International
Standard

ISO/IEC>23001-1

Infor
systel

Part 1
Carri
and i
form:

Technolog
MPEG —

Partie 17.
format IS

mation technology — MPEG
ms technologies —

7:

age of uncompressed video
mages in ISO base media file
At

jies de l'information — Technologies des systémes

Transport de vidéos et images non coinpressées dans le
D de base pour les fichiers médias

First'edition
2024-02

Reference number
ISO/IEC 23001-17:2024(en)

© ISO/IEC 2024


https://standardsiso.com/api/?name=7c3f36711c877f648266f5c7a2d9ce97

ISO/IEC 23001-17:2024(en)

! S COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2024

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

© ISO/IEC 2024 - All rights reserved

ii


https://www.iso.org
https://standardsiso.com/api/?name=7c3f36711c877f648266f5c7a2d9ce97

ISO/IEC 23001-17:2024(en)

Contents Page
FOT@WOIM........coc e iv
1 SCOPI@ ...t 1
2 NOTIATIVE FEEFEI@IICES ...t 1
3 Terms and AeFIMETIONIS ... 1
4 Uncompressed video and image formats
4.1 OVEIVIBW ....ooooiiiiiiccsiinieseesescssee s
72 Storage in media tracks
4.3 Storage in iMage IS ...
5 Uncompressed frame deSCIiPTION ...y oy
5.1 Component DefiNition ... sssssesssssees s e
5.1.1 Definition
5.1.2 Syntax.
5.1.3 Semantics
5.2 Uncompressed Frame Configuration
5.2.1  Definition ...
5.2.2  SYNEAX e A e
5.2.3  SEIMANTICS oo e s
5.2.4  EXAMPIES .o
5.3  Profiles for uncompressed frame configurations....
5.3.1  OVervIEW ..
5.3.2 Predefined configurations.....
5.4 MIME £ PE SUD-PATAIMETETS ....oooceeieeiieieeieees S s
6 Component desCription €XTENSIONS ... oo v 31
6.1 Extensions for uncompressed video and\anicompressed images ... 31
0. 1.1 OVEIVIBW ool esess e
6.1.2 Component Palette configuration..
6.1.3 Component Pattern Definition.........
6.1.4 Component Reference Level......
6.1.5 Polarization PatternBefinition......
6.1.6  Sensor Non-Unifermity Correction....
6.1.7  Sensor Bad PiXISTVIAP ...t
6.1.8  Chroma LOGAEION ..ot
6.19 Frame Packing Information.........
6.1.10 DisparityInformation..........c.......
6.1.11 DepthMapping Information
6.2  Sample group descriptions...........ccc....
6.2.1 (Field Interlace Type........cconn
6.3 IMAGETLEIM PrOPEITIES . ..oooo ettt
631 Field INTerlace PrOPerty . ...
7 Multiple tracks and it€ImS STOTAZE..............oociiiiiiiiis e
7.1 OVEIVIBW ...oooooiiiiiicseece e
72 Component video track group ..............

7.3 Image tiling using ISOBMFF tracks and items..
BIDLEOGIAPIY ...t

© ISO/IEC 2024 - All rights reserved

iii


https://standardsiso.com/api/?name=7c3f36711c877f648266f5c7a2d9ce97

ISO/IEC 23001-17:2024(en)

Foreword

[SO (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 part in the work.
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Information technology — MPEG systems technologies —

Part 17:
Carriage of uncompressed video and images in ISO base

mediafile format

1 S¢

This d
stand
monog

The p1
on the
aspect

2 N

fope

ocument specifies how uncompressed 2D image and video data is carried in files in the fay
rds based on the ISO base media file format (ISO/IEC 14496-12). This includés)but is not lim
hromatic data, colour data, transparency (alpha) information and depth infofmration.

imary goal of this document is to allow exchange of uncompressed vided,aid image data while 1
information set provided by the ISO base media file format, such as-timing, colour space and s
ratio to specify the interpretation and/or display of video and image-data.

prmative references

The following documents are referred to in the text in such away that some or all of their content cons

requir
the lat

ISO/IE
forma

[SO/IE
enviro

IEEE 7

3 T

For th
apply.

ements of this document. For dated references, only:the edition cited applies. For undated refe
est edition of the referenced document (including any amendments) applies.

C 14496-12, Information technology — Coding\of audio-visual objects — Part 12: I1SO base me

C 23008-12, Information technology *-High efficiency coding and media delivery in heterog
hments — Part 12: Image File Format

54-2008, IEEE Standard for Floating-Point Arithmetic

brms and definitions

e purposes of this doetment, the terms and definitions given in ISO/IEC 14496-12 and the foll

[SOa

d IEC maintain-terminology databases for use in standardization at the following addresses:

— ISP Onlinebrowsing platform: available at https://www.iso.org/obp

— 1

Electropedia: available at https://www.electropedia.org/

nily of
ted to

elying
ample

ritutes
ences,

lia file

pneous

owing

3.1
block

consecutive bytes within the sample data containing one or more component values for one or more pixels
and possible padding

3.2

component
part of the image data representing a single channel (or dimension) of the image

Note 1 to entry: In this document, a component may describe visual information such as luminance or chroma, or
other information usually not intended for direct display such as depth or transparency.
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3.3

frame

ISO/IEC 23001-17:2024(en)

two-dimensional rectangular array of pixels contained in the sample data

3.4

interleaving
ordering of pixel or component within the sample data

3.5

pixel
smallest element of an image, comprised of one or more components

3.6
row

horizgnal line of pixels within a frame or a tile

3.7

sample data

paylod
item W

Note
Note

3.8
tile

1

2

two-d

39

uncom

frame
the sa

Note

of som
format

1

3.10

uncon

single

3.11

uncom

d of the media sample when the uncompressed frame is described by a mediatrack, or payload
rhen the uncompressed frame is described by an image item

to entry: Media sample as defined in ISO/IEC 14496-12.

to entry: Image item as defined in ISO/IEC 23008-12.

mensional rectangular array of pixels within a frame

hpressed frame
for which each value of each component is codéd independently from any other component v
me frame or any other frame

to entry: In this document, the uncompressed term is used with some video formats applying sub-sa

e components for the purpose of data reduction; however, data access to each individual component f
5 is still independent from other compenents or frames.

hpressed image
uncompressed frame stored'as an image item

hpressed video

sequelce of one or mofeuincompressed frames

4

4.1

U

hcompreSsed video and image formats

Dverview

of the

hlue in

mpling
r such

Uncompressed frames may be stored in ISO base media files as media samples of media tracks or as image
items using a generic uncompressed video description defined in this document.

Media tracks, media samples and image items may be further described using the various tools defined
in ISO/IEC 14496-12, such as sample group descriptions, MetaBox, metadata tracks and sample auxiliary
information. User-defined components may be used to carry per-pixel specific information, either in the
same sample or item as the described pixels or in a separate track or item.

The tools defined in ISO/IEC 14496-12 and ISO/IEC 23008-12 should be used whenever applicable, namely
to specify pixel aspect ratio, colour information, clean aperture, content light level, mirror and rotate
properties or track header matrix, etc.

© ISO/IEC 2024 - All rights reserved
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An uncompressed video media sample or item consists of one uncompressed frame. Each uncompressed
frame is organized as a set of one or more rectangular, non-overlapping and contiguous (without holes)
areas called tiles.

ISOBMF allows constructing files referring to external data. This enables building ISOBMF files describing
existing uncompressed image or video files without having to copy the media data, simplifying integration
into existing workflows.

4.2 Storage in media tracks

Uncompressed video tracks compliant to this document are tracks compliant to ISO/IEC 14496-12 that use
avisuplSampleEntry With codingname equal to 'uncv', hereafter called uncompressed video sample entry.

The upcompressed video sample entry shall contain
— Olle UncompressedFrameConfigBox;
— oI)e ComponentDefinitionBox if the UncompressedFrameConfigBox version is not 1;

When|both UncompressedFrameConfigBox and ComponentDefinitionBox are presentiin the sample entry, the
ComponpentDefinitionBox shall precede the UncompressedFrameConfigBox.

The cqmpressorname field of an uncompressed video sample entry should bé)set to all 0 (empty string). The
depth field of an uncompressed video sample entry shall be ignored and should be set to 0, the bit degth per
compqnent being indicated by the uncompressedFrameConfigBox.

The handler type associated with the track is usually 'vide', ‘@uxv' or 'pict' but derived specifidations
may introduce new handler types. The width and neight fields of the sample entry documents thg exact
frame|dimension, in pixels of any non-subsampled component, of any sample of the video stream that is
descriped by this sample entry. Consequently, if the frame dimension changes within a video track, mpultiple
samplg entries shall be used.

The pgyload of an uncompressed video media sample consists of one uncompressed frame.

The sife in bytes of an uncompressed video media sample shall be at least the size in bytes required t¢ store
all the|components values documented by the uncompressed video configuration as defined in subclaulse 5.2.

NOTE The sample data can be larger than the size in bytes required to store all the components values, tyjpically
to storp information in the trailing data: How such additional bytes are handled by a file reader is out of scope of this
documgnt.

Each hncompressed video media sample shall be marked as a sync sample. As a consequende, the
SyncS4dmpleBox, ShadowSyhcBSampleBox, CompositionOffsetBox and CompositionToDecodeBox shall jhot be
present in the track.

Media|tracks containing only non-visual components should be marked as not present in the presentation,
i.e. trdck in movieflag should not be set.

Media| tracks:-¢ontaining user-defined components providing per-pixel information for pixels in another
track should tse a track reference of type 'cdsc' to the track they describe.

4.3 Storage in image items

An uncompressed image compliant to this document is an image item compliant to ISO/IEC 23008-12 with
the item type 'unci'.

An uncompressed image shall be associated with:

— an UncompressedFrameConfigBox essential item property, i.e., essential shall be equal to 1 for an
UncompressedFrameConfigBox item property associated with an image item of type 'unci’;

— acComponentDefinitionBox essential item property if the UncompressedFrameConfigBox version is not 1;

© ISO/IEC 2024 - All rights reserved
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— an ImageSpatialExtentsProperty Whose image width and image height fields shall document the exact
frame dimension, in pixels, of the reconstructed image, i.e. the size of the image before applying any

as

sociated transformative properties.

The payload of an uncompressed image consists of one uncompressed frame.

The size in bytes of an uncompressed image item shall be at least the size in bytes required to store all the
components values documented by the uncompressed video configuration as defined in subclause 5.2.

NOTE

The image item data can be larger than the size in bytes required to store all the components values,
typically to store information in the trailing data. How such additional bytes are handled by a file reader is out of

fthis document

scope

An un
ISO/IH

Unconppressed images containing only non-visual components should be marked as hidden.items, i.¢

(flags

Unconppressed images containing user-defined components providing per-pixel information for pi

anothg

If an
uncon;

5 U
5.1

5.1.1

Box Ty
Conta
Mand3
Quant
image

The ¢
associ

Comp
docun;
alsor
comp(

For all boxes~referring to components defined in the componentbDefinitionBox, the assdg

Compof

— fo

rompressed image can be further documented using the various tools defined in ISO/IEC 14496
C 23008-12, such as descriptive item properties.

