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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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of document should be noted. This document was drafted in accordance with the editorial rules of the ISO/
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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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Video

decoding interface for immersive media

1 Scop

This docu
elementar
operation§

A9~

ment specifies the interfaces of a video decoding engine as well as the gperations

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

2 Normative references

The follow
requireme
the latest ¢

ISO/IEC 2
environme

ISO/IEC 23
coding

ISO/IEC 23

3 Term

For the pu
ISO and IE

ISO Or
IEC El

3.1
media str

ing documents are referred to in the text in such a way that some or all of their content ¢
nts of this document. For dated references, only the edition-cited applies. For undated
dition of the referenced document (including any amendnients) applies.

B008-2, Information technology — High efficiency~¢oding and media delivery in het
nts — Part 2: High efficiency video coding

090-3, Information technology — Coded representation of immersive media — Part 3: Ver,
094-1, Information technology — Genekal video coding — Part 1: Essential video coding
s and definitions

poses of this document,-thefollowing terms and definitions apply.

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

ectropediasavailable at https://www.electropedia.org/

Eanm

partofan

C maintain terminology databases for use in standardization at the following addresses:

related to

y streams and metadata that can be performed by this video decoding engine. To support those

onstitutes
references,

progeneous

satile video

D.

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

Note 1 to entry: Every elementary stream is a media stream, but the inverse is not true.

Note 2 to entry: A media stream may contain metadata such as non-VCL NAL units.

3.2
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)
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3.4
video object identifier
integer identifying a video object (3.4)

4 Abbreviated terms

API application programming interface

ES elementary stream

| video object identifier

IDL interface definition language

IVDI input video decoding interface

MDS media stream

NAL network abstraction layer

OLS output layer set

OVDI output video decoding interface

PPS picture parameter set

SEI supplemental enhancement information
SPS sequence parameter set

VCL video coding layer

VDE video decoding engine

5 Vide¢ decoding engine

5.1 Gengeral

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 sfreams are
fed through the input video decoding interface (IVDI) of the VDE and provided to the subsequent elements
of the renglering pipeline ‘via the output video decoding interface (OVDI) in their decoded form. Between
the input pnd the output, the VDE extracts and merges independently decodable regions from a set of
input medja streams via the input formatting function and generates a set of elementary streams fed to
the video ¢lecoder instances which run inside the engine. The VDE can execute a merging operation or an
extraction operatlon on the 1nput medla streams such that the number of runnmg V1deo decode instances

be incapable of decodlng a single 4K input med1a stream with one decoder 1nstance but it can decode some
of the independently decodable regions, at a lower resolution, present in that input media stream. To 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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instance #j
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MDS medja stream
ES elemfentary stream
MTS metqdata stream
DS decoded sequence
m numper of input metadata streams
n numper of media streams
j numper of video decoder instances
p numper of output metadata streams
q numper of decoded sequences
Figure 1 —'Video decoding engine and interfaces
NOTE 1 Multiple elementary streams that are output of the input formatting function can be fed to a gingle video
decoder ingtance.
NOTE 2 [he concept ofimetadata stream does not yet possess a definition in this document. Figure 4 depicts an
architecturp for handling multiple video decoder instances on a single hardware platform. In this scenfrio, one or
more video| decoderyinstances running on the same video decoder hardware engine are exposed to the|application
layer as several decoder instances each with their own interface.

© ISO/IEC 2024 - All rights reserved

3


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

ISO/IEC 23090-13:2024(en)

Output Video Output Video
Interface Interface
o
S35 | ;
i ug 21 Video decoder ... |1 Video decoder
é_*qé instance #1 instance #j

Hardware
Video Decoder Engine

Engine Control Interfare

Figure 2 — Example relationship between video decoder instanees and video decoder hqrdware
engine

5.2 Inpuytvideo decoding interface

The video flecoding engine accepts media streams anddnetadata streams. There is at least one meia stream
as input byt there is no constraint on the number of imetadata streams with respect to the numbgr of media
streams b¢ing concurrently consumed by the VDE:

The input ¢f the VDE comprises thus:
— nmed]a streams

— mmetgddata streams

5.3 Output video decoding interface

The video|decoding engine’outputs decoded video sequences and metadata streams. There is aft least one
decoded vjideo sequeiice as output but there is no constraint on the number of metadata strgams with
respect to the number of decoded video sequences being concurrently output by the VDE.

