f2)
Magnitude = Magnitude << MinimumBitPlane; 2
if (Magnitude > 0) { AO\D‘
Madgnitude += (1 << MinimumBitPlane)/2; y{\d
[ 4
) ~b
retuyn Magnitude; (/\)
N4
} A

plane d¢ffined in Figure B.15. It must be read just before a DecodePartitionStep‘P cedure, using the procedure
“ReadMinimumBitPlane”, defined in Table B.34.

a Its VaE]}Je is encoded as an 8-bit unsigned integer and should be less than or ecxo\é the variable max_bit-

X
L

- RN
Table B.34 — Read minimum bltb}}ne procedure

(%4
Procedyre ReadMinimumBitPlane () { \\,Q MinimumBitPlane denotes th¢
h$ lowest bit-plane used for encoding

MininqumBitPlane = 0; A’\U

for (qounter=0 ; counter<8; counter++) {\O
MirfimumBitPlane = MinimumBitPlane r{\éf,
Bit] =Read (0, Off); (‘}\ Defined in Table B.32
MifimumBitPlane += Bit; -’ .V

\ >

! A

retuydn MinimumBitPlane; (‘,\J

}

~

-

If a DCT|coefficient is diffsbent from zero its sign must be read from the stream with the procedure i

Table B.B5. Q
&

@Qv Table B.35 — Read sign procedure

Procedy re&%“aSign R Reads DCT coefficient sign if # 0

sign [“Bead (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)

bitQ = read (34 + 2xbitplane, On)

flag = bit0+2xbitl;

return flag;

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

Table B.37 — Read partition tree flag procedure

Procedure ReadPartitionTreeFlag() {

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

flag = read(0, Off);

if(flag ==1){

bit = read (0, Off);

if(bit == 1)

flag++

}

return flag

—

o =]

F_MODELS!

B.3.5.4 Arithmetic decoder procedures and definitions

The arithmetic decoder émploys probabilistic models to decode symbols from the codestream.

The eodec uses 99 models numbered from 0 to 98 (i.e. MAX_NUMBER_OF_MODELS=98).

Definitions and proeedures to reset the arithmetic decoder, to update probabilistic models gnd read
hformation fromi-the stream are detailed in this section.

he procedurés use two vectors (acumFreq_0 and acumFreq_1), defined with length MAX_N[UMBER_

At initialization the decoder limits are set and first bits are read from the stream as specifidd 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 q/'\
Procedyre InitProbabilisticModel (modelIndex) Probabilistic model initializatimhftl/v
acumfreq O0[modelIndex] = 1; ‘\/
acumfreqg 1[modelIndex] = 2; /\%'
} q'\‘
4
The arithmetic decoder is reset, for every model, by calling the “InitDecoder” dure (Table B.38),

followed by the “InitProbabilistModel” (Table B.39 and Table B.40). O\\

Table B.40 — Reset arithmetic decoder pro(_a\{hure

Procedyre ResetArithmeticDecoder () /\(
Initlecoder () ; ) V| Defined in Table B.38
for ({counter=0; counter<99;counter++) “\\\
InjtProbabilisticModel (counter) ; i\

&
} 2O

o

The progedure to decode a bit from the stream is de\@ﬁbed in Table B.41.
3

Table B.41 \T:&code bit procedure

bit = QecodeBit (modelIndex) { N Decodes a bit form the code-
) C) stream (modellndex defined in
<\ Table B.31)

thredhold = floor(((tag - ifiBfriorLimit + 1) x

acymFreq l[modelIndex -G)/( superiorLimit -
inferi¢rLimit + 1) ‘

lengtfth = floor( su;&‘(@)rlelt - inferiorLimit + 1) x

acymFreq 0[mod

(\Q‘v

if (treshold¢(GcumFreq 0[modelIndex]) f

bid Deco&Q¥: 0;

sulce’r-&XL‘imit = inferiorLimit + length-1;

ex])/acumFreq 1[modellIndex]);

}

else {
bitDecoded = 1;

inferiorLimit = inferiorLimit + length;
}
while ((MSB of inferiorLimit == MSB of superiorLimit) ||

((inferiorLimit >= 4000H) and (superiorLimit < COO00H ))) {

if (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
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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 )) { A'\
inferiorLimit = inferiorLimit << 1; Shifts a zero into’\t@ksq;
superiorLimit = superiorLimit << 1; Shifts a zero i]@-qo‘,ttﬁe LSﬂE
superiorLimit = superiorLimit+1; ,\b(v
tag = tag<< 1; //Shifts a zero into the LSB Shifts akj%@into the LSB
bit = ReadlbitFromStream() ; q/\
tag+= bit; /‘C) .
inferiorLimit = inferiorLimit ~ 8000H; A’((/
superiorLimit = superiorLimit ~ 8000H; f'AU
tag = tag ~ 8000H; g(\vJ
inferiorLimit = inferiorLimit & FFFFH; , O\
superiorLimit = superiorLimit & FFFFH; 0‘(
tag = tag & FFFFH; KLY
) R
} 0)\
inferiorLimit = inferiorLimit & FFFFH; ‘\\S\v
superiorlLimit = superiorLimit & FFFFHA®
tag = tag & FFFFH; A\‘U
return bitDecoded; \O

ok

—

\\J
he procedure to update the stqtﬁiic model is described in Table B.42.