& 1) equal to 1 in their 1temInfoEntry.

b1 item should use an item reference of type 'cdsc' to the item they describe.

ncompressed item is associated with an AuxiliaryTypeProperty indicating alpha (resp. dept
pressed item shall have one and only one component of type alpha-{resp. depth).

ncompressed frame description
Component Definition

Definition

pe: 'cmpd'

ner: Video sample entry, TtemPropertyContdinerBox

tory: see below

ty: At most one per uncompressed video sample entry or at most one associated per uncompre
item

mponentDefinitionBox iS used'to document the types of components present in samples or
hted with this box throughthe sample entry or through item property association.

nents defined in the~componentbDefinitionBox are referenced by indexes in various boxes
lent. Care has to bejtaken while removing components from an uncompressed video or im|
emove in other bexes any reference to the removed components. There is no requirement t
nents defined‘in the componentbefinitionBox are referenced by other boxes.

entDefanitionBox (resp. the associated UncompressedFrameConfigBox) is defined as:

-12 or

. have

kels in

h), the

bsed

items

n this
hge to
hat all

ciated

in

the same c:\mp]n nnfry asthe rnfprring hnv;

' an‘uncompressed video, the ComponentDefinitionBox (resp. UncompressedFrameConfigBox) plresent

— for an uncompressed image, the ComponentDefinitionBox (resp. UncompressedFrameConfigBox)
associated, through TtemPropertyassociationBox, to the same image item as the referring box.

This box shall be present if the version of the associated uncompressedFrameConfigBox is 0.

This b

ox may be present if the version of the associated UncompressedFrameConfigBox is 1.

When the componentDefinitionBox iS not present, the associated ComponentDefinitionBox is implicitly

define

d as indicated by the profile of the associated UncompressedFrameconfigBox, see subclause 5.3.

© ISO/IEC 2024 - All rights reserved

4


https://standardsiso.com/api/?name=7c3f36711c877f648266f5c7a2d9ce97

ISO/IEC 23001-17:2024(en)

The component index field value defined in boxes using an associated componentbDefinitionBox indicates
the index in the list of components, with value 0 indicating the first component listed in the associated
ComponentDefinitionBox. The component index field value shall be strictly less than the component count
field value of the associated componentDefinitionBox.

A componentDefinitionBox may describe two or more components with the same type (e.g. two monochrome
components representing different portions of the electromagnetic spectrum), and file readers may require
additional information to process the pixel data. How such information is provided to the file reader is out of
scope of this document.

Table 1 — Component types

Value Description
0 Monochrome component
1 Luma component (Y)
2 Chroma component (Cb / U)
3 Chroma component (Cr / V)
4 Red component (R)
5 Green component (G)
6 Blue component (B)
7 Alpha/transparency component (A)
8 Depth component (D)
9 Disparity component (Disp)
10 Palette component (P)
The component format value for this eomponent shall be 0.
11 Filter Array (FA) component such as Bayer, RGBW, etc.
12 Padded component (unused bits/bytes)
13 Cyan component (C)
14 Magenta component (M)
15 Yellow component (Y)
16 Key (black) compenént (K)
17 to 0x7FFF ISO/IEC reserved
0x$000 to OxFFFF User-defined component type(s)

Compgnent types reflect only.a nominal characterization of the pixel data and how that pixel data

should

be displayed; precise bandpass limits, for example, are not implied and may differ from image to image. For
some ¢omponent types,.some other boxes can provide additional information, such as colourInformat{onBox

Or MasferingDisplayCe¥ourvVolumeBox. For other component types, the signalling of such information
of scope of this document.

ifa colourInfexmationBox is present for the media sample or item:

if [thel dolourinformationBox describes components by numbers, there shall be at least as

matched by indices;

if the colourInformationBox describes components by labels (e.g. Y, Cb / U, Cr / V or R, G, B),
components shall be present in the image after applying palette or filter array, if any.

is out

many

cdmponents in the reconstructed image as indicated by the colourInformationBox, and components are

these

If the bands need to be identified beyond the component type, it is recommended to use URIs in place of the
enumerated component_type value.

© ISO/IEC 2024 - All rights reserved
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Syntax

aligned (8) class ComponentDefinitionBox extends Box('cmpd') {
unsigned int (32) component count;

{

unsigned int (16) component type;
if (component type>=0x8000) {
utf8string component type uri;

}

} [component count];

}
5.1.3

Semantics

(efe
(efe

(efe

5.2
5.2.1

5.2.1.

Box Ty
Conta
Mandz:
Quant

The u
compq
compq
dispar
the as

Comp
refere

together with various sensor information (polarization, non-uniformity correction, broken pixels, etc

For ed
floatin

Pixel ¢

type fleld, with bytealignment for each row and tile specified by the fields row align sizeand tile

size.
specif

Some
This is

mponent count indicates the number of components described in this box.
mponent_type indicates the type of the component, as defined in Table 1.

mponent type uri indicates a URI describing the user-defined component type.
Uncompressed Frame Configuration
Definition

|  Overview

pe: 'unccC'

ner: Video sample entry, TtemPropertyContainerBox

tory: Yes, if codingname of the sample entry is 'uncv' orifthe item type of the item is 'unci’
ty: One per uncompressed video sample entry or one associated per uncompressed image item|

hcompressedFrameConfigBox describes uncompressed frames that are composed of one or
nents. RGB or YUV formats are typical examples’of such uncompressed frames for which each
nent is a component of the uncompressed frame. Other component types can also be describe

more
colour

d (e.g.

ity, transparency, infra-red). The type of-each component is specified by the component type field in

bociated componentDefinitionBox.

nent values may be absolute values-or indexes into a colour palette, with adjustable black and
hce levels. Pattern-based sensor‘data, such as Bayer, can be described through user-defined pa

ch component, this box specifies the numerical format (e.g. unsigned integer, IEEE 754 biry
g point) and bit depthrthrough the component format and component bit depth minus_one fiel

ata may be interleaved per component, per pixel, per row or per tile, as specified by the inter

Pixel data midy also be grouped together in blocks, typically to respect endianness constrai
ed by then{ock size, block pad lsbandblock little endian fields.

ormats; such as YUV video, do not always use the same 2D resolution for each component of the
indicated by the sampling type field.

white
‘terns,

).

ary32
Is.

leave
lign
nts, as

frame.

The uncompressedrrameConfigBox may indicate a profile, allowing faster identification of the class
of video data used. Profiles are defined in subclause 5.3. Some profiles may use version 1 of the
UncompressedFrameConfigBox, in which case only the profile is given and the componentbDefinitionBox, if
absent, is implicitly defined by the profile.

5.2.1.2 Component ordering and constraints

Each pixel in a frame is made of one or more components, where each component is assigned a type (e.g. ‘Y’,
‘U’,‘V’), as detailed in subclause 5.1.

© ISO/IEC 2024 - All rights reserved
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The order in which components are specified in the UncompressedFrameconfigBox indicates the order in
which components are placed into the sample data or within blocks, prior to blocking and endian conversion.

Some formats, such as Bayer image data, contain a 2D array of single-component values, with each
individual component value assigned to a component type using a fixed pattern. Such formats are described
as mono-component data with no subsampling, use a component type of 11 (‘FA’). There shall be at most one
component with type 11 (‘FA’) present in the component list. There may be additional components of other
types present, for example to associate an alpha component with a Bayer image. If a component with type
11 (‘FA’) is present, there shall be a componentPatternbDefinitionBox present in the video sample entry or
associated to the item to indicate the pattern of component values.

Some formmatscode colours according to a Set of predefined cotours, or patette. Such formatsare deseribed
as single-component with no subsampling, use a component type of 10 (‘P’). There shall be at-most one
compdnent with type 10 (‘P’) present in the component list. There may be additional components of other
types present, for example to associate per-pixel alpha component with a palette image. If a component with
type 10 (‘P’) is present, there shall be a componentPaletteBox presentin the video sample entry or assdciated
to thefitem to indicate the palette values.

5.2.1.3 Component size and numerical format
The v4riable component bit depth for a component is defined as (componentﬁbitidepthiminusione + 1).

For a given component, the binary representation of each value is given bjconponent bit depth (the size in
bits offeach component value) and component format.

The pgssible values for component format field is defined in Table-2¢

Table 2 — Component formats

Value Description
0 Component value is an unsigned integer coded on component_bit depth bits.
1 Component value is an{EEE 754 binary float number coded on component _bit Hepth

bits (e.g. if component~bit depth is 16, then the component value is coded as IHEE
754 'binary16'). For'this component format, component _bit depth values shall|be 16,
32, 64,128 or 2565 other values are forbidden.

2 Componentvalue is a complex number coded on component bit depth bits,
where the first component bit depth/2 bits represent the real part and the next
component bit depth/2 bits represent the imaginary part. Each partis coded gs
an IEEE*754 binary float of the size component bit depth/2. For this component
fotmat, component bit depth values shall be 32, 64, 128 or 256; other values afe
forbidden.

3to 255 ISO/IEC reserved for future definition.

If comgonent aligp)size is 0, the component value is coded on component_bit depth bits exactly.

Otheryise (conpanent align size isnot0), the component value is coded as a word WC of component #1ign
size bytes, starting on a byte boundary. This implies that some pre-alignment padding bits may be present
after the prévious component value stored; if such pre-alignment padding bits are present, they shallfbe set
to 0. Tlhe'least significant bit of the component value is located at the least significant bit of WC. Alighment
padding bits, if present, are Tocated at the most significant bits and shall be set to 0. If components Tittle
endian is 0, wc is stored as a big-endian word. Otherwise (components little endianis 1), WCis stored as a
little-endian word.

NOTE For example, a pixel with 10-bit unaligned (component align size=0) R, G and B components, followed
by a 1-byte aligned 7-bit A component, stored using pixel interleaving mode, would exist in the sample data as 30
consecutive bits containing R, G and B, followed by 2 pre-alignment padding bits for byte alignment, followed by one
alignment padding bit then followed by the 7-bit A value (bringing the A value aligned on 1 byte), for a total of 5 bytes.

© ISO/IEC 2024 - All rights reserved
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For each component, component align size shall be either 0 or such that component align size*8 is
greater than component bit depth. If components little endian is 1, block little endian shall be 0 and
component align size of each component shall be different from 0.

Storage of aligned component values is illustrated in Figure 27.

5.2.1.4 Tiling

The uncompressed frame data is structured in a 2D grid of tiles, where the number of tiles in the horizontal
direction (resp. vertical direction) is specified by the variable num tile cols minus one+l (resp.num tile
rows_minus one+1). Tiles allow grouping together the component values of pixels close to each-other (i.e., in

the sa

All tile

cols 1
with «

If the

num_t]

appro
shall &

prope
heighf

Tiles s
the fir

me spatial region of the frame).

s have the same width and height. The frame width (resp. height) shall be a multiple 0f num|
inus one+l (resp. num_tile rows_minus_one+1). The tile width is w/ (num tile col#\mihus g

the frame width, and the tile height is h/ (num_tile rows minus one+l), with n the ffame height.

vidth (resp. height) in a source image is not an integer multiple of num tile col$“minus_one+l]
le rows minus one+l), an application creating the tiled frame shall pad the’source image w
briate number of columns to the right (resp. rows to the bottom), and the original image dim
e documented using a CleanaApertureBox for media tracks or a clean @pefture transformativj
'ty for image items. The width and height fields of the sample entry~or the image width and
fields of the ImagespatialExtentsProperty shall specify the paddeéd-width and height.

| tile
ne+1),

(resp.
ith an
bnsion
e item
lmage

hall be stored in raster-scan order: the top-left tile is stored firSt, followed by the tile to its right, and

5t tile of a tile row is stored after the last tile of the previousitile row.

