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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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Introduction

The interfaces and operations specified in this document come as extensions of existing video decoding
engine specifications exposing hardware video decoding capabilities.
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Vi


https://standardsiso.com/api/?name=c2f0eac4a8639ce0b32d078da19c788e

International Standard ISO/IEC 23090-13:202
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Information technology — Coded representation of
immersive media —

Part 13:

Vid

1 Scope
This d

eleme

operations, this document also specifies SEI messages when necessary for certain ¥ideo codecs.

2 N
The fo

requirements of this document. For dated references, only the edition cited applies. For undated refej
the latlest edition of the referenced document (including any amendinents) applies.

ISO/IHC 23008-2, Information technology — High efficiency. coding and media delivery in heterog

enviro

ISO/IHC 23090-3, Information technology — Coded représentation of immersive media — Part 3: Versatil
coding

[SO/IHC 23094-1, Information technology — General video coding — Part 1: Essential video coding

3 Terms and definitions

For th

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

— IS

— IEC Electropedia=available at https://www.electropedia.org/

3.1

medig streant

parto
Note 1
Note 2

3.2

\tary streams and metadata that can be performed by this video decoding engine. To support

prmative references

llowing documents are referred to in the text in such a way that soni€ or all of their content cons

hments — Part 2: High efficiency video coding

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

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

fan elementary stream (3.2) or one or more aggregated elementary streams (3.2)

to-entry: Every elementary stream is a media stream, but the inverse is not true.

ocument specifies the interfaces of a video decoding engine as well as the operations related to

those

Fitutes
ences,

pneous

e video

to entry: A media stream may contain metadata such as non-VCL NAL units.

subframe
independently decodable unit smaller than a frame to which post-decoding processing by the decoder, if any,
has been applied

3.3
video

object

independently decodable substream of a video elementary stream (3.2)

© ISO/IEC 2024 - All rights reserved
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video object identifier
integer identifying a video object (3.4)

4 Abbreviated terms

API
ES

application programming interface

elementary stream

[

IDL
IVDI
MDS
NAL
OLS
OVDI
PPS
SEI
SPS
VCL
VDE

Video object identifier

interface definition language
input video decoding interface
media stream

network abstraction layer
output layer set

output video decoding interface
picture parameter set
supplemental enhancement information
sequence parameter set

video coding layer

video decoding engine

5 Video decoding engine

5.1 (eneral

The video decoding engine (VDE) enables the decoding, the synchronization and the formatting of

media

streams which are one or more aggregated elementary streams or a part thereof. The media streains are

fed through the input videg-decoding interface (IVDI) of the VDE and provided to the subsequent ele
of the|rendering pipelin¢-via the output video decoding interface (OVDI) in their decoded form. Be
the input and the output, the VDE extracts and merges independently decodable regions from a
input media streams via the input formatting function and generates a set of elementary streams
the vigleo decoder instances which run inside the engine. The VDE can execute a merging operatior
extradtion operation on the input media streams such that the number of running video decoder ins
is different from the number of input media streams required by the application. For example, a VI
be incppable of decoding a single 4K input media stream with one decoder instance, but it can decodg¢

ments
tween
set of
fed to
or an
tances
DE can
P some

of the Independently decodable regions, at a lower resolution, present in that input media stream.

‘0 this

end, the VDE should first verify the availability of sufficient resources to run in parallel those video decoder

instances.

Figure 1 represents the architecture for the VDE and the associated IVDI and OVDI interfaces.

© ISO/IEC 2024 - All rights reserved
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Application configuration and capability
query

|

b video

icts an
one or

Video Decoding Engine
MTS #1 Y ] MTS #1
RES‘ —_— — "‘S >
b [
-
s JE E s
MTS #m "o = o MTS #p
= (o) 9) + E >
S S 513
S Vid g £ S
9] oo | ES#1 1deo S g 2
A g ——— decoder — o [ <& 5
= = . =1 Q
2 = instance #1 £ 3 S
MDS #1 S £ & 5 > DS #1
= » S S 5 .
= = — =
e g_ 45 Vd S en
MDS #n = S | ES#i 1aeo S DS #
R = K decoder — —> i~ d
instance #j
Key
MDS media stream
ES elementary stream
MTS |metadata stream
DS decoded sequence
m humber of input metadata streams
n nhumber of media streams
j humber of video decoder instances
p humber of output metadata streams
q humber of decoded sequences
Figure 1 —Video decoding engine and interfaces
NOTE1 Multiple elementary streams that are output of the input formatting function can be fed to a singl
decoddr instance.
NOTE?2  The concept of'metadata stream does not yet possess a definition in this document. Figure 2 dep
architdcture for handling-multiple video decoder instances on a single hardware platform. In this scenario,
more Video decoder/instances running on the same video decoder hardware engine are exposed to the appllication
layer ap several de€opder instances each with their own interface.
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Output Video Output Video
Interface Interface
o
S35 | ;
i ug 21 Video decoder ... |1 Video decoder
é_*qé instance #1 instance #j

Figyre 2 — Example relationship between video decoder instances and video decoder hardw

5.2

The vi
as inp
strean

The input of the VDE comprises thus:

— n

5.3

Hardware
Video Decoder Engine

Engine Control Interface

engine

nput video decoding interface

deo decoding engine accepts media streams anddmnetadata streams. There is at least one media §
1t but there is no constraint on the number ofwnetadata streams with respect to the number of
1s being concurrently consumed by the VDE

media streams

metadata streams

Dutput video decoding interface

fare

tream
media

The video decoding engine outputs decoded video sequences and metadata streams. There is at legst one

decod
respe(

These
decod

bd video sequence as output but there is no constraint on the number of metadata stream
t to the numbeyof decoded video sequences being concurrently output by the VDE.

two output stream types may be provided in a form of multiplexed output buffers, includin
bd media‘data and its associated metadata.

5 with

b both

The oytput of the VDE comprises thus:

— gdecoded sequences

— p metadata streams

© ISO/IEC 2024 - All rights reserved
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5.4 Control interface to the Video Decoding Interface

54.1

Functions

In order to support immersive media applications, subclause 5.4 defines an abstract video decoding
interface. A video decoding platform that complies with this document shall implement this video decoding
interface whose IDL can be found in Annex A.

The video decoding interface consists of the abstract functions defined in the following subclause. These
functions are defined using the IDL syntax specified in ISO/IEC 19516.

Figurd
decod
4. By

buffer
no ins

5.4.1.

5.4.1.

1

| 5 depicts an example Instantiation of decoder instances using some of the functionalities of the

ng interface. The video decoder instances with identifiers 1 to 3 belong to the group with thejde
his grouping mechanism, the three instances write the decoded sequences into a single-agg
and the decoding operations across those instances are performed in a coordinated manter su

Fance runs ahead or behind the others.