Q

@)

Table B.42 — Update model procedure

N

Procedure UpdateMo@( it, modelIndex) {
S

Probabilistic model up-
date (modellndex define
Table B.31)

d in

if (bit ==AN)

N\ .
acumg\r?q._o [modelIndex]++;

ac‘@éq_l [modelIndex]++;

e

%}é {

acumhreq_L[modeLLndexJ++;

}

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 q/'\
r\v
SB = DgcodeBlock (bitPlane) { Decodes the 4D blocks
the hexadeca-tree‘stfﬁpture
if (itPlane < MinimumBitPlane) { oW
reflurn SB = zero Returns Blo‘§}<=\0J
) b
if (B is of size 1xlxlxl){ R
M 4 ReadMagnitude (bitplane, MinimumBitPlane) ; Re \a\%itplane-MinimumBit-
precision positive inte-
% M from input (Table B.33)
if | > 0)¢ , O]
HeadSign; AO‘ Reads a sign bit (Table B.35)
1f (sign bit == 1) M = -M RS
} g‘Q\
refjlurn SB = M “\Q)
} R
ReadHexadecatreeFlag (bitplane) ; ) @Q‘ Reads hexadeca-tree flag
K\ (Table B.36)
if (f§lag == “zeroBlock”) return SB = zx@
if (f§lag == “lowerBitPlane”) { . (-\‘b
SB |= DecodeBlock (bitPlane-1) ("\\v
refjurn SB “"
) Y
if (flag == “splitBlock”)( ;~
t'lg = floor (tb/2); ‘O" tb,sb,vb,ub are the dimensions
s'y = floor(sb/z),;‘\(O of the original Block (SB)
v'p = floor(vb/gﬁp
u'lp = floor(&Q&Y;
nsqg t = ngeé7:s = nseg v = nseg u = 1;
if(tb >~$Ysegit++;
if sb&\dj nseg s++;
if vqo> 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
Ul igilldl ‘UIUL}\.

=

able 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.3.7.1 General

DCT 4D block

coefficients
> IDCT IDCT IDCT IDCT

\ 4

—>

Figure B.20 — Inverse 4D-DCT

As with the direct transforiy, the inverse transform (4D-IDCT) is separable, i.e. with 1D-IDCTs computed
eparately in each of(the 4 directions. An example of the computation flow of the txsxvxu s¢parable
4D-IDCT is depicted-in Figure B.20 (the 4D inverse transform is the same irrespective of the |order of
dpplication of thé-inverse 1D transform). After applying the inverse 4D-DCT a level shift opefation is
gerformed.

(%)

B.3.7.2 ~Inverse 4D-DCT

Hor-a given light field 4D-DCT representation X(i,jp,q) the corresponding light field x(u,v,s,t) can be
domputed by inverse transforming each dimension in sequence as follows.
“! (2t+1)q] i=0,1 1 j=01 1
1 m(2t+1)q| i=0,1,...,u -1; j=0,1,...,v, —
X(”VS) i,j,p,t)=——x= o X(i,j,p,q)cos| —————|; k K
( ol ) t Z (q) ( J pq) 2t p=0,1,...;s, —-1; t=0,1,....t, -1
k q=0 k k k

~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
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v, =1 ,
) 1 ) . r(2v+1)j| i=0,1,..., u -1; v=0,1,...,v, -1
x(®) (i,v,s,t)=——= Z () x(w) (i, ).s,t)cos u : o ke Tk
v, A 2v s=0,1,...,s, -1; t=0,1,....t, -1
kK Jj=0 k k k
p m(2u+1)i | u=0,1,...,u -1; v=0,1,...,v -1
b Y b A
x(uv,s,t)=—= ¥ ar(i) X (i,v,s,t)cos| = |; k k
u “ 2u s=0,1,...,s, -1; t=0,1,...,t, -1
k =0 k k k
h (o) 1 oo d o (0 /?.“_1 2 M1 wharaNicthacioa of sl o froa ooy (ke oo 1o
where 064 afe-oH#) H=t2—— NI where-NHs-thesize-of the-transform—Outputpixels
VN N
are represented as 32-bit integers. As indicated earlier, the transform order is arbitrary.
B.3.7.3 | Inverse level shift
After prpcessing the inverse DCT for a block of source light field samples, the reconstructéd samples of

the com
segment
by addiq]

x(

NOTE
original
value wit

<

pbonent that are unsigned shall be inversely level shifted. If the MSB of Ssiz! from the LFC markd
(see B.4.2.2) is zero, all reconstructed samples x(u,v,s,t) of the ith component are level shifte
g the same quantity from each sample as follows:

= =

v,s,t)«x(u,v,s, t)+255izi

[¢)

Due to quantization effects, the reconstructed samples x(u,v,8t)'can exceed the dynamic range of th
amples. There is no specified procedure for this overflow or ¥ndérflow situation. However, clipping th
hin the original dynamic range is a typical solution.