Within a tile, component values shall be stored in raster-scan‘order, left-to-right and top to bottomn

given
pixel {
x vk

5.2.1.

5.2.1.}

component, the value for pixel {x+1,y} is stored after+(but possibly not contiguous with) the va
k,y}, and the value for pixel {x,y+1} is stored after (butpossibly not contiguous with) the value fo

5 Sampling mode

5.1 Definition

All conponents in a frame either have.the same dimensions or use pre-defined sampling modes, ind

by the

NOTE
for eac

NOTE %

sampling type field. Possiblewalues for this field are described in Table 3.

| A sampling mode can‘restrict the possible interleaving modes since the number of values is not th
h component.

Derived specifications can further restrict the usage of sampling modes with tiling.

Table 3 — Sampling type values

: for a
ue for
r pixel

icated

£ same

Vdlue Sampling mode
0 No subsampling
1 YCbCr 4:2:2 subsampling
2 YCbCr 4:2:0 subsampling
3 YCbCr 4:1:1 subsampling
4 to OxFF Reserved

5.2.1.5.2 No subsampling

In this mode, all components have the same width and height as the frame.

The tile width and height are not restricted. Derived specifications can further restrict this, for example to
enforce width and height to be multiples of 2 in case Y, U and V components are present.

© ISO/IEC 2024 - All rights reserved
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5.2.1.5.3 YCbCr 4:2:2 Subsampling

This sampling mode shall only be used if the following conditions are all true:

— all three component_type values ‘Y’, ‘U’ and ‘V’ are present in the component list;

— th

e tile width is a multiple of 2;

— the interleave type field is set to 0 (component interleaving mode), 2 (mixed interleaving mode) or 5
(multi-Y pixel interleaving mode).

The width and height of the ‘'Y’ component are the width and height of the frame. The height of the ‘U’ and ‘V’

compqnent is the same as the height of the ‘Y’ component. The width of the ‘U’ and ‘V’ component is.h@alf the

widthof the ‘Y’ component. Components of other types may be present, and have the same dimension|as the

‘Y’ component.

Pixels|{{x,y} and {x+1,y}, with x%2==0, share the same component values ‘U’ and ‘V’.

If row [align size isnot0 and interleave typeis0:

— rdw_align size shall be a multiple of 2;

— thle row alignment for components of type ‘U’ and ‘V’, as defined in 5.2.1.7;shall be done using row #1ign
silze/2.

Iftild align sizeisnotO:

— tille align_size shall be a multiple of 2;

— the tile alignment for components of type ‘U’ and ‘V’, as.defined in 5.2.1.7, shall be done using|tile
allign size/2.

5.2.1.5.4 YCbCr 4:2:0 Subsampling

This sampling mode shall only be used if the following conditions are all true:

— al| three component_type values ‘Y’, ‘Uand ‘V’ are present in the component list;

— bath tile width and height are mulfiple of 2;

— the interleave type field is set'to 0 (component interleaving mode) or 2 (mixed interleaving mode).

The wjdth and height of the ‘Y._component are the width and height of the frame. The width of the ‘U’ and ‘V’

compdnent is half the width of the ‘Y’ component’. The height of the ‘U’ and ‘V’ component is half the fheight

of the|'Y’ component. Components of other types may be present, and have the same dimension as the ‘Y’

compdnent.

Pixels|{x,y}, {x+Ly}{x,y+1} and {x+1,y+1} with x%2==0 and y%Z2==0, share the same component valpes ‘U’

and ‘V/[.

IfrowialignisizeiSnOtOEﬂuiinterleaveitypeiso:

- r(,wictlj_gui e ohall bc & “‘ultiplc uf 2,

— therow alignment for components of type ‘U’ and ‘V’, as defined in 5.2.1.7, shall be done using row align
size/2.

Iftile align sizeisnotO:

— ti

le _align_size shall be a multiple of 4;

— the tile alignment for components of type ‘U’ and ‘V’, as defined in 5.2.1.7, shall be done using tile

al

ign size/4.

© ISO/IEC 2024 - All rights reserved
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5.2.1.5.5 YCbCr 4:1:1 Subsampling

This sampling mode shall only be used if the following conditions are all true:

— all three component_type values ‘Y’, ‘U’ and ‘V’ are present in the component list;

— tile width is a multiple of 4;

— the interleave type field is set to 0 (component interleaving mode), 2 (mixed interleaving mode) or 5
(Multi-Y pixel interleaving mode).

The width and height of the ‘Y’ component are the width and height of the frame. The height of the ‘U’ and

‘V’ corpponent is the same as the height of the ‘Y’ component. The width of the ‘U’ and ‘V’ component
width|of the ‘Y’ component divided by 4. Components of other types may be present, and hayé [thd

dimenjfsion as the ‘Y’ component.

Pixelsi{x,y}, {x+Ly}, {x+2,y}, {x+3,y}, with x%4==0, share the same component values ‘U’ and V".

Ifrow_align_sizeiSHOt()andjjmerleave_typeiso:

— rdw_align size shall be a multiple of 4;

— thle row alignment for components of type ‘U’ and ‘V’, as defined in 5.2.1.7;shall be done using row

silze/4.

Iftild align sizeisnotO:

— tille align size shall be a multiple of 4;

— the tile alignment for components of type ‘U’ and ‘V’, as.defined in 5.2.1.7, shall be done using

allign size/4.
5.2.1.6 Interleaving modes

5.2.1.6.1 Definition

The iffterleaving mode of pixels within a-tile (or within the frame if a single tile is used) is indica
inter]eave type, as defined in Table4.The interleave type shall apply to all listed components

stated|otherwise in the interleaving mode definition.

NOTE The interleaving describes the layout of values within the sample data. Positioning of sample data

the corjtainer file is done accordingto ISO/IEC 14496-12.

Table 4 — Interleaving type values

is the
same

lign

tile

ted by
unless

within

Value Interleaving mode
0 Component interleaving
1 Pixel interleaving
2 Mixed interleaving
3 Row interleaving
4 Tile-component interleaving
5 Multi-Y pixel interleaving
6 to OxFF Reserved

5.2.1.6.2 Component interleaving

For a given component, values for all pixels of a tile shall be located sequentially in the sample data.
Component values shall be located in the order the components were declared.
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10


https://standardsiso.com/api/?name=7c3f36711c877f648266f5c7a2d9ce97

ISO/IEC 23001-17:2024(en)

Component interleaving mode can be used with a single tile, as illustrated in Figure 1, or with multiple tiles,
as illustrated in Figure 2. In both examples, R is the first component, G is the second and B is the third.

a

>
1 |Bo B1| B2 B3 T T T
ROTRL | R2Z | R3 | R4 R5 | R6T'RT,
B7 | . ;
S |60 611Gz G377 | .Tpg  R9 R10 R11 R12| R13 R14 RtS B
oo o | ma w167 P
! [RoTR1 R2TR3 |7 ) GO Gl G2 G3 G4 G5 G6 G7
"s ," “‘Gfi 815
"'R4 R5 R6 R7Y. G8 | G9 G10 G11 G12 G13 G14 G15,
<4 o .nv-)
\Re Ro R10 R11£15|  Glpo B1 B2 B3 B4 BS B6 \B7
\“ "o )\\’
R1Z R13 R14 R15 B8 | B9 B10 B11 B12 B13(53% B15
Seo __o" Pa)
Key
1 frame

a2 Infreasing memory addresses.

Figure 1 — Single tile component interleaving example

1 a
K P --~\\ \ >
<% B0 B1)B2 B3 o
S Seea RO R1 R4 R5 GO Gl G4 G5
R R ok g PR
; a}GO ERp GiBo | B1 B4 B5 RZ R3 R6 | R7
' ) I P
" ° “‘ 'o' G7 311
. RO | R1} B2 R3 G2 | G3 | G6 | G7 B2 B3| B6 B7
v pis
R4 R5:Ré6 R7 [11[ R8 R9 R12 R13| G8 G9 G12 G13
R8 R9 R10 R&C& B8 B9 B12 B13 R10 R11 R14 R15
)
R12 R13 R14 R15 G10 G11 G14 G15 B10 B11| B14 B15
Key
1 tile

a  Infreasingmemory addresses.

Figure 2 — Multiple tiles component interleaving example

5.2.1.6.3 Pixel interleaving

For a given pixel, the component values shall be located one after the other, in the order the components are
declared, with the first component of a pixel following the last component of the previous pixel.

Pixel interleaving mode shall only be used if sampling type field value is 0, i.e. when all components are at
the same resolution.
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Pixel interleaving mode can be used with a single tile, as illustrated in Figure 3, or with multiple tiles, as
illustrated in Figure 4.

1 o"s‘ >
AP0 BL B2 B --->{R0 | GO | BO} R1 | G1 B1 R2 G2

° 7

y 0 "' IB7
Y60 761 62 63 GB2 [R3 | G3 B3 | R4 | G4 B4 | RS

Seccocdecccs pPooce”

T G7 p11

RO /R1 R2 R3 G5 B5 R6 | G6 B6 | R7 | G7  B7
e 315
R4 RS  Re Rr7 P11 R8 G8 B8 | R9 | G9 B9 R10 G1
a)
VvV
R8 | R9 R10 R11P1° B10 R11/G11 B11|R12/G12 B12 (1\13
N\
R12/R13 R14 R15 G13 B13 R14 G14 B14 R15(G15 B15
Key
1  pikel

a2  Infreasing memory addresses.

Figure 3 — Single tile Pixel interleaving example

1 ’ "" ~2 a
o \‘ >
s/ BO}B1 B2 B3 e o T
[ R SR -»\.XRIS\ GO BO!R1 Gl B1 R4 G4
v JE B7 i e
60 p61 G2 G3 G{B4 [R5 | G5 | B5 Rz | GZ B2 R3
c7 Bl
RO R1 R2 R3|[" G3 B3 |R6 | G6 B6 R7 | G7 B7
“'-"' G1£;15 1
R4 R5 R6 R7 [V R8 G8 B8 R9 | G9 B9 R12 G12

R8 WW B12 R13|G13 |B13 R10 G10 B10 R11

12 R13 @)R15 G11  B11 R14|G14 | B14 R15 G15 B15

Key
tile
pikel

a2  Infreasing memory addresses.

Figure 4 — Multiple tiles Pixel interleaving example

5.2.1.6.4 Mixed interleaving
Mixed interleaving mode shall only be used if the following conditions are all true:
— sampling type field value is not 0;

— sampling type value explicitly allows this interleaving mode;
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— the ‘U’ and ‘V’ components are consecutive in the component list, i.e. ‘V’' component immediately follows
‘U’ component or ‘U’ component immediately follows ‘V’ component.

For all components other than ‘U’ and ‘V’, component values for all pixels shall be located as specified for
component interleaving mode in the order they are declared. The ‘U’ and ‘V’ component values shall be
located as specified by pixel interleaving mode; the first value for component ‘U’, if declared first, or ‘V’
otherwise, shall be located after the last value of the component preceding ‘U’ or ‘V’ if any, or first in the tile
otherwise.

NOTE

Mixed interleaving mode is typically used to store YUV 420 data with all Y components followed by
interleaved U and V components.