Application configuration

Clock
component

\V

Video d§@er instance #2
oup #4

N

Aggregate
buffer

Video decoder instance #3
Group #4

v

Figure 3 — Example instantiation using VDI

queryCurrentAggregateCapabilities()

.1 » Declaration

video
ntifier
regate
th that

declarationg r\F flno fal 1+ L) function alona uni’

The

DE

h  the

lal £ £ AN
trecrattraeroy S your e e gagresat SPee T eTe S Torrretrott oG

AggregateCapabilities and PerformancePoint structures and the capabilities flags are defmed as follows:

const
const
const
const
const

CAP_ INSTANCES FLAG 0x1;
CAP BUFFER MEMORY FLAG
CAP BITRATE FLAG 0x4;
CAP_MAX_SAMPLES_SECOND_FLAG
CAP MAX PERFORMANCE POINT FLAG

unsigned
unsigned
unsigned
unsigned
unsigned

long
long
long
long
long

0x2;

0x8;
OxA;

struct PerformancePoint {

float picture rate;
unsigned long width;
unsigned long height;

© ISO/IEC 2024 - All rights reserved
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unsigned long bit depth;

i

struct AggregateCapabilities {

unsigned long flags;

unsigned long max instances;

unsigned long buffer memory;

unsigned long bitrate;

unsigned long max samples second;
PerformancePoint max performance point;

i

AggregateCapabilities queryCurrentAggregateCapabilities (

5.4.1.1
The 4

JI_U L,LJI_Uk_,j L,ULHLJUUCUL,illcUHC,
in unsigned long flags

.2 Definition

instantaneous aggregate capabilities of a decoder platform for a specific codec component.

The c3

The ¢

applie
for all
expos

CAP_ I}

mponent name provides the name of the component of the decoding ‘platform for which the
5. The name A11 may be used to indicate that the query is not for a“particular component but is

ed by the Video Decoding Engine such as decoders.

[STANCES FLAG queries the max instances parameter which indicates the maximum number of d

instanjces that can be instantiated at this moment for the pravided decoder component.

CAP_BI

FFER MEMORY FLAG queries the buffer memory parameter which indicates the instantaneous

maxinjum available buffer size in bytes that can be“allocated independently of any components

mome
applic

CAP_B]
bitratq

CAP M

instantaneous maximum number-of luma and chroma samples combined per second that the q

compg

CAP_ M

nt on the decoder platform for buffer exchange. The allocation of the memory can be done
htion or the VDE itself depending on the VDEinstantiation.

TRATE FLAG queries the bitrate parameter which indicates the instantaneous maximum
in bits per second that the queried{component can process.

X _SAMPLES SECOND FLAG queries the max samples second parameter which indicate

nent is able to process.

\X_PERFORMANCE POINTJ)FLAG queries the max performance point parameter which indicat

maxinjum performance\peint of a bitstream that can be decoded by the indicated component in

instan

A perf

— pi
pe

ce of that decoder'component.

ormancePoint contains the following parameters:

r sécond.

ueryCurrentAggregateCapabilities () function can be used by the applicabtion to queny the

pability flags below can set separately or in a single function call to quepy.ohe or more parameters.

query
rather

the components of the decoding platform. Components are hardware or software functioralities

bcoder

global
ht this
by the

coded

5 the
peried

bs the
A new

cture “tate indicating the instantaneous picture rate of the maximum performance point in pictures

— heTgnt Inmdicating the heightim turmma samptes of the maxiTmurT perforarnce point:

— width indicating the width in luma samples of the maximum performance point.

— bi

NOTE

t_depth indicating the bit depth of the luma samples of the maximum performance point.

Each parameter of the max performance point does not necessarily represent the maximum

dimension. It is the combination of all dimensions that constitutes the maximum performance point.

© ISO/IEC 2024 - All rights reserved
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5.4.1.2 getlnstance()

5.4.1.2.1 Declaration

The IDL declarations of the getinstance () function and the associated Errorallocation exception are

define

d as follows:

exception ErrorAllocation {

string reason;

i

unsigned long getInstance(

5.4.1.]

The re

in string component name,
in unsigned long group id // optional, default value = -1
raises (ErrorAllocation);

p.2 Definition

sult of a successful call to the getTnstance () function call shall provide the idéntifier of the in

and thle group idthatis assigned or created for this new instance, if one was requested. The default be

is that
create

Severd
such t
each d

aggres

5.4.1.]

5.4.1.]
The |1

Confi
e

}

st

SP:

the decoder instance does not belong to any already established group but is assigned to a
d group.

1 decoder instances belonging to a same group means that the VDEtreats those instances colle
hat the decoding states of those instances progress in synchrony and not in competition 4
ther. As a result, the VDE will also ensure synchronized output writing operation, possibly i
rate buffer. There are no conditions for two video decoder inStances to be in the same group.

8 setConfig()

8.1 Declaration

DataParameters Structure and the configParameters enumeration are defined as follows:

um ConfigParameters {
CONFIG OUTPUT BUFFER

ruct ConfigDataParamete®rns\M
SampleFormat sample (format;
SampleType sample type;
unsigned long sample stride;
unsigned long @im€ stride;
unsigned longwdffer offset;

ception EgpgxerConfig {
string \weason;

okean setConfig (

stance
havior
newly

Ctively
gainst
nto an

DL declarations of the setconfig() -fanction, the associated Errorconfig exception, the

in unsigned long instance id,

)

in ConfigParameters config parameters,
in ConfigDataParameters config data parameters
raises (ErrorConfig) ;

5.4.1.3.2 Definition

The setconfig () function may be called with the parameter conr1G_ouTpPUT BUFFER, in which case it provides
the format of the output buffer.

© ISO/IEC 2024 - All rights reserved
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The format of the buffer shall contain the following parameters:

— sample format indicating the format of each sample, which can be a scalar, a 2D vector, a 3D vector, or a
4D vector.

— sample_type indicating the type of each component of the sample.
— sample stride indicating the number of bytes between 2 consecutive samples of this output.

— line_ stride indicating the number of bytes between the first byte of one line and the first byte of the
following line of this output.

— Dbyffer offset indicating the offset into the output buffer, starting from which the output frame should
bg written.

5.4.1.4 getParemeter() and setParameter()

5.4.1.4.1 Declaration

The IDL declarations of the getParameter() and setpParemeter() functions,aswell as the assdciated
Errorfarameter exception and the ExtParameters enumeration are defined asfoHows:

efqum ExtParameters ({
PARAM_PARTIAL_OUTPUT,
PARAM SUBFRAME OUTPUT,
PARAM METADATA CALLBACK,
PARAM_OUTPUT_CROP,
PARAM_OUTPUT_CROP_WINDOW,
PARAM MAX OFFTIME JITTER
i

struct CropWindow {
unsigned long x;
unsigned long y;
unsigned long width;
unsigned long height;

ejception ErrorParameter ({
string reason;

any getParameter (

in unsigned long inastance id,

in ExtParameters-~ext parameters,
out any parameger

b¢dolean setPaxameter (

in unsigned long instance id,

in ExtRdrameters ext parameters,
in anyvparameter

) |[raisesNErrorParameter) ;

5.4.1.42—PBefinition

The getpParameter () and setParameter () functions can receive the extended parameters in the clauses
below.

PARAM PARTIAL OUTPUT indicates whether the output of subframes is required, desired, or not allowed. If it
is not allowed, only complete decoded frames will be passed to the buffer.

PARAM SUBFRAME OUTPUT indicates the one or more subframes to be output by the decoder.