¢
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Annex C
(normative)

JPEG Pleno light field reference view decoding

(.1 General

—

his annex describes an instantiation of the reference view encoder for the 4D prediction mogle. Next,
he decoding process is detailed.

—

(.2 Organization of JPEG Pleno Light Field Reference View superbox
The JPEG Pleno Light Field Reference View box is a superbox that contains’the following (see Figure C.1):

-+ aJPEG Pleno Light Field Reference View Description box, signallingthe configuration of the rpference
view encoding;

4+ a Common Codestream Elements box, signalling redundant header information from individual
codestreams of the reference views;

1 a Contiguous Codestream box, containing as payload the individual codestreams of the reference
views.

—

he type 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 |

| Conitiguous Codestream box |

Figure C.1.“50rganization of the JPEG Pleno Light Field Reference View superbox

(.3 Defined boxes

(.3.1 \JPEG Pleno Light Field Reference View Description box

MLl 1D C Dl Iaclae I 11 D € A S M AnY 3andes 1 den s H £ 4o 41 o | 5 d
T LU T'ICTHU LIGHU FICTIU ACTICTTIHLT VICW DUTSLTIPUUIT UUXA CUITLA LS THTUT HTHIAUIUIT UL UIT encoaer 1ssue

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).

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

TCODEC
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Table C.1 — Format of the contents of the Light Field Reference View Description box (optional)

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)
BEA . . Drecision 1 to (2 Precision. 1)
I’D\_.l = PUIILET LU COIILIZUOUS ¥ J
(EXTRDATA) codestream 1
_ . P ici 1 2 Precision_ 1
TPEC,ppp = POinter to recision to ( )
contiguous (EXTRDATA)
codestream Nper
TCODE( identifier for the codec deployed for reference views
TCODEC values shall correspond to the potential values farythe coder type C defined in the
JPX file format (ISO/IEC 15444-2) for the Image Header bex. The default value of TCODEC =Y
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)zzO specifies a intermediate view or non-existing view in the array H. Ip
Annex E.3.1 itis specified howthis value should be updated to reflect the hierarchical
level for the intermediateviews.
H(t,s)==1 specifies'tHe view (t,s) as a reference view.
8 successive bits arepacked as a byte. If TxS is not a multiple of 8, the remaining bits of
the last byte are putto zero (zero padding to stuff last byte). The scan-order of the arraly
H is illustrated/by-an example in the NOTE in Figure C.3.
PP pointer préeision
0 indieates 32-bit precision (unsigned integer, default option) - 1 indicates 64-bit precisiop
(unsigned integer). Other values are not valid.
TPEC, pointer to contiguous (EXTRDATA) codestream of texture data for texture referende
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
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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.

=z

OTE

o

& O —

|

» 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 N H(1,1)=0 —— H(l,:)=0 — H(1,3)=0 H(1,4)=0 >
= H(2,0)=0 i H(2,1)=0 ;(2,:):1 — H(2,3)=0 H(2,4)=0 P>
= H(3,0)=0 i H(3,1)=0 —— ;(3,;=0 —— H(3,3)=0 H(3,4)=0 =P
= H(4,0)=1 i H(4,1)=0 — :(4,:):0 —— H(4,3)=0 H(4H)=1"P

tV

Row-wise scan order illustrated with black arrows and grey"arrows. Grey arrows indicate m

17

(.3.2 Common Codestream Elements box

Figuré.C:4 — Organization of the contents of the Common Codestream Elements bgx

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

eginning of the next row. The coordinates (tX sX ), 1=1,2,3,4,5 are the set of (t, s) where H (t

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

his box contains redundant codestream elements extracted from the reference view code
Figure C.4 and Table C.2). If this bex_ i$ signalled the contained codestream elements, repr
odestream header information, shall be concatenated with every codestream fragment cont
he Contiguous Codestream box (Figure C.5 and Table C.3). This box is optional.