Figurd

sampl]

ngitype=1.

| 5 illustrates mixed interleaving for sampling type=2 and Figure 6 illustrates mixed interleav

Vo V1
uo U1
YO | Y1 | Y2 | Y3 V3
Y4 | Y5 | Y6 | Y7 (43
Y8 Y9 Y10 Y11
Y12 Y13 | Y14 | Y15

Figure 5 — Mixed interleaving for YUV 420 example

creasing memory addresses.

|
YO | Y1 | Y2 | Y3
A
Y4 | Y5 | Y (1{7
A
X/
Y8 | Y ;}10 Y11
S
Y1g& 3 Y14 Y15
ﬁo Vo | U1 | V1
U2 V2 U3 | V3
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-
Vo V1 YO | Y1 | Y2 | Y3
V2 V3 Y4 | Y5 | Y6 | Y7
. s l Y8 | Y9 |Y10 Y11
L B Y12| Y13 Y14 Y15/~
YO | Y1 |Y2| V3| _ Vs
i S{uovo U1 vi
Y4 | Y5 | Y6 | Y7

Uz vz U3 V3

Y8 | Y9 Y10 Y11

U4 V4 U5 | V5

A

Y12 Y13 Y14 Y15

U6 | V6 | U7

D

a2 Infreasing memory addresses.

Figure 6 — Mixed interleaving for YUV422 example

5.2.1.6.5 Row interleaving

For a [given row, component values for each component shall be located sequentially, in the order the
compdnents are declared. Each non-first row in the tile shall be located after the previous row. If multiple
tiles afre used, the first component of the first rowsof a tile shall be located after the last component|of the
last row of the previous tile.

Row interleaving mode shall only be used.if samp1ing type field value is 0, i.e. when all components|are at
the same resolution.

Row interleaving mode can be used with a single tile, as illustrated in Figure 7, or with multiple tiles, as
illustrpted in Figure 8.
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BO B1 B2 B3 R e e -
_.-»| RO | R1 | R2 RS%GO Gl | G2 | G3

x

'1 | | \B7
o [EOe ez G G{Bo B1 B2 B3 R4 |R5|R6 | R7

TR TR [ et 65 6o o7 Bs b5 o w7
rRe | RS | Re | R7 F11[5 R8 | R9 R10 R11 G8 | G9 G10 G11
R8 | R9 R10 R11[1° B8 B9 B10 B1l R12 R13 R14 R15
R12 R13 R14 R15 G12 G13|G14 G15 B12 B13 B14@&>
Key
1 rojw

a2 Infreasing memory addresses.

Figure 7 — Single tile row interleaving example

-B?.~“.‘ peocopo=e= bectcnecncncecccccencns N

-4z R0 | R1'GO | G1 LBolm % R4 | RS

,é‘7 ‘eooed 2{\3 . o

G ?. B4 | B5 RZ | R3 | G2
G465 5 3| G2 | G3

311 N
B2 B3 | R6 | R7 | G6 | G7  B6 | B7
B15

R8 | R9 G8 G9 B8 B9 R12 R13

RITETS G12 G13|B12|B13 R10 R11/G10 G11

B10 B11 | R14 | R15|G14 G15 B14 B15

Key
tile
row

a2 Infreasing metnory addresses.

Figure 8 — Multiple tiles row interleaving example

5.2.1.6.6 Tile-component interleaving

For each component, in the order they are declared, the values for each component for all tiles shall be
located sequentially, with values within the tile located per each individual tile.

Tile-component interleaving mode shall not be used if only a single tile is defined.

Tile-component interleaving mode shall only be used if sampling type field value is 0, i.e. when all
components are at the same resolution.

Tile-component interleaving mode is illustrated in Figure 9.
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creasing memory addresses.

5.2.1.I.7 Multi-Y pixel interleaving

'1 >
~~ |BO Bl B2 B3 PR B e R =
_,.v:‘RolmIm{Rs; R2 | R3  R6 R7
'0' oﬁ"7’ ------------------- ‘
; |[60|61 62.-63 R8 | R9 R12 R13 R10| R11 R14 R15|~
Ve 311 R T
¢ 0 | R1Vv-R2 R3 |47 (o | 61|ce|es e2|aslceler
‘R4 | R5! R6 | R7 G8 | G9 G12/G13 G10 G11 G14 G151~
R8 R9 R10 R11[1° ('Bo|B1|B4|B5 B2 B3 B6 B7
R12 R13 R14 R15 B8 | B9 B12 B13 B10 B11 B14 ,g‘(sL

Figure 9 — Tile-component interleaving example

nent values shall be organized as with interleave tgpe=1 (pixel interleaving mode), and the
nents shall contain multiple ‘Y’ components representing the multiple ‘Y’ component values assa
single pair of ‘U’ and 'V’ component values.

" and ‘V’ components shall only be listed once ih the list of components.

There are no restrictions on the order of declaration of the ‘Y’ components; derived specificatid
restrict this.

less of how the multiple ‘Y’ compenents are interleaved with the ‘U’ and ‘V’ components,
nent values shall be stored in left-to-right, top-to-bottom order.

chrominance components-are subsampled according to 4:2:2 subsampling (sampling type=
nent list describes twqherizontally consecutive pixels, and thus shall include two ‘Y’ compa
enting the two ‘Y’ values associated with a single pair of ‘U’ and ‘V’ component values. For ex
,‘V’, Y’} for samplifg type=1 (YUV 4:2:2) indicates that the Y value of the second pixel shall be 1
he 'V’ componenfvalue (see Figure 10).

list of
ciated

ns can

the ‘Y’

1), the
nents,
hmple,
bcated
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creasing memory addresses.

Figure 10 — ‘U’,‘Y’, ‘V’, ‘'Y’ 4 :2 :2 example

{1 I
W a
~N
vi xO >
Uo C\;\\O U0 | YO Y1 VO V2 Y3 [
U\ Glut va vs| vt ve v
YO | Y1 | YZ Y3 U2 | Y8 | Y9 | V2 Y10 Y11
O.
Y4 %59% Y7 ‘ U3 |Y12|Y13 V3 Y14 Y15
1@\28{9 Y10 Y11
Y12| V13 Y14 Y15

Vo V1
V2 V3 >
uo U1l Vs U0 | YO VO | Y1 |U1)|Y2 | V1l | Y3
u2 us (»UZ Y4 | V2| Y5 | U3 | Y6 | V3 Y7
YO Y1) Y2 Y3 |ys U4 | Y8 | V4| Y9 | U5 Y10 V5 Y11
YA Y§ Y6 Y7
07 ‘ U6 [YIZ V6 [YI3| U7 [YIZ V7 YIS
Y8 | Y9 Y10 Y11
Y12|Y13 | Y14|Y15

chrominance components are subsampled according to 4:#31 subsampling, the compone
bes four horizontally consecutive pixels, and thus shall include four Y components, representi
values associated with a single pair of U and V componentwalues. For example, {‘U’, ‘Y’, ‘Y’, ‘V’,
pling type=3 (YUV 4:1:1) indicates that the ‘Y’ value.of the second pixel shall be located after
pf the first pixel, that the ‘Y’ value of the third pixel shall be located after the ‘V’ component val
e ‘'Y’ value of the fourth pixel shall be located aftercthe ‘Y’ value of the third pixel (see Figure 11).

nt list
Ing the
Y” lY’}
the ‘Y’
e and

a2 Increasing memory addresses.

Figure 11 — ‘U’, 'Y’, ‘Y, 'V, ‘Y’, ‘'Y’ 4 :1 :1 example

Multi-Y pixel interleaving mode shall not be used for other forms of chrominance subsampling.
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5.2.1.7 Block and value alignment to byte boundaries

Padding bits can be included within the sample data to ensure that component values or pixels are aligned
to specific byte boundaries. In addition, the end of rows and tiles can be aligned to specific byte boundaries.
This may be to ensure individual component values or pixels are CPU addressable (e.g. not split across two
32-bit words), and rows and tiles of images are aligned to key boundaries (e.g. to memory pages or disk drive
sectors).

Component values can be stored either directly in the sample data or inside fixed-size blocks. The block size
in bytes is specified by the block size field.

If the bleeksizeis-O-{blockingisnotused-withinthesampledatap—m—————————————————————
— ng padding is performed between values, except potentially:
—{ in-between component values if some components use a component_align_size different from 0;
— after the last component value of a pixel if pixel size is set;
—{ after the lastvalue inarow if row align sizeisset;
— afterthelastvalueinatileiftile align sizeisset;
— Dbllock pad 1sb, block little endian and block reversed shall all be 0;
— vdlues shall be stored most-significant bit first.
Storage of component values with block size=0 is illustrated indigure 25.
If thj)

lock size is not 0:

— edch block shall consist in exactly block size byteszand shall contain exactly one or more component
vdlues, i.e. the bits representing a component value are always contained within a single block;

— by default, within a block, the first value of théfirst component of the top-left pixel of the frame shall be
stpred in the highest order bits of the first block (big-endian “left to right” format). The second valpe (for
ngxt component or next pixel of same component) shall be stored within the next set of bits in the block

up until the last component value being'stored in the least significant bits of the block;

— if the block size in bits is greater.than the size in bits of component values present in the block, padding
bifs are present. When present; these padding bits shall be located either in the most or in the least
significant bits;

— thie block size shall be(gyeater than or equal to the maximum value of component align size fdr each
cdmponent.

If pad_unknown~allie is 1, the padding bits values are not restricted, otherwise the padding bits shall all
bg set to 0.

NOTE 1 «-Radding bits can be more than 8 (one byte). Unrestricted padding bit values is typically used for]legacy
coptent with no restrictions on padded values. Derived specification can further restrict usage of pad_unknown.

If blodks=are ncnﬂ’ the block r‘nnfnining the first component of the fnp-]nﬂ' pivn] of the frame shall begin
at the first byte of the sample data. Otherwise (blocks are not used), the most significant bits of the first
component of the top-left pixel of the frame shall be located at the most significant bits of the first byte of the
sample data.

When block pad 1sbis 0, the least significant bit of the last component value in the block shall be located at
the least significant bit of the block and, consequently, any padding bits are located in the most significant
bits of the block. Otherwise (b1ock pad 1sb is 1), the most significant bit of the first component value in the
block shall be located at the most significant bit of the block and, consequently, any padding bits are located
in the least significant bits of the block.
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The order of storage, in the sample data, of the bytes within the block is determined by the endian storage
type. Figure 12 shows a 32-bit block with bits labelled from 0 (least significant bit) to 31 (most significant
bit) with the following component assignments:

Component 1: Type 4 (Red) - 8 bits
Component 2: Type 5 (Green) — 8 bits
Component 3: Type 6 (Blue) - 8 bits

Padding bits are located at the least significant bits of the block.

The lepst significant bit of each component is labelled ‘0’ and the most significant bit ‘7’.

R|IRIRRRR|R|R|G|G|G|G|G|G|G|G|B|B|B|B|/B|B|B|B fl/QV

716/5/4/3/2/1/0/7/6/5/4/3/2/1/0/7/6/5/4/3|2|1|0 ’\

31)130|29|28|27|26(25|24|23|22|21|20(19(18|17|16|15|14|13|12|11(10{9 (8 |7 |6 | 5|4 |3 |2 |1]0
Component 1 Component 2 Component 3 Component 4

Figure 12 — Assignment of 8-bit RGB components to a.32-bit block

If blo¢k little endian is O (big endian storage), the most significant byte of the block (Component 1 in
Figurd 12) shall be stored in the lowest storage byte location in the sample data. The remaining bytes shall
be stofed in increasing address spaces (Component 2 then 3 in Figure 12) and the least significant byte of
the blgck (Padding bits in Figure 12) shall be stored in the highést address location. The big-endian sforage
arrangement for the component assignments of Figure 12 is shown in Figure 13.