PARAM METADATA CALLBACK sets a callback function for a specific metadata type. The list of supported
metadata types is codec dependent and shall be defined for each codec independently.

© ISO/IEC 2024 - All rights reserved
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PARAM OUTPUT cROP indicates that only part of the decoded frame is desired at the output. The decoder
instance may use this information to intelligently reduce its decoding processing by discarding units that do
not fall in the cropped output region whenever possible.

PARAM OUTPUT CROP_WINDOW indicates the part of the decoded frame to be cropped and output.

PARAM MAX OFFTIME JITTER indicates the maximum amount of time in microseconds between consecutive
executions of the decoder instance. This parameter is relevant whenever the underlying hardware
component is shared among multiple decoder instances, which requires context switching between the
different decoder instances.

5.5 Examples of video decoding engine instantiations
5.5.1 | Mapping on OpenMAX™ integration layer (OpenMAX IL)

5.5.1.1 Overview

For mgre information on OpenMAXY IL, Annex E provides a brief description of th€nain functions pf this
API.

5.5.1.2 Mapping of VDI functions

The fynction defined in 5.4 are mapped on the OpenMAX IL interface by using the extension mechanism
defineld by the specification. This MPEG VDI extension for OpenMAX.L is formatted as a C header file and
registeéred with the vendor name “MPEG”.

Annex B defines the MPEG VDI extension for OpenMAX IL and provides information to access the eledtronic
versiop of this extension.

5.5.2 | Mapping on Vulkan® Video

5.5.2.1 Overview

Vulkap®?) Video (VK) is an extension of\the Vulkan API which defines functions exposed by Grjphics
Procegsing Units (GPU). This extension-provides interfaces for an application to leverage hardware detoding
and er]coding capabilities present on.GPUs.

A VK Video Session consists ofsaysingle decoding session on a single layer. As a result, a single VK| Video
Sessioh corresponds to a single yideo decoder instance depicted in Figure 1.

The mppping of VDI functiens on VK is summarised in Table 1.

1) OpenMAX™ is an example of a suitable product available commerecially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO IEC of this product.

2) Vulkan®is an example of a suitable product available commercially. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO IEC of this product.

© ISO/IEC 2024 - All rights reserved
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Table 1 — Summary of VDI function mapping on Vulkan® Video

VDI functions VK mapping
queryCurrent A New vkGetPhysicalDeviceCurrentVideoCapabilitiesMPEG () function
AggregateCapabilities

getlnstance (grouping)

structure
VkVideoSessionCreateInfoGroupingMPEG. Call of existing
vkCreateVideoSessionKHR ().

Extending vkvideoSessionCreateInfoKHR with a group identifier passed in the new

figur

setConfig (buffer con- |Mapping on existing vkvideoSessionCreateInfoKHR and

tion) VkVideoPictureResourceKHR structures

getPa

Paranpeter

rameter and set- ) )
New VkVideoSessionOutputParameterMPEG structure

5.5.2.]

5.5.2.7

The V
vkGetl
vkGetl]
eVide
allows

aggres

5.5.2.]

VkRes
\
\Y4
v

5.5.2.]
physi

pVide
profile

pCapa
returr

5.5.2.]

5.5.2.!
The v

. The vkGetPhysicalDeviceCurrentVideoCapabilitiesMPEG() function

P.1 Definition

K Video API provides a function for querying capabilities for a single VK Video Profile which is
hysicalDeviceVideoCapabilitiesKHR (). Similar to this function, thelYDPI VK mapping defin|

to query the aggregates capabilities of the physical device. When. it is called with a certain prof
rated capabilities pertains to this given profile.

P.2 Declaration

1t vkGetPhysicalDeviceCurrentVideoCapabilitiesMPEG (

[PhysicalDevice physicalDevice,
[VideoProfileKHR* pVideoProfile,
[CurrentVideoCapabilitiesMPEG* pCapabdilities) ;
P.3  Semantics

alDevice is the physical device whose video decode or encode capabilities are to be queried.

Profile is a pointer to a vkvideoProfileKHR structure with a chained codec-operation specific
structure.

ed.
8 The VkCurrentVideoCapabilitiesMPEG structure

8.1 Definition

CurréntvideoCapabilitiesMPEG structure holds the information returned by a call to the vkce

calDex

called
es the

hysicalDeviceCurrentVideoCapabilitiesMPEG () function. In contrast to the vkGetPhysicalDevic
CapabilitieskHR () function, the vkGetPhysicalDeviceCurrentVideoCapabilitiesMPEG ()fulnction

le, the

video

ilities is a pointer to-d vkCurrentVideoCapabilitiesMPEG structure in which the capabilities are

[Physi

rfeacurrentvideoCapabilitiesMPEG () function defined in subclause 5.5.2.2.

5.5.2.3.2 Declaration

typedef struct VkCurrentVideoCapabilitiesMPEG {

VkStructureType sType;

voidx* pNext;

uint32 t maxInstances;

uint32 t bufferMemory;

uint32 t bitrate;

uint32 t maxSamplesSecond;
VkPerformancePointMPEG* maxPerformancePoint;
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} VkCurrentVideoCapabilitiesMPEG;

5.5.2.3.3 Semantics
sType is the type of this structure.
pNext is NULL or a pointer to a structure extending this structure.

maxInstances see semantic in subclause 5.4.1.1.2.

bufferMemory See semantic in subclause 5.4.1.1.2.

bitrafe see semantic in subclause 5.4.1.1.2.

maxSariplesSecond See semantic in subclause 5.4.1.1.2.

maxPefformancePoint iS a pointer to a VkPerformancePointMPEG structure in which the properties|of the
maxinfum performance are returned.

5.5.2.4 The VkCurrentVideoCapabilitiesMPEG structure

5.5.2.4.1 Definition

The vicurrentvideoCapabilitiesMPEG structure contains properties desceribing a performance point for a
video processing entity.

5.5.2.4.2 Declaration

typedg¢f struct VkPerformancePointMPEG ({
VkStructureType sType;

veid* pNext;
ulnt32 t pictureRate;
ulnt32 t height;
ujnt32 t width;
ulnt32 t bitDepth;

} VkPg¢rformancePointMPEG;

5.5.2.4.3 Semantics
sType [s the type of this structure,
pNext s NULL or a pointer to 4 structure extending this structure.

pictugeRate see semantiCiirsubclause 5.4.1.1.2.

neight see semanticinysubclause 5.4.1.1.2.

width pee semanticin subclause 5.4.1.1.2.

bitDegpth see.semantic in subclause 5.4.1.1.2.

5.5.2.5.1 Definition

The vkvideoSessionCreateInfoGroupingMPEG Structure allows to attach a group identifier to a video
decoding instance created via the VK Video API. This structure extends the vkvideosessionCreateInfoKHR
structure defined in the VK Video API

© ISO/IEC 2024 - All rights reserved
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5.5.2.5.2 Declaration

typedef struct VkVideoSessionCreateInfoGroupingMPEG {

VkStructureType sType;
const void* pNext;
uint32 t groupld;

} VkVideoSessionCreateInfoGroupingMPEG;

5.5.2.5.3 Semantics

sType is the type of this structure.

pNext

group]

js NULL or a pointer to a structure extending this structure.

d see semantic in subclause 5.4.1.2.2.