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

07077

##Common Codestream payloadé

ve to the
s) =1.

iews in

streams
bsenting
hined by

Common
codestream

TETt o

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 .5 — Organization of the contents of the Contiguous Codestream box for referenceview
signalling in the 4D Prediction mode

Table ({3 — Format of the contents of the JPEG Pleno Light Field Contiguous Codestream box for
reference view signalling in the 4D Prediction mode

Field name Size (bits) Value Comments
Codestijeam for reference variable variable External codec codestreanp
view 1
Codestijeam for reference variable variable External codec codestreanp
view 2
Codestileam for reference variable variable External codec codestream
View NREF

C.4 Reference view encoding

This clause provides a description of encoding operations for the reference views. The followinjg
variablef are elements obtained from matrix H, used for indexing the reference views:

th Subscript of the row index(forthe reference view I=1,.... N ppp 1D the light field array in row-wise

scanning order. Reference views are those views, for which H (t, s) =1.

sX Subscript of the ¢olumn index for the reference view [1=1,..., Np in the light field array in row

wise scanning-order. Reference views are those views, for which H (t, s) =1.

~

Referen¢eviews are encoded with an external codec, such as TCODEC . Since all reference views sharje

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),

Lihe decoded Lised disparitur ’

DDEC (t,s,v,u),
Where
t=0,1,....,T-1
s=0,1,...,5-1
v=0,1,...,V-1
u=0,1,...,U-1

¢=0,1,...,NC-1.

u
V[IREFII NS N | B 5

I | IS A I | O |
I | | I O I |
AN {0 N N
| I I |
A | O |
| |
| |
| |

Al

T

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

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 /

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

Extract and remove common codestream element THEADER from all the TCODEC encoded files.

(0] |f'p||i' a1l ef‘vippnr] TCODEC codestreams (F‘Y'T‘DI'\ATA) tatho Fnhfig|lnllc Codestream baov Tho lacation
5 off each stripped codestream is written to the codestream as pointer TPEC, .
6 Olitput the common codestream element (THEADER)) as the payload in the Common Codestream
Element box.
The enc

extractg the header information from the TCODEC encoded file. The header information is an array ¢
bytes THEADER, and subsequently the bytes are removed from the codesti€am. The result is p
codestrg¢am, that is not fully decodable with the TCODEC decoder. The (header information arraly
THEADHR needs to be concatenated back prior to decoding. The decoder can obtain the heads

informa

the stripped codestream (EXTRADATA), and decode successfully. THis stripping of header informatio
saves byjtes, and makes the encoding less redundant, since only a.single unique header is required.

When o
identify
codec is

ding procedure of a reference view is displayed as a flowchart in Figure C.7.'In Table C.4, step ¢
f

r
Fion from common codestream element box, detailed in Table C2, append it to the beginning af
n

btaining the common codestream element, the enceder must use the correct markers fq
ng the header section in the encoded codestream, In the case of TCODEC =7, the deploye
JPEG 2000, and the marker for identifying the last'two bytes of the header is the SOT marks

—~ =

chosen qodec. Note that the decoding process of the @mmon codestream element is transparent to t

(0xFF9(), i.e. the beginning of a tile marker. For other,TCODEC types, the marker will depend on t%

codec type. Hence, no normative constraints need to be imposed on the exact cutting point of t
TCODE( codestream.

The pro

data an@l common codestream element information according to the format of Light Field Referend
View Defcription box.

78

<

Cess of Table C.4 applies to all reference views. The encoder will output all the reference viey

D
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\ 4

Encode reference view Extract and remove the
X(ts;) with TCODEC common codestream element
THEADER from the

TCODEC encoded file

v

Output stripped TCODEC
codestream to the Contiguous
Codestream box, and obtain
the codestream pointer TPCE,

Output the common
codestream eléement
THEADER aspayload to the
Common GodeStream element
box

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

(.5 Reference view decoding

—

Views that use no prediction. Theseviews are the views on the lowest hierarchical level where H

Since, the externally encoded files are split to two parts 1) the header information 2) the r¢
dodestream, the decodef needs to concatenate the header to the remaining codestream part
the decoding with TCODEC .

See Figure C.8 forran overview of the reference view decoding process. The detailed steps for g

he referenceviiew (tIX , SIX), I1=1, 2,...,NREF are given in Table C.5.

—

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

REF

his clause provides a description‘of-decoding operations for the reference views. Reference vjews are

t,s)zl.

maining
prior to

ecoding

Obtain the header payload from Common Codestream Element box, and store the payload as an arr

hy of

hvtes THEADER

data as an array of bytes TDATA .

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

Concatenate THEADER and TDATA as TENCODING =[THEADER7 TDATA].

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]

. PRV \ Ao
Flgll]'e C.6 — Overview ol decoding reference view X ==% ktlA , 87 )ZX”“" N Zl,l,...,NREF
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Annex D
(normative)

JPEG Pleno light field normalized disparity view decoding

I|).1 General

This annex describes an instantiation of the normalized disparity view encoder for the|4D py
mode. Thereafter, the decoding process is detailed.