Storage Storage Storage Storage
Byte 0 Byte 1 Byte 2 Byte 3
N
RIR/IRIR RRIRRIG|G|G|G|G)EG|\G|\ B BBBBBB|B
76543210765@&&21076543210
31|30(29|28|27|26(|25(24|23|22|21|20(19|18(17|16|15|14|13|12|11|10{ 9|8 |7 |6 |5 |4 |3 [2|1]0

Figure 13'= Big-endian storage of the block defined in Figure 12

If blo¢k little endidmyis 1 (little endian storage), the least significant byte of the block (Padding bits
in Figire 12) shall-be)stored in the lowest storage byte location. The remaining bytes shall be stqgred in
increasing addressispace (Component 3 then 2 in Figure 12) and the most significant byte of the block
(Compgonent 1<in'Figure 12) shall be stored in the highest address location. The little-endian storage
arrangementifor the block in Figure 12 is shown in Figure 14.

Storage Storage Storage Sterage

Byte 0 Byte 1 Byte 2 Byte 3
B/B/B|B|B BB B|G|G|G|G|G G G GRRR|RRRRR
7/6/5(4/3/2/1|0|7|6/5/4/3/2/1/0/7|6/5/4|3 21(0

31|30(29|28|27|26(|25(24|23|22|21|20({19|18(17|16|15|14|13|12|11|10{ 9|8 |7 |6 |54 |3 (2|1 |0

Figure 14 — Little-endian storage of the block defined in Figure 12
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If block reversed is 0, the components order within the block shall be the component declaration order.
Otherwise (block reversed is 1), the partition of components into blocks shall remain unchanged, but the
components order within each block shall be inverted, without changing the location of padding bits. b1ock
reversed shall be 0 ifblock_little_endian is 0.

NOTE 2  Reversing the order of components in a block is typically used with little-endian storage when multiple
blocks are needed to store a single pixel value, to ensure the low bits of a block are either a continuation of the previous
pixel or a start of a new one.

An example usage of block reversed=1 is shown in Figure 23 and Figure 24. Figure 29 illustrates usage of
block reversed=1 with multi-Y interleaving mode.

Ifpixdl sizeis 0, noadditional padding is present after each pixel. Otherwise, let pixelBytes be thenpimber
of bytps required to contain all component values of a single pixel, including any padding resulting from
block|size Or component align size. pixel size shall be greater than or equal to PixelBytes, and the
numbér of padding bytes present after the last byte of each pixel shall be pixel size - PixelBytes. Ujage of
pixel [size different from 0 is illustrated in Figure 28.

NOTE pixel sizeistypically used to ensure the start of every pixel falls on a significant-architectural boyindary
(e.g. all pixels start on 8-byte boundaries).

pixel|size shall be 0 if interleave type is different from 1 or 5.

Ifbotlblock sizeandpixel size are non-zero,then the first componentvalue of any pixel shall be the first
value §tored in the first block for this pixel. This implies that the last black6f any pixel may contain addjtional
padding bits. For example, for a 10-bit RGBA image stored using blodk) size=4 and pixel size=10, the first
block for each pixel will contain the R, G, and B components and\2 bits of padding while the second block
for ea¢h pixel will only contain the A component value and 22bits of padding, and two additional bytes of
padding will be present after the second block.

NOTE 4 Specifyingpixel size together withblock size(énsures no block contains values from different pixels.

When(plock size and pixel size are both non-zere, the additional padding at the end of each pixel is not
requirjed to be a multiple of the block size.

Rows of tiles shall be byte-aligned at the end*ofthe row:

— if the block size is 0, padding bits untilbyte alignment may be present after the last component value of
thie last pixel of each row;

— Otherwise, the last block of.each row (containing the last component value of the last pixel of each row)
mpy contain more padding bits than previous blocks.

If row |align size is 0, ngadditional padding is present at the end of rows of tiles. Otherwise, let Rowsli ze be
the number of bytes requitred to contain, for a given row r:

— al] values of alkeemponents of row R if interleave typeislor5orifinterleave typeis2andcomponent
tyfpe is ‘U’ ex\V’ (including all component, block and pixel padding within and at the end of the §Jample
ddta for row'r);

— al| yalues of the current component for row r (including all component and block padding within the
sample data for row r) otherwise

The number of padding bytes present after the last byte of the current row shall be the smallest integer n,
with n>=0, such that (Rowsize+N) % row align sizeisO.

If tile align size is 0, no additional padding is present at the end of tiles. Otherwise, let Tilesize be the
number of bytes required to contain, for a given tile T:

— all values of the current component for all rows of the tile T (including all component, block and row
padding within and at the end the tile T) if interleave typeis4;
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— allvalues of all components for all rows of the tile T (including all component, block, pixel and row padding
within and at the end of the sample data for the tile T) otherwise.

The number of padding bytes present after the last byte of the last row of the tile shall be the smallest integer
N, with N>=0, such that (Tilesize+N) % tile align sizeisO.

tile align_ size shall be 0 if a single tile is used.

NOTES5  Block alignment allows groups of consecutive component values, regardless of interleaving mode, to be
aligned within an easily addressable value; for example, multiple components can be packed into 32-bit values but no
component value spans two consecutive 32-bit values. For example, a 10-bit RGBA image using pixel interleaving mode
with no component padding and 32-bit (4-byte) block padding on the right will produce a repeated pattern of four 32-
bit blo¢ks describing 3 pixels [{R,G,B}, {A, R, G}, {B, A, R}, {G, B, A}]. If tile (resp. row) padding is also specifieditd be 32-
bit (4-Byte) then the start the next tile (resp. row) will start at the next 4-byte boundary, regardless of whethef space
for the|next component value was available in the previous block. For example, with 4-byte tile alignment;if th¢ width
of the tfile is not a multiple of 3, the last block of the line will only contain 1 or 2 component values butall.4-byteg of the
last blqck will be present in the sample data.

5.2.2 | Syntax
aligngd (8) class UncompressedFrameConfigBox extends FullBox ('uncC', vefsion, 0) {

unsigped int (32) profile;
if (vgrsion==1) {
}
else {f (version==0) {
ungigned int (32) component count;
{
unsigned int
unsigned int component bit depth minus one;
unsigned int component format;
unsigned int (8) component align size;
} |component count];
ungigned int (8) sampling type;
ungigned int(8) interleave type;
ungigned int (8) block size;
bif (1) components little endian;
bif (1) block pad lsb;
bif (1) block little endian;
bif (1) block reversed;
bitf (1) pad unknown;
bif (3) reserved = 0;
ungigned int (32) pixel size;

6) component index;
)
)

1
8
8
8

)
ungigned int (32) row align)\size;
ungigned int(32) tile aflligh size;
ungigned int(32) numtdile cols minus one;
ungigned int(32) num_tile rows minus one;

}
}

5.2.3 | Semantics

profile indicates the predefined configuration for this uncompressed frame configuration, as defiped in
Table b. Value 0 indicates this uncompressed frame configuration may or may not be compliant to a grofile.
If not Prall remalmng fields in the box shall have the values indicated in Table 5 for this profile. The four-
CharaLLCI bUdC gelle 13 I'COCT VCd Cllld aha}} bC lllLCl Pl CLCd dad> d VCllblC Uf U. lf VA Y blUll lb 1, LhC Pl Ufl}C Dh 11 be a

valid profile listed in Table 5 for which version=1 is allowed.

component_count indicates the number of components present in the frames described by this uncompressed
frame configuration.

component_index indicates the index of the component listed in the associated componentDefinitionBox.
component bit depth minus_one indicates the size in bits minus one of the values for the component.

component_format indicates the format of the component, as defined in Table 2.

© ISO/IEC 2024 - All rights reserved

21


https://standardsiso.com/api/?name=7c3f36711c877f648266f5c7a2d9ce97

ISO/IEC 23001-17:2024(en)

component _align_size indicates the component byte-alignment size, as described in subclause 5.2.1.3.

sampling type indicates the sampling mode as defined in Table 3.

interleave type indicates the interleaving mode of the components, as defined in Table 4.

block size indicates the size in bytes of blocks, as described in subclause 5.2.1.7.

components little endian indicates that components are stored as little endian, as described in
subclause 5.2.1.3.

block pad 1sb indicates padding bits location, as described in subclause 5.2.1.7.

block[little endian indicates block endianness, as described in subclause 5.2.1.7.

block [reversed indicates if component order is reversed within the block, as described in subclause §.2.1.7.

pad_ugknown indicates that the value of padded bits in blocks or padded components is unknown.

pixel[size indicates the total number of bytes (including component and block (padding) used tq store
all components for a single pixel when component values for that pixel are interleaved, as descriped in
subclause 5.2.1.7.

row align size indicates the padding between rows, as described in subclause 5.2.1.7.

tile 4lign_size indicates the padding between tiles, as described in subclause 5.2.1.7.
num_tjle cols minus_one plus one indicates the horizontal numpeér of tiles in the frame.

num_tjle rows minus_one plus one indicates the vertical number of tiles in the frame.

5.2.4 | Examples

Figurgs 15 to 29 illustrate the assignment of three components to 32-bit word blocks and assdciated
storage configurations for endian and block padding options. The least significant bit of the block or of
each cpmponent is labelled ‘0’, the most significant bit is labelled ‘31". The three components for most of the
examples are defined as follows:

Component 1: Type 4 (Red) - 9 bits
Component 2: Type 5 (Green)«\10 bits
Caomponent 3: Type 6 (Blue))- 9 bits

Figurg 15 shows the assigiiment of the components to a 32-bit block (block size=4) with padding|at the
most qignificant bits (8K¥ock pad 1sb=0).

N
;.RRRRRR
{8|7|6|5|4[3|2]|1

31|3012928|27|26|25(24|23|22|21|20({19|18(17|16|15|14|13|12|11|10{ 9|8 |7 |6 |5|4 |3 [2|1]0

o =~
Nelop}
o]
o]
os]
os]
o]
os]
es]
os)
os]

GG GG G|G |GGG
8/7,6(5/4/3/2|1|0

o
~N
(o)}
ul
N
w
N
—_
o

Pad Component 1 Component 2 Component 3

Figure 15 — Example assignment of RGB to 32-bit block, padded at most significant bits

Figure 16 shows the assignment of the components to a 32-bit block (block size=4) with padding at the
least significant bits (block pad 1sb=1).
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R/ RIRIRIRIRIRIRIR|G|G|G|G|G|G|G|G|G|G|B B/B/BB|BB|BB

8/7/6/5/4/3/2/1/0987/6/5/4/3/2/108|7/6/5/4/3/2|/1/0

31(30(29|28|27|26(25|24(23|22(21|20(19(18|17|16|15|14|13|12|11(10{9 (8|7 |6 |54 |3 |2| 1|0
Component 1 Component 2 Component 3 Pad

Figure 16 — Example assignment of RGB to 32-bit block, padded at least significant bits

The rq maining rigures in this section snow various combinations oI endian, bloCcK padding, bDIoCK reverse,

compdnent alignment and pixel alignment options. “Storage Byte 0” (resp. “Storage Byte 3”) in thefig

the firgt (resp. last) byte stored in the sample data for the illustrated pixel or block.