5.5.2.¢ The VkVideoSessionOutputParameterMPEG structure

5.5.2.6.1 Definition

The v

VideoSessionOutputParameterMPEG Structure contains parameters that'configure the proper

the oufput of the VK Video Session.

5.5.2.6.2 Declaration

typedd
v

e << eoc<Q

} VkV]

f struct VkVideoSessionOutputParameterMPEG {
[StructureType sType;

nst void* pNext;

[Flag partialOutput;
Int32 t* subframeCount;
Int32 t* pSubframeOutput;

(Flag outputCrop;

[Extent2D* pOutputCropWindow;
Int32 t maxOfftimeJitter;

id* pMetadataCallback;

deoSessionOutputParameterMPEG;

5.5.2.6.3 Semantics

sType
pNext
partid
subfrg
output
pOutp

maxOf 1

s the type of this structure.

js NULL or a pointer to a-structure extending this structure.

loutput See semapntic/in subclause 5.4.1.4.2.

meCount and pSibframeoutput see semantic in subclause 5.4.1.4.2.

Ccrop See semantic in subclause 5.4.1.4.2.

tCropWindow See semantic in subclause 5.4.1.4.2.

wimeJitter see semanticin subclause 5.4.1.4.2.

ties of

pMetadataCallback See semanticin subclause 5.4.1.4.2.

5.5.3

Informative mapping

This specification also provides informative mapping on other APIs such as in Annex F on the media source
extension (MSE).
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6 VDI systems decoder model

6.1 Introduction

The VDI systems decoder model extends on the systems decoder model (SDM) defined in ISO/IEC 14496-1.
Compared to the SDM, the VDI SDM introduces a new interface in addition to the elementary stream interface
called the media stream interface. This interface is the input of the Input Formatter, also called input
formatting function, which takes as input the so-called media streams. The output of the Input Formatter is
one or more elementary streams that can be further passed on to the decoders.

These elements are depicted in Figure 4

Input || Decoding Decoder Composition |

Formatter; Buffer DB, ! Memory,
Mddia Stream Input Decoding Decoder, Composition | |

Delivery Formatter, Buffer DB, Memory,

— Compositpr
nterface . .

Decoding Decoder Composition | |

Buffer DB, 3 Memory 5
Input Decoding Composition | |

Formatter, | Buffer DB, Decodler; Memory

Media Stream Interface Elementary Stream Intérface

[
Systems Decoder Model (ISO/IEC 14496-1)

Figure 4.~ VDI systems decoder model

6.2 (oncepts of the VDI systems decoder model

6.2.1 | General

The c@ncepts necessary/for the specification are the formatting, the timing, and the buffering mod¢l. The
sequence of definitions corresponds to a walk from the left to the right side of the VDI SDM illustration in

Figurq 4.

6.2.2 | Media stream

6.2.3 Media stream interface

The media stream interface is a concept that models the exchange of media stream data between the delivery
interface and the input formatting function.

6.2.4 Input formatter

The input formatter takes one or more media streams as input and generates one or more elementary
streams as output. A single input formatter may be attached to several decoding buffers when it produces
individual elementary streams or multi-layer elementary streams.
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Access Units (AU)

See 7.1.2.2 in ISO/IEC 14496-1.

6.2.6

Decoding Buffer (DB)

See 7.1.2.4 in ISO/IEC 14496-1.

6.2.7

Elementary Streams (ES)

See 7.1.2.5 in ISO/IEC 14496-1.

6.2.8
See 7.1

6.2.9
See 7.1

6.2.10
See 7.1

6.2.11

See 7.1

6.2.12

See 7.1

7V

7.1
As sh

instances. The number of instances running is an optimization choice for the platform when consi

availa
input

experience. Therefore-one or more input media streams may be fed to the same video decoding in

thank
This ¢

7.2

Elementary Stream Interface (ESI)

.2.6 in ISO/IEC 14496-1.

Decoder

.2.7 in ISO/IEC 14496-1.

Composition Units (CU)
.2.81in ISO/IEC 14496-1.

Composition Memory (CM)
.2.91in ISO/IEC 14496-1.

Compositor

.2.10 in ISO/IEC 14496-1.

deo decoder interface

General

pwn in Figure 1, the hardware video decoding engine may spawn one or more video d

ble resources such as’computational load, energy consumption, memory, etc. However, the nunj
media streams fed‘through the IVDI depends on the application needs to properly render the

5 to the block-called "Input formatting” in Figure 1.

ause defings the binding for several video codecs to realize the operations on input video strea

Dpérations on input media streams

bcoder
dering
\ber of
media
stance

ms.

7.2.1

General

The input formatting function in Figure 1 provides several operations on media streams and video objects.
The input formatting function results in one or more elementary streams conforming to the profile, tier, level
or any other performance constraints of the video decoder instance expected to consume them including
buffer fullness of the hypothetical reference decoder model. These operations are defined in an atomic way
such that more complex operations can be achieved by combining them as long as the final output consists
of valid elementary streams. The actual implementation of those combined operations is out-of-scope of this
specification and can be subject to optimization by the implementers. Example of possible implementations
are provided in Annex D.
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A media stream contains one or more video objects and a video object is contained into one elementary
stream. Each video object in an elementary stream provides information for enabling the defined operations
such as a mean to determine the location and the dimension of the video object in the picture, the number of
luma and chroma samples in the video object, the bit depth of the coded picture of the video object and so on.

7.2.2 Concepts

MediaStream a type of media stream
ElementaryStream a type of elementary stream
AccesgUnit a type of access unit
Video(bjectldentifier a type of video object identifier
VideoQbjectSample a type of video object sample

7.2.3 | Filtering by video object identifier

7.2.3.1 Definition

Functjon: Filtering
Definifion: f:MDS xI—ES
Input: one media stream with at least one video object

the identifier of the selected video object té:be extracted
Outpuf: one elementary stream with one videow@bject which corresponds to the selected one

Signatjure: ElementaryStream output streamfiltering(MediaStream input stream,
VideoObjectIdentifier id)

For eafch i-th access unit in the input mediatstream, the function makes a copy of the access unit. Then, the
functipn lists the video object sampleg-présent in this copied access unit. If a video object sample ddes not
corregpond to the video object identifier'passed as input, the video object sample is removed from the fopied
access unit. Lastly, the copied access.unit is appended to the output elementary stream as a new access unit.

NOTE The function implements a filtering process based on the selected object identifier, that is the driginal
access [units are first copied and-then removed from the unwanted objects. This way, the operation does not feed to
create pnd initialize an emptyjaccess unit and the properties of the input access units are passed on to the acceqs units
of the gqutput stream.

7.2.3.2 Description

The fiJteringsfunction extracts one video object from an input media stream and returns an elemg¢ntary
stream as‘output which comprises the selected video object.