ID.2 Organization of JPEG Pleno Light Field Normalized Disparity View Supe€

o |

he JPEG Pleno Light Field Normalized Disparity View box is a superbox thatcontains the folloy
igure D.1):

1

— a]JPEG Pleno Light Field Normalized Disparity View Descriptionbox, signalling the configu
the normalized disparity view encoding;

codestreams of the normalized disparity views;

- aContiguous Codestream box, containing has paylead the individual codestreams of the noj
disparity views.

]

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

| JPEG Pleng LE*Normalized Disparity View Description box |

-—_—— - .

| Centiguous Codestream box

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

.3 Defined boxes

341" JPEG Pleno Light Field Normalized Disparity View Description box

he type of JPEG Pleno Light Field Normalized Disparity View box shall be ‘1fdv’ (0x6C66 6476).

ediction

rbox

ying (see

ration of

- a Common Codestream Elements box, signalling rediindant header information from individual

malized

erbox

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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DCODEC

Q | Dshitt | Nnpv

Figure D.2 — Organization of the contents of a Light Field Normalized Disparity View
Description box

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 ( )
H, (0’ 0) to H,, (T*l,S*l) variable 1 bit per view {0,,1]
PP 8 0 (Precision = 32) er\1(Precision = 64)
DPEC, = Pointer to contiguous Precision 1 to (2Precision- 1)
(EXTRDATA) codestream 1
- Poi Precision 1 to (2Precision_ 1
DPECNNDV = Pointer to ( )
contiguous (EXTRDATA)
codestream Nypy

DCODEC

Dshift

identifier for the codec deployed for normalized disparity views

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

depth quantizationparameter

minimum nerinalized disparity value (optional)

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 datg
to.cover the negative and positive range of the normalized disparity field. Intended to b¢
used with DCODECs which do not support negative data.

NDV
HD (t,s)

82

number of normalized disparity (reference) views (¢ s) forwhich H (f s)=1
I v U J \ 7 / 4 D \ 7 /

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.

BXTRDATA externally encoded data payload
Contains disparity data encoded with the external codec DCODEC.

When DCODEC =7 the codec deployed can be [SO/IEC 15444-1 or other parts, such as ISO/IEC 15444-2,
which added support for multi-component transforms. The required capabilities are signalldd to the
JPEG 2000 decoder using the extended capabilities marker (CAP),‘which was introduced in
IBO/IEC 15444-1. The CAP marker is defined as 0xFF50 followed by a variable length field indicating the
Harts in the ISO/IEC 15444 series containing extended capabilities thatare used to encode the jmage.
> S
— H00)=1 — H0D=0 f— Hy(02)=0 | JHy(0,3)=0 [— Hy(04)=1 [P
‘._’_— -
o= Hp(1,0)=0 : Hp(1,1)=0 —— Hpfl,2)50 f—— Hp(1,3)=0 |— Hy(1,4)=0 P>
= Hy(2,0)=0 : Hp(21)20 45— Hp(22)=1 —— Hy23)=0 — Hy(24)=0 P>
== Hp(3,0)=0 : Hp(3,1)=0 | Hp(3,2)=0 |—— Hp(3,3)=0 |~ Hp(34)=0 —p
. ==
== [,(40)=1 : Hp(41)=0 —— Hp@2)=0 [—— Hp#3)=0 [ Ho(44)=1 - 4
¢ v,
NOTE Row-wiSeyscan order illustrated with black arrows and grey arrows. Grey arrows indicate m¢ve to the
beginning of the next row. The coordinates (tl? , sl? ), k=1,2,3,4,5, are the set of (t,s) where HD (t, s) =1.

Figure’D.3 — Normalized disparity view configuration array H D for T =5, =5 with|five

reference 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
Field name Size (bits) Value Comments
Codestjream for normal- variable variable External codec codestreant
ized disparity view 1
Codesi}'eam for normal- variable variable External codec codestreant
ized dlisparity view 2

Codestj
ized dis|

ream for normal- variable variable External codec codestrean

parity view NNDV

D.4 R

The hor

are expl

If the piixel (t S \?,ﬁ) is not occluded by another pixel (t s, vo,u ’), then the colour attributes

X (tl 'S,
the othe

The disparity maps canybe estimated from the texture views (t s ) and (tz,sz) using optical flov

stereo e
the who
of views

epresentation of the normalized disparity data
zontal disparity map D, and vertical disparity map Dy between the views (tl,sl) and (tz,s2
essing the correspondence of the pixel (tl 151 ¥ Uy ) with the pixel t2 Sy ,V,u, where

u +DX (v1 Uy )1
v +Dy (v1 u )—|

27727 272"
,vl,ul,c) and X(t2 S, ,&,ﬁ,c) are very similar one to another, allowing to predict one fromn
r.