Figurqg 17 illustrates a 32-bit block stored in big endian (with block little endian=0) and padding

least sfignificant bits (block pad 1sb=1).

lires is

bits at

Storage Storage Storage Storage
Byte 0 Byte 1 Byte 2 Byte 3
\
RIR RIRIRIR/IR/RIR|G|G|G|G|G|G|G|G|G|G|B|B|B¢B+'B|B|B|B|B
876543210987654321087,5\6\‘543210
31)130|29|28|27|26(25|24|23|22|21|20(19(18|17|16|15|14 |13 |¥2411(10{9 (8 |7 |6 |5|4 |3 |2 |1]0
Figure 17 — Big-endian block padded at least significant bits
Figurq 18 illustrates a 32-bit block stored in big endian (with block 1little endian=0) and padding |bits at
most qignificant bits (block pad 1sb=0).
Storage Storage Storage Storage
Byte 0 Byte'1 Byte 2 Byte 3
RRRRR§‘RRGGGGGGGGGGBBBBBBBBB
8765{,2109876543210876543210
31]130|29|28|27|26|25(024123|22|21|20(19|18|17|16|15|14|13|12|11({10{9 (8|7 |6 |5|4 |3 |2 |1]0
Figure 18 — Big-endian block padded at most significant bits
Figurq 19 illustrates a 32-bit block stored in little endian (with block little endian=1) and paddingbits at

least sfignificant bits (block pad 1sb=1).
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Storage Storage Storage Storage

Byte 0 Byte 1 Byte 2 Byte 3
B|B B|B G|/G|GBI B BI B BI[RIGIGIGIG|IG|G|G/RIRIR R|IR|R|R|R
312|110 2/1/0/8/7,6/5/4/0/9/8|7|6/5/4/3|8/7/6|5|4|3 2|1
7/6|5|4(3(2|1|0/|15(14(13|12|11|10| 9| 8 [23(22|21|20|19|18(17|16|31|30(29|28|27|26|25|24

Figurd 20 illustrates Figure 19 with the byte order in the sample data reversed to better show, comjponent

alignnpent.
Storage Storage Storage Storage
Byte 3 Byte 2 Byte 1 Byte 0
RRRRRRRRRGGGGGGGGGGBBBB\E%’BBBB
8765432109876543210876\<§)43210
31(30(29|28|27|26(|25(24|23|22(21|20({19|18(17|16|15|14|13|12|11(10|9 |8 |7 |6 |54 |3 |2|1]0
Figure 20 — Little-endian block padded at least significant'bit with the storage byte order reversed
Figurg 21 illustrates a 32-bit block stored in little endian(with block little endian=1) and padding|bits at
most dignificant bits (block pad 1sb=0).
Storage Storage Storage Storage
Byte 0 Byte 1l Byte 2 Byte 3
B(B/B/B/B/ B B|B|G|G|G G|G|G|B/IRIR|IR[RIR|G|G|G R/R|R|R
7]6/5/4|3]2|1]0|6, 5% [3|2|1]0|8[4|3|2]1]0|9|8|7 87 6|5
71654 |3|2|1|0]15/14|13|12|11|10| 9| 8 |23|22|21(20(19|18|17|16|31|30(29|28|27|26/|25|24

Figure 21 — Little-endian block padded at most significant bit

Figurd 22 illustrates Figure 21 with the byte order in the sample data reversed to better show component

alignnpent,
Storage Storage Storage btorage
Byte 3 Byte 2 Byte 1 Byte 0
R/ RIRIRIRIRIRIRIR|G|G|G|G|G|G|/G|G|G|G|B BB BB/ B B|BB
8/7/6/5/4/3/2/1/0/9/ 8,7, 6/5/4/3/2/1/0/8(7/6(/5(4/3/2|1|0
31|30(29(28|27(26|25|24|23|22(21(20|19|18|17|16|15|14|13|12|11(10(9 |8 |7 |6 |54 |3 |2|1]|0

Figure 22 — Little-endian block padded at most significant bit with the storage byte order reversed
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Figure 23 illustrates a 32-bit block stored in little endian (with block 1little endian=1), padding bits at
most significant bits (block pad 1sb=0) and reversed order of component in block (block reversed=1).

Storage Storage Storage Storage

Byte 0 Byte 1 Byte 2 Byte 3
RIRI RIR/ RIR/IRIR/G|G|G|G|G|G|G|/R|B/ BB B|B|G|G|G B B|B|B
7/6/5/4/3/2/1/0/6/5/4/3/2/1/0/8/4/3/2/1/0/9/8|7 8(7|6|5
716151413 [2]1]0115(14(13/12/11[10[9 |8 [23(22|21|20[{19]18[17|16|31[30[29|28[27|26|25(24

Figure 23 — Little-endian block padded at most significant bit with reversed component ordler

Figurd 24 illustrates Figure 23 with the byte order in the sample data reversed to better show comjponent

alignnpent.
Storage Storage Storage Storage
Byte 3 Byte 2 Byte 1 Byte 0
<
BBBBBBBBBGGGGGGGG&G‘GRRRRRRRRR
8765432109876543<@10876543210
31[30|29|28|27|26|25|24(23|22(21|20|19|18|17|16|15|14|13412|11|10{9 |8 |7 |6 |5 |4 |3 |2 |1 |0
Figuree 24 — Little-endian block padded at most significant bit with reversed component orderx with
the storage byte order reversed
Figurg 25 shows storage of component Red (9 bits), Green (10 bits) and Blue (9 bits) with no block gnd no

pixel glignment.

© ISO/IEC 2024 - All rights reserved

25


https://standardsiso.com/api/?name=7c3f36711c877f648266f5c7a2d9ce97

ISO/IEC 23001-17:2024(en)

Storage Storage Storage Storage
Byte 0 Byte 1 Byte 2 Byte 3

© X
N I

R/ R|R
6|54

w X
Nolieop]
0o D

G |G
7|6

U1 @

G|G|G|G|G BB
4 0/8/7|6

os]
1 ™
os]
os]
[\Sllws)

BB
0

R
1 8

S ©
o~
Ul X

31|30

29(28(27|26|25|24|23|22|21|20({19(18|17|16|15|14|13|12(11({10/ 9|8 |7 |6 |5 |4 |3

Figurqg 26 shows storage of components Red, Green, Blue,"Alpha, each on 5 bits with no block and 3 byt
pixels (pixelisize=3).
Storage Storage Storage
Byte 0 Byte 1 Byte 2
O
RRRRRGG&‘.GGBBBB plplp
413/2/1|0|4 1104 3|21 B
EQ :
31(30|29|28|27|26)\25|24(23|22|21|20|19|18 10| 9 | 8 :
|
Component } Component 2 Component 3 Component 4 :
/
- -
|
|
|
I Storage Storage Storage
: Byte 3 Byte 4 Byte 5
|
|
l\*RRRRRGGGGGBBBB plplp
4/3/2(1/0/4(3/2/1/0/4|3/2]1
716 |54 ]3|2|1|01(31(30(29|28|27|26(25|24|23|22|21|20|19|18|17]|16

Component 1 Component 2 Component 3 Component 1

Storage Storage Storage
Byte 4 Byte 5 Byte 6
\__,RRRRRGGGGGGGGGGBBBBBBB(?\%
413|12/1/0 987/ 6/5/43/2/1/0/8/76/5|4/3% O’—>
Ve,
31|30(29|28(27|26(25[24|23|22(21|20(|19(18|17|16|15|14|13|1211|10| 9 | 8
Component 1 Component 2 Cémponent 3
(cont.)

Figure 25 — RGB - red (9 bits), green (10 bits), blue‘(9 bits), no block, no padding bits

Component 1 Component 2 Component 3 Component 4

Figure 26 — RGBA (each 5 bits), no block and 3 bytes pixel size
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Figure 27 shows storage of components Red (10 bits), Green (12 bits), Blue (10 bits) with no block and
component align size=2 for the Green component only.

Storage Storage Storage Storage Storage Storage
Byte 0 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5
R|R|R|R|R|R|R|R|R Iyl (;(;GGGGGGGGG R[R|R|R|R|R|R|R Implied
9(8|7|6|5(4(3|2(1 Padding 10987654-321 9|8|7|6(5(4|3|2 Padding \
3(3|12|2(2(2|2|2(2 1]1 2(2|1|1 (11|11 I
1|o]|o|s|7]6|s5|4]|3 o870 |32t 1|ofo|s|7]6|5]|a I
Component 1 Component 2 Component 3 Component 1 |
]
_________________________________________________ -
e
[
I Storage Storage Storage Storage Storage Storage Storage
e e e e e e e
I Byte 7 Byte 8 Byte 9 Byte 10 Byte 11 Byte 12 Byte 13
| Gla ) Gla N
[PPPPllGGGGGGGGGG RRRRRRRRRRPPPPllGGGGGGGGQ}
> 1lalo8|7|6]5]4|3]2|1]0 9)8|7]6|5|4|3]2|1]0 Nty 1alol8l7]6]5]4 ]3] 2] [j>
3(3|2(2(2|2|2(2 1|1(1|1 313(2(2]|2|2|2|2|2|2f2|2113191|1
7654321010987654 321098765432101098765432109876
Phd Bits Component 2 Component 3 Component 1 Pad Bits Compgnent 2

Figure 27 — Red (10-bit unaligned), Green (12-bit, 2-byte alignment), Blue (10-bit unaligned]
block

Figurd 28 shows storage of components Red, Green, Blue, Alpha, each on @.bits within a 32-bit blocks.
block_size = 4

Storage Storage Storage Storage
Byte 0 Byte 1 Byte 2 Byte 3
RRRRRRRRRGGGGGGGGCQ:B\BBBBBBBBPPPPP_‘
8765432108765432}2@876543210 |
|
31(30(29|28|27|26|25|24|23(22(21|20(19|18 |17}/ 15|14 |13|12|11|10(9 (8 |7 |6 |54 |3 |2 |1|0 |
|
Component 1 Compowent 2 Component 3 Pad Bits :
I
{/ ___________________________________________________
|
|
: Storage Storage Storage Storage
: Byte 4 Byte 5 Byte 6 Byte 7
|
AAAAAAAAA j>
\
876543210 P\P|PPPPPPPP|PP|PPPPPPPPP|[]
2001918 |17|16|15(14|13|12|11|10(9 |8 |7 | 6 |5 |4 |3 |2 |1|0
Component 4 Pad Bits

Figure 28 — RGBA (each 9 bits), block size (4 bytes), pixel size (8 bytes)

Figure 29 shows storage of multi-Y interleaved YUV with 422 subsampling, each component coded on 10 bits,
within 32-bit blocks with block 1ittle endian=1and block reversed=1, also known as ‘v210’ format.
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Word 0
Storage Storage Storage Storage
Byte 3 Byte 2 Byte 1 Byte 0
Al vV V|V V|V V|V V|V|Y|Y|Y|Y|Y|Y|Y|Y|Y|Y|U|U|U|U|U|U|U|U|U|U
9|8|7|6|5(4|3|2|1|0|9|8|7|6]|5|4[3]|2|1|0|9|8|7|6|5|4[3]|2]|1]|0

w
=
w
S
N}
©

28|27 (26(25|24(23[22(21(20|19(18|17|16|15|14(13|12|11|10( 9 |8 |7 |6 |5 |4 |3 |2 | 1|0
Pad Vo YO uo
————————————————————————————————————————————————— \\
Word 1 :
|
Storage Storage Storage Storage |
Byte 7 Byte 6 Byte 5 Byte 4 :
N |
. _YYYYYYYYYYUUUUUUUUUUYYYYY@ngYYY '
| 9876543210987654321098765(“*‘3210«
| L
: 31(30(29(28|27|26(25|24(23|22(21|20(19|18|17|16|15|14|13(12|11|10|9 |8 | Z]N6A4 5|4 |3 |2 |1 |0
|
: Pad Y2 U1 Y1
N e -
\
Word 2 :
Storage Storage Storage Storage :
Byte 11 Byte 10 Byte 9 Byte 8 :
|
)