In casethevideo objectisa stice, the filtering functiom extracts this stice imevery coded picture from the
input media stream and passes it in the output elementary stream. This case is illustrated in Figure 5
wherein Figure 5 shows the video of the input media stream on the left and the output elementary stream
on the right. During this operation, the SPS, PPS and slice header may need to be updated as required by the
corresponding video coding specification to correctly signal the size of the video of the output elementary
stream, the information about the slices and tiles layout and the video object identifier, e.g. the slice address.
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Figure 5 — Example of input and output video for the filtering function

7.2.4 | Inserting video objects

7.2.4.1 Definition

Function: Inserting
Definifion: f:MDS x MDS — MDS
Input: Two media streams containing at least one vide® object each

One media stream with as many video objects as the sum of video objects in both inpy

Output: media streams

Signatjure: MediaStream output stream insefbing(MediaStream input stream 1,
MediaStream input stream 2)

For eafh i-th access unit in the first and se¢ond input media streams, the function makes a copy of t
access unit of the second input media,stream. Then, the function lists the video object samples pre;s
the i-th access unit from the first input'media stream. Each video object sample is added to the copied
unit. Hastly, the copied access unit fs.appended to the output media stream as a new access unit.

NOTE The inserting operation,stops as soon as one of the two input media streams ends.
NOTE? The inserting operation is defined as the insertion of video objects of the first input media stream i

second input media stream»This way, the operation does not need to create and initialize an empty access unit,
properities of the accesS urits of the second input media stream are passed on to the access units of the output

=

he i-th
ent in
access

hto the
but the
media

media

In case the video objects are slices, either the width or the height of the coded pictures of the input
streams are equal in order to maintain the rectangular shape of the video of the output media stre
case the widths of the two input videos are equal, as shown in the Figure 6 a) and b), then the two videos are
vertically stitched as shown in the diagram c). During this operation, the SPS, PPS and slice header may need
to be updated to correctly signal the size of the video of the output media stream, the information about the
slices and tiles layout and the video object identifiers, e.g. the slice addresses.
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heights of two videos are equal, as shown in Figure 7 a) and b), th @\he two videos are horiz(
d as shown in the diagram c). During this operation as well, the , PPS and slice header ma
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7.2.5

7.2.5.

Funct1o%

o

Input media stream one @ ’ b) Input media stream two c) Output elementary str¢

bure 7 — Example (@nput and output video for the inserting function with identical heig
S
Appendin@@o video objects

| De@ivc;n

&\

Appending

220111

ht

Definition: f:MDS — MDS

Input: One media stream with at least two video objects

Output: One media stream with two video objects which are left and right spatial neighbors
Signature: MediaStream output stream appending(MediaStream input stream,

VideoObjectIdentifier object id 1,
VideoObjectIdentifier object id 2)
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For each i-th access unit in the input media stream, the function makes a copy of this i-th access unit. Then,
the function sets the position of the video object samples that belong to the video object identified by the
second video object identifier right of the video object samples belonging to the object identified by the
first video object identifier in this copied access unit. This positioning is done in such a way that the top
boundaries of both video object samples are aligned. Lastly, the copied access unit is appended to the output
media stream as a new access unit.

7.2.5.2 Description

The appending function positions a first video object right of a second video object in the decoded pictures
of the output media eam, which contains those two video obje he output media 1M is a media
containing at least the first and second video objects positioned as side-by-side neighbors.

In cas¢ the video object is a slice, the slices of both video objects in the input media stream have th¢ same
heightlas shown in the example Figure 8, diagram a). The slice on the right side is moved nextto the s]ice on
the lefft side in the output media stream. The slice in between the two slices is moved to the right nextto the
two sljces used as input of the operation as shown in the diagram b). During this operation, slice head¢r may
need tp be updated to correctly signal the changes of the video object identifiers, e.g,the slice addresdes.

| | | | | | | |
S RS S (S N (N N B S A |
| | | | | ! D\ | |
| | | | | | | |
| | | | | | | |
el - — — — — (e -] |————— t+—-————F—-——- |———— -1--
| | | | | | | |
| | | | | | | |
I I I B | [ I [, M |
| | ] ] | | |
| | | | | | | |
| | | | ! | | |
————t————} == B N e e R t———=tF———---- “4---
| | | | | | | |
| | | | | | | |
S I A N IR R AU EN R R R (NN IR ISR R SR E N
| | | | | | | |
| | | | | | | |
| | | | | | | |
a) Input media stream b) Output elementary stream

Figure 8 — Example of input and output video for the appending function

7.2.6 | Stacking two video objects

7.2.6.1 Definition

Function: Stacking

Definifion: f:MDS — MDS

Input: One media stream with at least two video objects

Outpuf: One media stream with two video objects which are top and bottom spatial neighborg
Signature: MediaStream output stream stacking(MediaStream input stream,

VideoObjectIdentifier object id 1,
VideoObjectIdentifier object id 2)

For each i-th access unit in the input media stream, the function makes a copy of this i-th access unit. Then,
the function sets the position of the video object samples that belong to the video object identified by the
second video object identifier below the video object samples belonging to the object identified by the
first video object identifier in this copied access unit. This positioning is done in such a way that the left
boundaries of both video object samples are aligned. Lastly, the copied access unit is appended to the output
media stream as a new access unit.
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The stacking function positions a first video object on top of a second video object in the decoded pictures of
the media stream that contains those two video objects. The output media stream contains at least the first
and second video objects positioned as top-and-bottom neighbors.

In case the video object is a slice, the slices of both video objects in the input media stream have the same
width as shown in the example Figure 9, diagram a). The slice on the right side is moved to below the slice
on the left side in the output media stream. The slice at the below the slice on the left side and the one right
next to it are moved to the right direction sequentially as shown in the diagram b). During this operation,
the slice header may need to be updated to correctly signal the changes of the video object identifiers, e.g.

the sli

Ce addresses.

7.3

7.3.1

General

a) Input media stream

b} Output elementary stream

Figure 9 — Example of input and output video for the stacking function

blice-based instantiation for ISO/IEC 23008-2 high efficiency video coding (HEVC)

The high efficiency video coding (HEVC)-i§ published under ISO/IEC 23008-2.

Table £ provides the bindings of VDI eoncepts with the concepts defined in ISO/IEC 23008-2.
Table 2 — Correspendence between VDI concepts and HEVC concrete entities
Concept HEVC definitions
EleméntaryStream bitstream
AccessUnit access unit
VideoObjectldentifier slice segment address
VideoObjectSample slice segment
In the [remainder of the subclause 7.3, an HEVC elementary stream shall be a compliant bitstream accprding
to ISOMEC23008-2

7.3.2 Media and elementary stream constraints

7.3.2.1 General media stream constraints

A HEVC media stream used as an instantiation of the media stream in subclause 7.2 shall obey the following

rules:

— There shall be exactly on slice per tile and exactly one tile per slice.
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— The tiling grid shall be constant for each entire coded video sequence.

— Each tile shall be motion-constrained as specified in the semantics of the temporal motion-constrained
tile sets SEI message of ISO/IEC 23008-2.

— dependent_slice segments enabled flag should be absent or, if present, equal to 0.

All the active SPSs of the HEVC input media stream shall be constrained as follows:

— general progressive source flag shall be equalto 1.

— general frame only constraint flag shall be equal to 1.