<

1771
stimation methods.[2] For the case of light fields there exist more specialized methods utilizing
e light fi€ld'in the estimation.[3]14] In the latter category, the disparity maps between each pairs
can béobtained using the normalized disparity map, defined as,

D (Vlﬁul) Du (V17u1)

D<t1751aV1au1): - BX =— By ek,
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 ) sl) and (tz ) 52) the normalized disparity map can be used to find corres
pixels by,

X (tz S, Vic)=X (tl Sy Vol ,c) for Vee{o,...,NC-1},

where

ponding

1 = L \ 1
U=t FD(T, 5, v, 4 ) B 1,

17=Lv1 +D(t1 Vg ,ul)-By_|.

ID.5 Encoding of normalized disparity data

his clause provides details how the normalized disparity data is encoded“using DCODEC
ormalized disparity data is used to predict intermediate views from reference views using d
ased warping, see Annex E.

loullo— i

= =]

ormalized disparity view as D. A quantized integer precision ngymalized disparity view is obt

pauant — rb_zQ J’

<

here Q is the quantization factor.

1

or codecs which do not support encoding of negative data, the quantized normalized disparity
hifted to positive range using the constant Dshift' The shifting constant Dshift is commg
ormalized disparity maps in the light field and is obtained over all quantized normalized d
haps. In this case of level-shifting to positive range, the quantized normalized disparity data b

(%)

= 4

puant =p.2¢ 4D, .
he normalized disparity(views are usually provided at lowest hierarchical level (see the ex
igure D.5), and are used-to predict subsequent intermediate views at higher hierarchies. Nor
isparity views are.encoded with an external codec, such as DCODEC. Since all normalized d
iews share the same’ dimensions and bit depth, the header information of such encoding nee
btained only ence. For this reason, the externally encoded files are split to two parts: 1) th
nformation, 2)-the remaining codestream. The encoder will place the redundant header inforn

a4 o < Qo M e

he remaining codestream part prior to the decoding with DCODEC .

encoder.
sparity-

he normalized disparity views are real-valued floating-point quantities. Denote the floating-point

hined as,

is level-
n to all

isparity
ecomes,

hmple in
malized
isparity
ds to be
b header
)ation as

ayload in-the common codestream element box, and the decoder needs to concatenate the header to
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Figuré

The foll
disparit

An exanpple configuration ef'normalized disparity views is given in Figure D.5. For a given normalize

disparit

performled as in Table:DZ3.

rer)l JL JLJL L JE JL {wer]
| | O O |
Y | O I
| I |
I I

1 eeell [
Il Il Il Il I'1

ree|l JL L J0 L L JL [eee

T

D.5 — Light field with dimensions TxSxVxU displaying normalized disparity reference

views at locations marked REF (in row-wise scan order (tkD , s,? ), k=1,2,3,4,5)

bwing variables are elements obtained from matrix HS, used for indexing the normalized

y views,

Subscript of the row index for the normalized disparity view k=1,..., N in the ligh

..... NDV
field array in row-wise scanning order. Normalized disparity views are those views,

for which HD (tlx,slx)zl,for Izl,...,NREF.

—

Subscript of the column index for the normalized disparity view k=1,..., NNDV in thie

light field array in row-wise scanning order. Normalized disparity views are those

views, for which H, (tlx,sl")zl,for I=1,...,NREF.

o

y view (tf,s]?), k=1,..,N, . the encoding of normalized disparity using DCODEC {

[72)
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Table D.3 — Normalized disparity view encoding procedure for normalized disparity view k

when using DCODEC

Obtain reference normalized disparity view as ﬁk =D (tl? P ) , reference normalized disparity vie

dimensions VxU

w has

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 1+ Dshift

4+ |Encode ﬁzua"t with DCODEC at the requested rate

b Extract and remove common codestream element DHEADER from the DCODEC encoded files.

codestream is written to the codestream as pointer DPEC, .

Output to codestream the headerless DCODEC encodings (EXTRDATA). The location of this data in the

' |Output the common codestream element as the payload in the Common Codestream'Element box, see

lable C.2.

Obtain reference normalized disparity view as ﬁk =D (tl? ,s]l() ), reference normalized disparity vie

dimensions VxU

w has

tep 5 extracts the header information from the DCODEC encoded file. The header informat
rray of bytes DHEADER , and subsequently the bytes are reimoved from the encoded file. The
n encoding, that is not fully decodable with the DCOPEC decoder. The header informati
HEADER needs to be concatenated back prior to. decoding. The decoder can obtain thg
information from common codestream element box; append it to the beginning of the he
coding, and decode successfully. This stripping of header information saves bytes, and m
coding less redundant, since only a single unigue header is required.