._UUUUUUUUUUYYYY§‘YYYYYVVVVVVVVVV
9876543210987@ 4(3|12(1(0|9|8|7|6|5(4]|3|2|1]|0

Pad Uz Y3 Vi
N L o -
Word 3 \|
|
Storage Storage Storage Storage |
Byte 15 Byte 14 Byte 13 Byte 12 :
|
,,YY‘c;l("YYYYYYVVVVVVVVVVYYYYYYYYYY«I
98<3*654321098765432109876543210
N
31|30429128|27|26(25|24|23|22|21|20|19|18|17|16(15|14|13|12|11(10[9 |8 |7 |6 |5 |4 |3 |2 | 1|0

Bad Y5 V2 Y 4

with

5.3 Profiles for uncompressed frame configurations

5.3.1 Overview

The four-character codes defined in this subclause identify common formats for which a profile is defined.
This profile may be indicated in the UncompressedFrameconfigBox to simplify pixel format detection by file
processors.
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Profiles only provide identification of the pixel format used in uncompressed frames. Image reconstruction
may need additional information, such as colour information or chroma location, present in child boxes of
the sample entry of the track or associated with the image.

NOTE
of this document.

5.3.2 Predefined configurations

Some of these profiles are introduced to document existing practices in the industry prior to the definition

In Table 5 below, the values from the componentDefinitionBox and the UncompressedFrameConfigBox are

listed as:

{profile, [{component_type, component_bit_depth_minus_1}], sampling_type, interleave_type}

The afray of {component_type, component_bit_depth_minus_1} is given in component order,as|speci
the unkompressedrrameConfigBox, and the number of elements in the array gives the value for comp

count.

Unlesq

shall Have a value of 0.

If vergsion 1 is allowed for a profile, the implicit componentbDefinitionBoxiis defined by the ar]
companent_type in their order of appearance. For example, for the field values {' rgb3', [{4,7}{5,7},{6

indicated otherwise, all other fields of UncompressedFrameconfigBox, including flags and v

1}, the]implicit componentDefinitionBox has 3 components [4,5,6].

Table 5 — Predefined uncompressed frame formats

fied in

nent

Prsion,

ray of
711, 0,

Profil¢ identifier Description Field values for UncdmpressedFrameConfigBox
' 2vuyl 8 bits YUV 422 packed |{'2vuy’, [{2,7}{1.7}{3,7}{1,7}], 1, 5}
CbY0CrY1
"yuv2l 8 bits YUV 422 packed |{'yuv2', [{$,7}{2,7}{1,7}{3,7}], 1, 5}
YO Cb Y1 Cr
"yvyul 8 bits YUV 422 packed [{'ywyu', [{1,7}{3,7}{1,7}{2,7}], 1, 5}
Y0 Cr Y1 Cb
"vyuy[ 8 bits YUV 422 packed~\{'vyuy', [{3,7}{1,7}{2,7}{1,7}], 1, 5}
CrYOCbY1
"yuvlf 8 bits YUV 411 packed |{'yuv1', [{1,7}{1,7},{2,7},{1,7}{1,7}{3,7}], 3, 5}
YO Y1 Cb Y2 ¥3\Cr
"v308[ 8 bits YUW-444 packed |[{'v308", [{3,7}{1,7}{2,7}], 0, 1}
CrYCb
"v408| 8 bits-YUVA 444 packed [{'v408", [{2,7}{1,7}{3,7}{7, 7}], 0, 1}
Cb-Y-Cr A
"y210[ 10 bits YUV 422 packed |{'y210"', [{1,9}{2,9},{1,9},{3,9}], 1, 5}
LE block sizeshallbe2.block little endianshallbe1.blofk
YO Cb Y1 Cr pad_1lsbshall be 1.
"v410| 10 bits YUV 444 packed |{'v410', [{2,9},{1,9}{3,9}], 0, 1}
CbYCr, 2 unused bits block sizeshallbe4.block little endianshallbe l.blofk
pad_] bshallbe 1 11 nhk_r@ ersedshallbe 1
'v210" YUV 422 10 bits packed |{*v2107, [{2,9},{1,9}{3,9},{1,9}], 1, 5}
CbyCr block sizeshallbe4.block little endian shallbe 1.block
pad_lsbshallbe 0.block reversed shall be 1.
Frame width shall be a multiple of 48.
row align size shall be 0.
'rgb3! RGB 24 bits packed {"rgb3", [{4,7}{5,7}{6,7}], 0, 1}
Version shall be 0 or 1.
11420 YUV 420 8 bits planar  [{"i420", [{1,7}{2,7}{3,7}], 2, 0}
YCbCr
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Table 5 (continued)
Profile identifier Description Field values for UncompressedFrameConfigBox
'nvl2' YUV 420 8 bits {'nvi2", [{1,7}{2,7}{3,7}], 2, 2}
semi-planar YCbCr
'nv2l' YUV 420 8 bits {'nv21", [{1,7}43,7}{2,7}], 2, 2}
semi-planar YCrCb
'rgba’ RGBA 32bits packed {'rgba’, [{4,7}{5,7}{6,7}{7,7}], 0, 1}
Version shall be 0 or 1.
'abgr' RGBA 32bits packed {"abgr"', [{7,7},{6,7},{5,7}{4,7}], 0, 1}
Version shall be O or 1.
"yuz2| YUV 422 8 bits planar  [{'yu22"', [{1,7}{2,7}{3,7}], 1, O}
YCbCr
tyva2| YUV 422 8 bits planar  [{'yv22"', [{1,7}{3,7}{2,7}], 1, O}
YCrCb
"yv20| YUV 420 8 bits planar  [{"yu22"', [{1,7},{3,7}{2,7}], 2, 0}
YCrCb

5.4 MIME type sub-parameters

When[the ‘codecs’ parameter of a MIME type is used, as defined in RFG(6381, its value shall be fornatted,

using field values of the componentDefinitionBox and the UncompredsédFrameConfigBox, as follows
element in the value is separated from the previous one using a dot.".’):

— The first element of the value shall be set to ‘uncv’ for videoytracks and to ‘unci’ for image items;

— Iftthe profile field is not 0, an element equal to the profile four-character code string (case sensif
afpended;

— Otherwise (the profiie field value is 0), the strirg ‘gene’ (case sensitive) is appended;

— Optionally if profile field is not 0, mandatory otherwise:

an element equal to the sampling ‘gype expressed in hexadecimal is appended;
an element equal to the interleave type expressed in hexadecimal is appended;
an element equal to the btock size expressed in hexadecimal is appended;

an element equal to €T’ is appended, with ¢ the number of tile columns in hexadecimal an
number of tile row's in hexadecimal;

(each

ive) is

] r the

for each compenent, in order of appearance, listed in the UncompressedFrameCconfigBox, an element

equal to /alb’ may be appended, with a the hexadecimal value of component type and
hexadecimal value of component bit depth. Presence of this element is not mandatory, to lix
size ofthe ‘codecs’ parameter for images with very high number of components;

finally, an element equal to ‘Nz’ may be appended, with z the number of components

b the
nit the

in the

UncompressedFrameConfigBox.

Hexadecimal value shall not be prefixed with ‘0x’, and leading zeros shall be omitted.

EXAMPLE 1 For an uncompressed video with profile yvyu: codecs=uncv.yvyu

EXAMPLE 2

For an uncompressed video with monochrome and alpha, same sampling (sampling type=0),

component interleaving mode (interleave type=0) with each value stored on 10 bits with 2 bytes blocks little-
endian left-padded: codecs=uncv.gene.0.0.2.1T1.0LA.7LA

EXAMPLE 3 For an uncompressed video with 2 bits alpha, 10 bits R, B, G, same sampling (sampling type=0), pixel
interleaving mode (interleave type=1) with no specific block alignment (block size=0)and atiling of 4 horizontal
for 3 vertical tiles: codecs=uncv.gene.0.1.0.4T3.7L2.4LA.5LA.6LA
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6 Component description extensions

6.1 Extensions for uncompressed video and uncompressed images

6.1.1

Overview

The boxes defined in this subclause can be used to provide further information on one or more components
present in the uncompressed frame. Presence of these boxes may be mandated by the presence of specific
components in the uncompressed frame (e.g. presence of a palette component mandates the presence of a
ComponentPaletteBox).

Each g
— ad
— ad

The sy
extend
define|
sectio

NOTE

formats. Derived specifications can allow usage of these boxes for compressed formats.

6.1.2

6.1.2.

Box Type: 'cpal"

Conta

Mandgtory: No

Quant

The cqmponentPaletteBox allows describifng-image data coded through a palette.

This Hox shall be present if and only‘if’there is an associated componentDefinitionBox present, in

there

If comgonentPaletteBox is used as'an item property, it shall be marked as essential.

The component value of each pixel gives the index in the palette, and shall be an integer between

value

In one

— thle same cemponent type as a component listed in the associated UncompressedFrameConfigBox;

— a

f the defined boxes can be:
ded to a video sample entry for media tracks;
ded as properties associated with an image item.

ntaxes in this section are given for a video sample entry container and the defined boxes the
| Box (resp. FullBox). When used in an ItemPropertyContainerBox, the samg syntax applies H
d boxes extend ItemProperty (resp. ItemFullProperty). The propertiés)defined in the foll
s are descriptive properties.

Most of the boxes defined in Clause 6 can apply to both uncompressed-yideo formats and compresse

Component Palette configuration

| Definition

ner: Video Sample entry, ItemPropertyContaingrBox

ty: Zero or one

s a component defined with &.cémponent type value of 10 (‘P’).

_count-1, with yalue 0 indicating the first entry in the list of pixel values of the palette.

Component P4 LefteBox, there shall not be any listed component with:

component type value of 11 ['FA').

refore
ut the
owing

l video

which

0 and

6.1.2.2 Syntax

aligned (8) class ComponentPaletteBox extends FullBox('cpal', 0, 0) {
unsigned int (16) palette components count;

{

}

unsigned int (32) component index;

unsigned int(8) component bit depth minus one;
unsigned int (8) component format;

[palette components count];

unsigned int (32) values count;
for (i=0; i<values count; i++) {
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for (3j=0; j<palette components count; j++) {
bit (X) component value;
aligned(8) bit(0) unused bits zero;

6.1.2.3 Semantics

palette components count indicates the number of components described by the palette.

component_index indicates the index of the Nth component listed in the associated componentDefinitionBox.

compof]
compo]]
value

compo]

with X

unuse

alignnpent. These unused bits shall be ignored by the file reader and should be'$et to 0.

6.1.3

6.1.3.