— g¢

— in

— The reference picture set (RPS) shall be the same across all HEVC input media streams .

neral interlaced source flag shall be equal to 0.

it gp minus26 in the PPS shall be set to the same value across all HEVC input media streams.

7.4 Layer-based instantiation for ISO/IEC 23090-3 versatile video coding (VVC)
7.4.1 | General
The vgrsatile video coding (VVC) is published under ISO/IEC 23090-3.
Table B provides the bindings of VDI concepts with the concepts defided in ISO/IEC 23090-3.
Table 3 — Correspondence between VDI concépts and VVC concrete entities
Concept VVC definitions
ElementaryStream bitstream
AccessUnit access unit
VideoObjectldentifier nuh_layer id

VideoObjectSample picture unit
In the remainder of the subclause 7.4, an.VVC elementary stream shall be a compliant bitstream according to
ISO/IHC 23090-3 and the independent'layer info SEI message shall be defined as specified in Annex C.
7.4.2 | Media and elementary stream constraints
7.4.2.1 General media-stream constraints
A VV(media streamruSed as an instantiation of the media stream in subclause 7.2 shall obey the following
rules:

— There shallbe at least one VPS in the media stream and the parameters in each VPS shall be as follows:

Theflag vps all independent layers flag shall be setto 1.

— Tt

e value Of sh_picture header in _slice header rlag Siall beequalto tforaticodedshices:

— When present, the value of vps _num output layer sets minus2 shall be equal to 0.
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7.4.2.2 Media and elementary stream constraints for input formatting functions

7.4.2.2.1 Constraints for the filtering function

A VVCinput media stream passed as argument of the filtering function shall comply to these rules in addition

to the

rules in subclause 7.4.2.1:

— There shall be VCL NAL units with at least two different nun_1ayer id values.

— One of the at least two different nun_1ayer id values shall be equal to the object identifier passed as

ar

gument of the filtering function.

AVVC

— Tlhe number of access units in the output elementary stream shall be equal to the number of|acces

in

— Tle number of VCL NAL units in the output elementary stream is equal to the number of VCL NAI

w

— Fd
el

— All the NAL units in the output elementary stream shall have the Game nuh layer id value af

ny

7.4.2.]

Two V]
additi

elementary stream generated as output of the filtering function shall comply to these rules:

the input elementary stream.

th nuh 1ayer idequal to object identifier passed as argument of the function:
r each VCL NAL unit in the output elementary stream, there shall exist @ YCL NAL unit in thg

bmentary stream that is bit exact identical.

h layer idvalue shall be equal to the object identifier passed as argument of the function.

.2 Constraints for the inserting function

VC input media streams passed as argument of the inserting function shall comply to these r
bn to the rules in subclause 7.4.2.1:

5 units

L units

input

d this

hles in

— The nunh _layer id value of each NAL unit in the first input media stream shall be different from any

ny

— If

input media stream, then those two SRSs or two PPSs shall have the same payload.

AVVC
the ru

— Tlhe number of VCL NAL units'in the output media stream is equal to the sum of the number of V(

uj

— Fd

7.4.2.]

A VV(Q
additi

input media streamis that is bit exact identical.

h layer idvalue presentin the second inpufmedia stream.

a SPS or PPS in the first input media stream has the same identifier than a SPS or PPS in the {

media stream generated as output of the inserting function shall comply to these rules in addi
es in subclause 7.4.2.1:

its in both input media‘streams.

r each VCL NAL uniPin the output media stream, there shall exist a VCL NAL unit in of one of tl

2.3 Constraints for the appending function

input-media stream passed as argument of the appending function shall comply to these r{
pn-tosthe rules in subclause 7.4.2.1:

econd

fion to

L NAL

e two

iles in

— There shall be VCL NAL units with at least two different nun_1ayer id values.

— Two of the at least two different nuh_1ayer id values shall be equal to the two object identifiers passed
as arguments of the appending function.

A VVC media stream generated as output of the appending function shall comply to these rules in addition to
the rules in subclause 7.4.2.1:

— The number of VCL NAL units in the output media stream is equal to the number of VCL NAL units in the

in

put media stream.
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— For each VCL NAL unit in the output media stream, there shall exist a VCL NAL unit in the input media
stream that is bit exact identical.

— There shall be an independent layer info SEI message whose nuh_layer id is equal to the first video
object identifier.

— There shall be an independent layer info SEI message whose nuh layer id is equal to the second video
object identifier.

— The independent layer info SEI message whose nuh _layer id is equal to the first video object identifier
shall have its boundary identifier east value equal to the boundary identifier west value of the

in
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2.4 Constraints for the stacking function

n to the rules in subclause 7.4.2.1:

— There shall be VCL NAL units with at least two different nun_1ayer id values.

— Ty
as

A VV(C
the ru

Vo of the at least two different nuh_layer id values shall be equal to thetwo object identifiers |
arguments of the appending function.

media stream generated as output of the stacking function shall.comply to these rules in addi
esin subclause 7.4.2.1:

— TlLe number of VCL NAL units in the output media stream is egial to the number of VCL NAL units

in

— Fd
st

ut media stream.

r each VCL NAL unit in the output media stream, thére shall exist a VCL NAL unit in the input
Feam that is bit exact identical.

— There shall be an independent layer info SEI message whose nuh_layer id is equal to the first

ol

ject identifier.

— There shall be an independent layer info‘SEI message whose nuh_layer id is equal to the second

ol

ject identifier.

— The Independent layer info SEI message whose nuh_1ayer idis equal to the first video object ide

sh
in

7.5

7.5.1
The eq
Table

all have its boundary identifier south value equal to the boundary identifier north value
Hependent layer info SEI iéssage whose nunh_layer idisequal to the second video object ident

Slice-based instantiation for ISO/IEC 23094-1 essential video coding (EVC)

General
sential video coding (EVC) is published under ISO/IEC 23094-1.
L provides the bindings of VDI concepts with the concepts specified in ISO/IEC 23094-1.

input media stream passed as argument of the stacking function shall comply te ‘these ryles in

passed

fion to

in the

media

video

video

ntifier
of the
fier.

I'able 4 — Correspondence between VDI concepts and EVU concrete entities

Concept EVC definitions
ElementaryStream bitstream
AccessUnit access unit
VideoObjectldentifier the smallest value of the ID of the tiles in a slice
VideoObjectSample slice

In the remainder of the subclause 7.4, an EVC elementary stream shall be a compliant bitstream according to
ISO/IEC 23094-1.
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Media and elementary streams constraints

7.5.2.1 General media stream constraints

An EVC media stream used as an instantiation of the media stream in subclause 7.2 shall obey the following

rules:

— There shall be at least two independently decodable slices whose smallest value of the ID of the tiles in
each slice that are different.

7.5.2.

7.5.2.
An EV

An EV

— Tlhe number of access units in the output elementary stream shall be equal to the number of acces

in

— The number of VCL NAL units in the output elementary stream is.equal to the number of VCL NAI
th the smallest value of the ID of the tiles in the slice equalto object identifier passed as argument of
thle function.

— Fd
m

— All the NAL units in the output elementary stream shall have the same smallest value of the ID of t}

in

7.5.2.2.