hen obtaining the common codestreamielement, the encoder must use the correct mar
iflentifying the header section in the encoded codestream. In the case of DCODEC ==7, the ¢
dec is JPEG 2000, and the marker for identifying the last two bytes of the header is 0xFF9(
eginning of a tile marker. For othetxDCODEC types, the marker will depend on the chosen cod
that the decoding process of the common codestream element is transparent to the codec type

.6 Decoding of normalized disparity data

his clause provides-details on decoding the normalized disparity data using DCODEC deco
ormalized disparity views are usually provided at lowest hierarchical level and used to|
sjubsequent intérmediate views at higher hierarchical levels, see Annex E.

he normalized disparity views are real-valued floating-point quantities. During encoding

uantiZed*into integer range by a multiplication with 2¢ followed by rounding to nearest int
coded using 16 bits. Optionally, for normalized disparity views with negative values the dat

on is an
result is
n array

header
aderless
hkes the

kers for
leployed
, i.e. the
ec. Note

der. The
predict

they are

pger and
h is level

shifted by subtracting the quantity D see Table D.1. The D value is obtained only oncd

over all

normalized disparity views. Level shifting is not necessary for codecs which support negative input data.
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Consider an encoded normalized disparity view

DZ”a"tDEC obtained from decoding a codestream

encoded with DCODEC . First, the decoder level-shifts the data using,

ﬁzuantDEC zﬁguantDEC _D

shift’

Next, the inverse quantization step is applied,

DPEC__ ( pauantDEC \ 70
k \ Tk Jr ="
where DI?EC is truncated to 16 fractional bits and is representing the final decoded normalized
disparitly view. It is assigned to DPEC (tll() 5P ) =15£EC.
The steps for decoding the normalized disparity view (tf,sf), k=1,2,...,NNDV using DCODEC are
given in[Table D.4.
Table D.4 — Normalized disparity view decoding procedure for normalized disparity viewj

k using DCODEC

1 |Obtg

in header payload from Common Codestream Element box as an afray of bytes DHEADER .

) Obtgin the normalized disparity view i data from the contiguous e6destream box, pointed to by DPECI ~ang
stor¢ the data as an array of bytes DDATA.
3 |Condatenate DHEADER and DDATA as DENCODING :[DHEADER, DDA TA].
4 |Decdde DENCODING with external codec DCODEC to.obtain VxU image [)Z"a"tDEC
. . AquantDEC _ pquantDEC :
5 |Levdl shift by subtracting Dshift » Dy =D, Dshift (optional step)

6 | Deqyiantize to floating-point values by division with 22 : DPEC = (ﬁZ”antDEC )/ 2¢

7 EDE

(052 ) =P
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Annex E
(normative)

JPEG Pleno Light Field Intermediate View superbox

E.1 General

—

his annex specifies the decoding process for intermediate view decoding in the 4D predictiq

e

htermediate views, such as prediction parameters and encoded residual prediction-data.

Y

owever, for informative purposes, it first describes an instantiation of the intermediate view
br the 4D prediction mode.

)

HE.2 Organization of JPEG Pleno Light Field Intermediate’'View superbox

]

igure E.1):

view prediction;

—+ a]JPEG Pleno Light Field Residual View Description box, signalling the configuration of the
view encoding;

codestreams of the residual views;

residual views.

—

he type of JPEG Pleno LightField Intermediate View box shall be ‘Ifiv’ (0x6C66 6976).

JPEG Pleno LF Residual View Description box

|
|
|
! JPEG Pleno LF Prediction Parameter box
[
|
|
|
|

S

n mode.

F also specifies the superbox containing all information necessary to reconstruct and to degode the

encoder

he JPEG Pleno Light Field Intermediate View box is a superbox that contains the followjing (see

4+ aJPEG Pleno Light Field Prediction Parameter box; signalling the parameters of the intemediate

residual

-+ a Common Codestream Elements box;\signalling redundant header information from individual

-+ a Contiguous Codestream box,containing has payload the individual (stripped) codestrears of the

Figure E.1 — Organization of the JPEG Pleno Light Field Intermediate View superbox

E.3 Defined boxes
E.3.1 JPEG Pleno Light Field Prediction Parameter box

The prediction parameters box contains prediction parameters for the NI intermediate views

for which H(t{),s}’))zO.

© ISO/IEC 2021 - All rights reserved
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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).

| 0 ;// Z | | /Predlctlon; /Prediction;/
7 parameter parameter
N; = // /// VPP, VPPy, % block 1 7 block N, &
Fjgure 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 box

Field name Size (bits) Value
N, 32 0 to (23231)
hsize 8 1 to.[28-1)
variable [0, (2bsize-1)]jh hsize bit per view
1 I
H(tl, 1) to H(tN X, j
VPP, 32 1 to (2321)
VPP 32 1 to (23%21)
Ny
Prediction parameter block; variable variable
Prediction parameter blocky;, variable variable
N, number of intermediate views, N =N- NREF ,where N equals the total number of views ih
the light field, @nd Nppr equals the total number of reference views
hsize precisioninbit for specifying the number of hierarchical levels in the array H (up to 3 levels

requires'2 bits, from 4 to 7 levels 3 bits, etc.)