Box Ty
Conta
Mand:
Quant

The cd

This b
there

IfComp

The p
left pi
with {
by pos
other
The ti

In one

ent bit depth minus one Indicates the size In b1TtsS minus one of values of the Ntrcomponent,
ent_format indicates the format of the Nth component, as defined in Table 2.
_count indicates the number of pixel values following.

ent_value indicates the value of the Nth component for the given entry. This fi€ld is coded on
= component bit depth minus one + 1 of the Nth component.

_bits_zero represents the number of unused bits following the compénent value to achiev

Component Pattern Definition

| Definition

pe: 'cpat'

ner: Video sample entry, TtemPropertyContainerBos
tory: No

ty: Zero or one

mponentPatternDefinitionBox allows desctibing filter array patterns such as Bayer.

ox shall be present if and only if there-is an associated componentbDefinitionBox present, in
s a component defined with a componsnt type value of 11 (‘FA).

onentDefinitionBox is used as an’item property, it shall be marked as essential.

hittern is used to assign the-final component type to each value. The pattern is defined at tH
kel of the image, and isrepeated to cover the entire image. For a pixel position {x, y} in the
0,0} being the top-left\pixel, the coded value for that position represents the component typsd
ition {width%pattésrh width, height%pattern height} in the ComponentPatternDefinitionBd
romponent valuésfor that pixel, as defined in the componentpPatternbefinitionBox, are not preg

e width (resp., height) shall be a multiple of pattern width (resp.pattern height).

CompomentPatternDefinitionBox, there shall not be alisted component with:

— thle same component type as a component listed in the associated UncompressedFrameConfigBox;

X bits

e byte

which

e top-
mage,
given
%, and
ent.

— dcomponent type value of 10 ('P').

EXAMPLE 1

2 columns indicating components [6,5,5,4].

EXAMPLE 2

2 columns indicating components [5,4,6,5].

EXAMPLE 3

A BGGR Bayer image will be represented by a single component 11 (‘FA’) and a pattern with 2 rows,

A GRBG Bayer image will be represented by a single component 11 (‘FA’) and a pattern with 2 rows,

A BGGR Bayer image with an alpha plane following the Bayer data will be represented by two

components 11 (‘FA’)and 7 (‘A’),an interleave type of 0 and a pattern with 2 rows, 2 columns indicating components
[6,5,5,4].
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pattern with 4 rows, 4 columns indicating the R, G, B and monochrome components order.

6.1.3.2 Syntax

aligned (8) class ComponentPatternDefinitionBox extends FullBox('cpat', 0, 0) {
unsigned int (16) pattern width;
unsigned int (16) pattern height;
for (i=0; i< pattern height; i++) {

}
6.1.3.:

pattey
pattel
compo]]

compof

with B

NOTE

compo
setting
remairn

6.1.4

6.1.4.

Box Ty
Conta
Mand3
Quant

The ¢
preser

When

When
this cd
associ

— Fd

for (3j=0; j< pattern width; j++) {
unsigned int (32) component index;
double (32) component gain;

A Red-White-Green-Blue sensor image will be represented by a single component 11 (“FA”) and a

8 Semantics

n_width indicates the width in pixels of the pattern.

n_height indicates the heightin pixels of the pattern.

ent_index indicates the index of the Nth component listed in the associatéd/componentbefiniti

ent_gain indicates a gain to be applied to the Nth component, suckias for white balance cory
ayer imagery, etc. The value shall be coded as an IEEE 754 “binary32”.

The gain for each component is determined by a user defined’ method for balancing the level
hents. The application of the gain terms is also a user defined implementation. This is commonly achie

the gain value to one for the component with the highest signal’'level and to a value greater than one
ing components, thereby balancing all the components. Valuessaturate at the maximum value of a com

Component Reference Level

| Definition

pe: 'clev'

ner: Video sample entry, ItemPropertyContainerBox
tory: No

ty: Zero or one

mponentReferenceLevelBox allows describing the minimum and maximum values for comp
t in the image data.

this box is present{there shall be an associated componentDefinitionBox present.

mponent typéare derived from the colourIinformationBox present in the sample entry of the tj

rccomponents of type Y, U or V with 8 bits depth, reference black is 16 and reference white is 23

onBox.

ection
of all
ved by

for the
onent.

bnents

this box is absent or a component type is not listed in this box, reference white and black valiies for

ack or

hted withrthe image item. If the colourTnformationBox is absent, the levels for the desired component
type afe derived as follows:

5;

— For components of type Y, U or V with 10 bits depth, reference black is 64 and reference white is for 940;

— Otherwise, reference black is 0 and reference white is maximum value for component bit depth.

When componentReferencelevelBox and ColourInformationBox are both present and document reference

levels

NOTE

for the same component types, information from the colourInformationBox shall be used.

If the ColourInformationBox is present with unspecified matrix coefficients and has full range
flag setto 1, full range is assumed.

Reference levels shall be ignored for non-integer component types.
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If c1ip range is set to 1, black level (resp. white level) indicates the minimum (resp. maximum value)
for the component; readers shall clip any value less than black level (resp. greater than white level) to
black level (resp.white level).

If clip range is set to 0, readers shall transform the value N coded on k bits (as read from the sample data)
to the value black level+n* (white level-black level)/ (2%-1) before display or interpretation.

6.1.4.2 Syntax

aligned (8) class ComponentReferencelevelBox extends FullBox('clev', 0, 0)

{

< | | =
< E= E= (= aa—y

3 2 (2D
Tt vi

UN g5
{
unsigned int(32) component index;
unsigned int(l) clip range;
bits(7) reserved = 0;

signed int (32) black level;
signed int (32) white_level;

} level count];

}
6.1.4.3 Semantics

level [count indicates the number of components for which levels are described.
compofent index indicates the index of the Nth component listed in the associated componentDefinitijonBox.

clip fange indicates if the levels indicate a clip range or an affine transformation of the Nth component
valued.

black|level indicates the black level for the Nth component.

white [level indicates the white level for the Nth comp@nent; this value shall be greater than the piack
level palue.

6.1.5 | Polarization Pattern Definition

6.1.5.1 Definition

BOXT&pe:'splz'

Contalner: Video sample entry, TtemRropertyContainerBox
Mand3tory: No

Quantjty: Zero or more

The HolarizationPatternbefinitionBox allows describing a filter array pattern for sensory that
have polarization pattérns implemented on the image sensor. If the sensor also includes a colpur or
spectrfal filter, the)pattern dimension is not required to match the pattern dimension given |n the
ComponpentPatteruBefinitionBox.

When[this boXis present, there shall be an associated componentbefinitionBox present.

The pgttern is used to assign polarization values at the pixel level. The pattern is defined at the top-left pixel
of the TTage, and S Tepeated to COVET the entire 1Mmage. For a pixel position {X, y; 1 the tmage, with {0,0}
being the top-left pixel, the polarization value for each pixel is given by position {width$pattern width,
height%pattern height} inthe polarizationPatternDefinitionBox.

Polarization angles are specified counter-clockwise, with value 0 indicating an orientation to the right, as
illustrated in Figure 30.

The tile width (resp. height) shall be a multiple of pattern width (resp. pattern height).

NOTE If bothpattern widthand pattern height are 1, this implies that a single polarization angle is given for
all pixels in the image.
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Multiple PolarizationPatternDefinitionBox can be specified if components of the image have different
polarization filters. In this case, there shall be at most one polarizationPatternDefinitionBox describing
one given component of the image.

Figure 30 illustrates an RGGB Bayer filter array pattern superimposed on a 4x4 pixel grid (filter array
pattern with values of ‘FA1’ through ‘FA16’) with a 2x2 polarization pattern with angles of 90, 45, 135, and
0 degrees.

.

(R

)

Key

1  green pixel with 90 degree polarization

Figure 30 — Polarization example with a filter drray pattern component

6.1.5.2 Syntax

aligngd (8) class PolarizationPatternDefinitionBokNextends FullBox('splz', 0, 0) {
ungigned int (32) component count;

{
unsigned int (32) component index;
} |component count]
ungigned int (16) pattern width;
ungigned int (16) pattern height;
fof (i=0; i< pattern height; i+4#)\{
for (3J=0; j< pattern width; ‘g++) {

double (32) polarizatiqn angle;
}

}
6.1.5.3 Semantics

compogent _count indicates the number of components to which the polarization pattern applies. [If this
value 1s 0, the polarization pattern applies to all components of the image.

compotfent indeéx indicates the index of the component listed in the associated componentDefinitionBpx.

pattefn. width indicates the width in pixels of the pattern.

pattern height indicates the heightin pixels of the pattern.

polarization angle indicates the polarization angle of the pixel at the defined pattern location. Value shall
either be OxFFFFFFFF, indicating that no polarization filter is present, or shall be an IEEE 754 “binary32”

number, indicating the polarization angle in degrees, with a value greater than or equal to 0.0 and strictly
less than 360.0.
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Sensor Non-Uniformity Correction

6.1.6.1 Definition

Box Type: 'snuc'

Container: Video sample entry, TtemPropertyContainerBox
Mandatory: No

Quantity: Zero or more

The sensorNonUniformityCorrectionBox allows describing pixel specific gain and offset corrections.

When

Whether the correction has applied or not to the values stored in the sample data is indicated bythe'n
appligd field.

The N

Chis boX 1s present, there shall be an assoclated ComponentDefinitionBox present.

c is

n-Uniform Correction (NUC) nuc_gain and nuc_offset attributes provide non-uniformity corrgctions

for a sensor. This is commonly used with radiometric imagery. The correction equationis linear: y 3 nuc_

gain

X+ nuc offset, where x is an input component value as stored in the file,.The'minimum val

he of y

saturgtes at a value of 0. In situations where the same component value range is’to be maintained after

applic

compdnent value, for instance, 65535 for a 16-bit component.

htion of the NUCs, the maximum value of y saturates at a level defined’by’the number of bits

in the

The NUC coefficients are assigned per pixel through the full image, Thé NUC gain and offset tables are

aligne

Multile sensorNonUniformityCorrectionBox can be specified if components of the image have di

gains
given

6.1.6.2 Syntax

aligngd (8) class SensorNonUniformityCorfectionBox extends FullBox('snuc', 0, 0) {

un

{
}

un

ung

un
un

fol

fol

}

hind offsets. In this case, there shall be at most one sensorNonUniformityCorrectionBox describi
fomponent of the image.

igned int (32) component count;

unsigned int (32) component index;
component count]
igned int (1) nuc is appkied;
igned int (7) reserved=0;
igned int(32) image Wwidth;
igned int(32) image\height;

(1=0; i< image_befght; i++) |
for (3=0; j< image width; j++) {

double (32 \nGc_gain;

}

(1i=0;. 49 'image _height; i++) {
for (§=0; j< image width; j++) {
detible (32) nuc offset;
}

1 with the entire image, resulting in a table width equal to imege width and table height equal to
image |height. For a pixel position {x, y} in the image, with {0,0} being the top-left pixel, the NUC coeff
for eagh pixel are given by position {x, vy} in the sensorNonUni feywd tyCorrectionBox.

cients

[ferent
ng one

6.1.6.3 Semantics

component count indicates the number of components to which the non uniformity correction p
applies. If this value is 0, the non uniformity correction applies to all components of the image.

attern

component index indicates the index of the component listed in the associated componentbDefinitionBox.

nuc_is applied if 1, indicates that the corrections have been applied to the component values in the sample

data.

fvalue is 0, the component values are still raw, without NUC corrections applied.
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