Two E
rules:

— Al
m

— If
sh

— If
sh

— If

.1 Constraints for the filtering function

input media stream passed as argument of the filtering function shall comply to the.fellowing

e of the smallest values of the ID of the tiles in each slice shall be equal to the object identifier j
argument of the filtering function.

 elementary stream generated as output of the filtering function shall comply to the following

the input media stream.

r each VCL NAL unit in the output elementary stream, there shall exist a VCL NAL unit in the
pdia stream that is bit exact identical.

the slice value and such value shall be equal.to the object identifier passed as argument of the fui

.2 Constraints for the inserting function

VC input media streams passed as argument of the inserting function shall comply to the foll

least one of the values-of)pic width in luma samples OI pic height in luma samples Of t}
pdia streams shall be identical.

the values of picwidth in luma samples are identical, then the values of num tile columns i
all be identical-

the valuestef pic height in luma samples are identical, then the values of num tiles row f
all be idéntical.

a SBSYor PPS in the first input media stream has the same identifier than a SPS or PPS in the §

inpupmedia stream, then those two SPSs or two PPSs shall have the same payload.

rules:

bassed

rules:

5 units

L units

input

1e tiles
nction.

owing

le two

hinusl

hinusl

econd

An EVC media stream generated as output of the inserting function shall comply to the following rules:

— The number of VCL NAL units in the output media stream is equal to the sum of the number of VCL NAL
units in both input media streams.

— For each VCL NAL unit in the output media stream, there shall exist a VCL NAL unit in of one of the two

in

put media streams that is bit exact identical.
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7.5.2.2.3 Constraints for the appending function

An EVC input media stream passed as argument of the appending function shall comply to the following

rules:

An EV[L media stream generated as output of the appending function shall comply to the following rjul

7.5.2.2.4 Constraints for the stacking function

An EV[ input media stream passed as argument of the stacking function skiall comply to the following

An EVL media stream generated as output of the stacking function shall comply to the following rules

in

Fqr each VCL NAL unit in the output media stream, there shall exist a VCL NAL unif.in the input
stream that is bit exact identical.

Af least two of the smallest values of the ID of the tiles in each slice shall be equal to the two
identifiers passed as arguments of the appending function.

Tlhe width of the slices, number of tile columns of the tiles’included in the slices when the unifot
sfacing is used, whose smallest values of the ID of the tiles.in each slice are identical as argumentg
agpending function are identical.

in

Fdr each VCL NAL unit in the output niedia stream, there shall exist a VCL NAL unit in the input
stfeam that is bit exact identical.

At least two of the smallest values of the ID of the tiles in each slice shall be equal to the two object
identifiers passed as arguments of the appending function.

The height of the slices, number of tile rows of the tiles included in the slices when the uniform tile
spacing is used, whose smallest values of the ID of the tiles in each slice are identical as arguments of the
appending function are identical.

e number of VCL NAL units in the output media stream is equal to the number of VCL NALD whitg
ut media stream.

e number of VCL NAL units in the output média stream is equal to the number of VCL NAL unitg
ut media stream.

es:

in the

media

rules:

object

'm tile

of the

in the

media
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Annex A
(normative)

Control interface IDL definition

The control interface to the video decoding engine is specified using the IDL syntax in ISO/IEC 19516.

The cdntrol interface is available at https://standards.iso.org/iso-iec/23090/-13/ed-1/en/.
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Annex B
(informative)

OpenMAX IL VDI extension header

The control interface to the video decoding engine is defined for the Open MAX IL interface.

The sd

urce code of the extension 1s available at https://standards.1so.org/iso-1ec/23090/-13/ed-1/en/
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Annex C
(normative)

Supplemental enhancement information (SEI) syntax and semantics

C.1 VDI SEI envelope

C1.1

General

This Cllause defines a generic envelope for carrying SEI messages defined in this document, Some of the VDI

SEI mg

ssages may only apply to certain video coding specifications.

The VDI SEI envelope is registered as a SEI payload in ISO/IEC 23090-3.

C.1.2

VDI SEI

envelope syntax

Table .1 defines the syntax of the VDI SEI envelope.

Table C.1 — Syntax of VDI SEI envelope

Syntax

Size

Type

vdi sei envelope( payloadSize ) {

vdi sub type

unsigned integer

if (vdi_sub type == 0)

independent layer info (payloadSigze - 1)

else

reserved message (payloadSime - 1)

C.1.3

vdi s

C.2

C.2.1
Table

VDI SEI

[ndepen

envelope semantics

b_type indicates the payload type carried in the VDI SEI envelope.

dent layer info SEI message

Independent layer info SEI message syntax

[.2 defin€sythe syntax of the independent layer info SEI message.

Table C.2 — Syntax of independent layer info SEI message

undary identifier east

Syntax Size Type
independent layer info( payloadSize ) {
boundary identifier north present flag 1 bit
if (boundary identifier north present flag)
boundary identifier north 16 unsigned integer
boundary identifier east present flag 1 bit
if (boundary identifier east present flag)
bo 16 unsigned integer

boundary identifier south present flag

bit
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Table C.2 (continued)

Syntax Size Type
if (boundary identifier south present flag)
boundary identifier south 16 unsigned integer
boundary identifier west present flag 1 bit

if (boundary identifier west present flag)

boundary identifier west 16 unsigned integer

}

C.2.2 | Independent layer info SEI message semantics

The independent layer info SEI message provides the spatial alignment of the different independent|layers
present in a bitstream by epxressing the relative positioning between these layers using matching boyndary
identifiers. In a multi-layer bitstream, there shall be at most two occurrences of a given boundary identier
creating a pair of matching boudary identifier. In other words, a layer has at most one neighbor per boujndary.

This SEI message may be extracted by the VDE and used for the output formatting function to cogrectly
place the decoded pictures from each layer in the final output picture. In this case,the decoder instan¢e may
ignorg this SEI message if present. Alternatively, the decoder instance may be/capable of decoding a{multi-
layer bitstream as well as parsing the SEI message in which case no outputfermatting function is neefled.

boundgry identifier north present flag, boundary identifief east present flag, boundary
ident]fier south present flag and boundary identifier west present flag equal to 1 specify that the
SEI mgssage contains a boundary identifier, respectively, for the notth, east, south and west boundary.

bounddry identifier north, boundary identifier east, sbolundary identifier south and boufdary
ident]fier west specifiy the boundary identifier, respecityely, at the north, east, south and west boyndary
of the|decoded picture of the associated layer; the asso€iated layer being the layer whose nuh_layqr_id is
equal [to the nuh_layer_id of the SEI message. If not present, the boundary identifiers respecitvely|at the
north,|east, south and west boundary of the decoded picture of the associated layer are not defined.

Figurd C.1 illustrates the where the bounarieslie on the decoded picture associated with a layer.

Layer i

For two layers, the i-th and j-th layers, when the pair of the boundary_identifier_north value of the i-th layer
and the boundary_identifier_south value of the j-th layer are equal then the decoded picture of the i-th
layer and the decoded picture of the j-th layer are adjacent in the composed output picture and they share
a common boundary at the boundary north/south. For i-th and j-th layers, when the pair of the boundary_
identifier_east value of the i-th layer and the boundary_identifier_west value of the j-th layer are equal then
the decoded picture of the i-th layer and the decoded picture of the j-th layer are adjacent in the composed
output picture and they share a common boundary at the east/west boundary.
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Two decoded pictures adjacent by the north/south boundary are aligned on their west boundary in the
final output picture. Two decoded pictures adjacent by the east/west boundary are aligned on their north
boundary in the final output picture.