H (t,s) thevalue 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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! subscript of the row index in row-wise scanning order for the intermediate view p=1,..., NI
P
in the light field array
s; subscript of the column index in row-wise scanning order for the intermediate view p=1,..., N |
in the light field array
VPPP pointer to Prediction Parameters block for intermediate view (tll) , S!I’ ), p=1,...,N, in the

light field array in row-wise scanning order

This pointer indicates the position of this Prediction Parameters block in thelPr
Parameters Description box counting from the beginning of this box, i.e. the LBox

—-

<

iews with H (t, s):0

o Ty |

rediction parameter block, see Table E.2.

W)
H(0,0) HO=4 |— HO2)=2 |— H03)=4 L fi(0,4)
—-
——
-
e H(10=0 — HLD=22 — H12)=3 |— HLIH=2 +— H1L4H=0 P>
o ==
——’—
-
= H(2,0)=2 H(2,1)=3 H(2,2) H(223)=3 |— HEZ4)=2 P
s ==
‘——’
iy
e H30)=0 [—— HGBD=2 |— -HG2)=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
NOTE Skipping of the centre reference view is illustrated with the rounded arrow. Hierarchy

ndicated when H(t,s)zl. In.this example there are four hierarchical levels {1,2,3,4} and four non

Figure E.3 — Subaperture views are scanned in row-wise order skipping the reference
H (t,s)=1 that have been signalled earlier (see Annex C.3.1)

or each-intermediate view (t!I) , SIIJ ), p=1,..., NI the prediction parameters are contained in a

ediction
field.

F level is
-existing

views

separate

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
tTrT 16 0 to (216- 1)
Np
ST 16 0 to (216- 1)
Np
(or 16 0 to (216- 1) ‘],'\
sr 16 0 to (216- 1) Dy
|
O\b‘,
¢Dr 16 0 to (216- 1) ,<\ -
NP 9\
d C
Dr 16 0to (216- 13,
SND \{%
p O
MMODE 8 g(\b@}
p o
NS
8 [0.1]
SF, A<><<
MMODEp =0 (least-squares optima%q%v merging)
[ KN
‘\V
16 -(215-1) to (215-1)
LswP? Q
.0 16 R\ -(215-1) to (215-1)
LSW2 .\\Q)
o
xO -
LSWp,NC -1 \\c\)l-é -(215-1) to (215-1)
NLSp C)
MM ODEI'P\§\1’ (geometric distance based view merging)
FPW C)V 32 single precision, big endian float-
Py ing-point
\% SFp ==1 (sparse filter enabled)
8 281
T P
' usp 8 281
A p,0 32 -(231-1) to (231-1)
S SPW{
.0 32 -(231-1) to (231-1)
SPW2
p.N -1 32 -(231-1) to (231-1)
SPw. ¢
Mgp
KR, (N, +1) 0 to (Z(NSP”) —1)
< 7
KRy, 1 (N, +1) 10 to (z(Nsp”) —1)
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NT number of reference views for intermediate view (tl sl ), p=1,....N
P p’p 1
ND number of normalized disparity views for intermediate view (t’ ,st ), p=1,....N
p p’p 1
tg’ subscript of the row index of the reference view, ii =1, 2,...,N§ in the subaperture image
array in row-wise scanning order
:g’ subscript of the column index of the reference view, ii=1,2,..., NZ; in the subapertufe image
array in row-wise scanning order
The set of reference views for intermediate view p\iS defined as
Q;r ={(tI",sI"), (¢Ir,sI7),..., (t;;" ,s;rT )}
P "p
t;]?’ subscript of the row index of the normalized disparity view, jj=152,..., N,l;) in the subaperture
image array in row-wise scanning order
sj?’ subscript of the column index of the normalized dispakity view, jj=1,2,..., Ng in thie subap-
erture image array in row-wise scanning order
The set of normalized disparity reference Views for intermediate view p is defined as
QD = (e 507, (697 D7), (625,52
p,.Dp
MMODEP view merging mode for texture view p, p=1,2,..., N,
MMODI~ 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
SFP sparse filter enabled/disabled at view p, p=1,2,....N,,
SFp ==1 sparse filter enabled,
SFp ==(0 sparse filter disabled.
NLS . - : T NT
P number of LS merging coefficients for view p, computed as Np 2P |/2
LSwP<  least-squares merging weight of component ¢ forview p, j=1,2,..., NLSp
J
FPW fixed-weight merging parameter for view p
P
NRT regressor template parameter of sparse filter for view p
p

Defines the size of the sparse predictor neighbourhood from which the regressors are
selected.
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