All the independent layer info SEI message present in the layers of an OLS shall collectively describe a
4-connected graph and each layer of the OLS shall be connected to the graph.

C.2.3 Process for generating the aggregated output picture

The process for generating the final output picture is informative. The following section provides the
expected operations performed for generating the final output picture based on the decoded pictures of

each 14

— Fd

iyer from a selected OLS:

r each access unit:

If VPS present, parse VPS and store the list of layers in the bitstream.
For each present PPS, determine the size in luma samples of the correspondinglayer.

For each present independent layer info SEI message, parse the payload and store the boy
identifiers for the corresponding layer.

Ifany of VPS, PPS or Independentlayer info SEl message is present imthe currentaccess unit, ca
the horizontal, XPos, and vertical, YPos, positions of the top-leftycorner of each cropped de
picture per layer in the final output picture. An example step sequence to calculate XPos and Y
as follows:

— For each layer:
— Parse the list of cropped picture size and the boundary identifier.

— Identify the north, east, south, west n€ighbouring layers.

ndary

culate
coded
(Pos is

— Place each layer in a grid, with each gnid cell corresponding to a north, east, south, west vallue for

each layer that matches the corresponding neighboring value, respectively south, west,
east.

— The value XPos for each layetcorresponds to the sum of the widths of each layer in the san
of the grid, left of the current layer. The value YPos for each layer is corresponds to the
the heights of each layer in the same column of the grid, above the current layer.

Initialize a picture buffer of size FinalWidth of width and FinalHeight of height for the final
picture where FinalWidth and FinalHeight are the width and height of the final output picturg
all the layers arefegncatenated according to the defined graph.

For each picture unit:
— Deeode the coded picture.

If pictures are ready for output:

north,

e row
bum of

butput
when

=~ For each layer in selected OLS.

— Apply conformance window cropping on the decoded picture of the current layer.

— Retrieve XPos and YPos, the positions of the current layer in the final output picture in luma

sample.

— Copy cropped decoded picture in final output picture buffer at position (XPos,
corresponding to the top-left corner of the cropped decoded picture.
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If at the end of this process, the combination of all the decoded pictures does not provide decoded sample
values for all the samples of the final output picture, the implementation determines the value to be used for
these unused samples.

NOTE Since the further process only extracts the decoded samples from the final output picture, the sample value
of the unused samples is not relevant from a normative perspective.

C.3 Examples of video object positioning

C.3.1 Appending

This ekample appends layer 0 to layer 1. Table C.3 gives the properties of each layer.

Table C.3 — Properties of layer 0 and layer 1

Sequence Layer Resolution Boundary identifiers (N,E;’S, W)

g% 0 416 x 240 0,000
RN

oy 1 416 x 240 0001

Figurd C.2 depicts the signaled connected map.

Layer 0 Layer 1

Figuré€.2 — Connected map of layer 0 and layer 1

Based|on this configuration, Table C.4 presents the properties of the final output pictures.

Table C.4 — Properties of the final output pictures

Resolution
832 x 240
Output sequence

b o

C.3.2 Appending and stacking

This example appends layer 0 next to layer 1 and stacks layer 0 on top of layer 2. Table C.5 gives the properties
of each layer.

© ISO/IEC 2024 - All rights reserved

30


https://standardsiso.com/api/?name=c2f0eac4a8639ce0b32d078da19c788e

ISO/IEC 23090-13:2024(en)

Table C.5 — Properties of layer 0, layer 1 and layer 2

Boundary identifiers (N, E,

Sequence Layer Resolution s, W)

g% 0 416 x 240 0120
RN

(O—O) 1 416 x 240 0001

/\ 2 832x480 2000

Figurg

Based

| C.3 depicts the signaled connected map.

Layer 0 [ayer 1

Layer 2

Figure C.3 — Connected map of layer 0 and layer 1

on this configuration, Table C.6 presents the properties of the final output pictures.
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Table C.6 — Properties of the final output pictures

Resolution

832x720

Output sequence

(o aas

A\
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Annex D
(informative)

Example implementations of input formatting operations

D.1 General

The operations defined in subclause 7.2 as well as the associated input and output constraints provilde the
building blocks for the implementations of the input formatting function. The way a certain implemertation
converts the media streams to elementary streams based on the requested decoded sequencés-configyration
is infopmative and left for optimization by the implementor as long as the output elementary streamp meet
the requirements of the elementary stream interface.

D.2 (Creating a 2-by-2 video mosaic via application control

In thi example, the goal is to take four video objects as input in four different media streams and pbtain
as output of the VDE one decoded sequence containing the four decoded’video objects arranged in a|2 by 2
grid ir] each picture of the decoded sequence. We assume that the application is able to communicate{to the
VDE vja an external communication channel to express how the media stream needs to be arranged|in the
decodgd sequences. For the purpose of the illustration, considerthat the four video objects have th¢ same
video fesolution. Figure D.1 depicts the input situation at the faedia stream interface, input of the VIDE and
the infended situation at the output of the VDE.

Application configuration

A

Mdia Stream,

Mgdia Stream, ! Video Video
Object, Object
> VDE >
Video Video
Media Stream, Object, Objecty

Decoded Sequence;

Mledia ern9m4

Media Stream Interface

Figure D.1 — Mosaicking of 2-by-2 video objects with application-based VDE control

This document specifies that the output of the input formatting function is the elementary stream interface.
That is, the input formatting function needs to output data streams which are elementary streams. Whether
it should be one elementary stream or multiple elementary streams is implementation and platform
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dependent. For this example, assume two variants. The first one is to have one video decoder per media
stream, the second one is to have one single decoder for the four media streams.

In the case of one video decoder per media stream, the input formatting function is effectively an identity
operation, i.e. each media stream is passed on to one decoder instance. That also means that each media
stream is in this case also an elementary stream which is allowed by the definition of a media stream. Then
the VDE runs those four decoder instances in parallel, collects each output picture and assemble them into
the 2-by-2 arrangement for each set of temporally collocated decoded pictures as shown on Figure D.2.

VDE
. Decoder Video
Mgdia Stream, instance, Object,
Mddia St Decoder Video | |
fcua stream, instance, Object, Video Videg
Object, Object,
Output
e
formatting
Decoder Video Video Vided
M¢dia Stream, instance, Object, ] Object, Object,
Decoded Sequence,
. Decoder Video | |
Mgdia Stream, instance, Object,

Elementary Stream Interface

Figure D.2 — Mosaicking of 2-by-2 video objects with four decoder instances

In the|case of one video decoder for the-four media streams, the input formatting function takes ¢are of
creatihg a single elementary stream out'of the four input media streams. From that point onwards, the VDE
runs ajconventional pipeline with a‘single decoder and output the decoded picture from the decoder ingtance
withotit the need of further processing before the output of the VDE. This case is depicted in Figure D|3.
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