These twq outpuyt stream types may be provided in a form of multiplexed output buffers, incliiding both
decoded mjedia-data and its associated metadata.

The output 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

5.4.1 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.

Figure 3 depicts an example instantiation of decoder instances using some of the functionalities of the video

4. By this
buffer and
no instanc

54.1.1.1

decoding interface. The video decoder instances with identifiers 1 to 3 belong to the group with the identifier
orouping mechanism, the three instances write the decoded sequences into a single|aggregate
the decoding operations across those instances are performed in a coordinated mannejr such that
e runs ahead or behind the others.
Application configuration
Clock
component deo decod €
oup #4
X
Video d@r instance #2
oup #4
@
Aggregate
buffer
Video decoder instance #3
Group #4
Figure 3 — Example instantiation using VDI
5.4.1.1 queryCGurrentAggregateCapabilities()
Déclaration
of the queryCurrentAggregateCapabilities() function zﬂong with the

The IDL declarations
AggregateCapabilities and PerformancePoint structures and the capabilities flags are defined as follows:

const
const
const
const
const

unsigned
unsigned
unsigned
unsigned
unsigned

long
long
long
long
long

CAP_INSTANCES FLAG = 0xl;

CAP_BUFFER MEMORY FLAG = 0x2;
CAP_BITRATE FLAG = 0x4;

CAP MAX SAMPLES SECOND FLAG = 0x8;
CAP_MAX_ PERFORMANCE POINT FLAG = 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
unsigned
unsigned
unsigned
unsigned

{
long
long
long
long
long

flags;

max instances;
buffer memory;
bitrate;

max samples second;

PerformancePoint max performance point;

i

AggregateCapabilities queryCurrentAggregateCapabilities

(

in string component name,
in unsigned long flags

)

5.4.1.1.2

The quer}
instantang

The capab

The compo
applies. TH
for all the
exposed by

CAP_INSTA
instances {

CAP_ BUFFE
maximum
moment o

application or the VDE itself depending on the VDEinstantiation.

CAP_BITRA
bitrate in |

CAP MAX S
instantang
componen

CAP MAX P
maximum
instance o

A Performd

pictud

Definition

CurrentAggregateCapabilities() function can be used by the application to
ous aggregate capabilities of a decoder platform for a specific codec component.

lity flags below can set separately or in a single function call to query ‘ofie or more pars3

hent name provides the name of the component of the decoding-platform for which

components of the decoding platform. Components are-hardware or software fun
 the Video Decoding Engine such as decoders.

NCES FLAG queries the max_instances parameter which indicates the maximum number
hat can be instantiated at this moment for the prévided decoder component.

R MEMORY FLAG queries the buffer memory parameter which indicates the instantane
available buffer size in bytes that can be allocated independently of any compone
h the decoder platform for buffer exchange. The allocation of the memory can be d

'E_FLAG queries the bitrate pardmeter which indicates the instantaneous maxim
its per second that the queried(Component can process.

\MPLES SECOND FLAG queriés the max samples second parameter which indi

[ is able to process.

CRFORMANCE POFNT-FLAG queries the max performance point parameter which ind
performance, point of a bitstream that can be decoded by the indicated componen
fthat decoder‘component.

ncepeint’contains the following parameters:

query the

imeters.

the query

e name A11 may be used to indicate that the query is not for a patrticular component biit is rather

tionalities

of decoder

ous global
nts at this
bne by the

um coded

rates the

ous maximum number_of luma and chroma samples combined per second that the queried

icates the
[ in a new

e fate indicating the instantaneous picture rate of the maximum performance point

n pictures

per se

width

NOTE
dimension.

|
CUIIU.

height indicating the height in luma samples of the maximum performance point.

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

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

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

defined as

follows:

exception ErrorAllocation {
string reason;

i

unsigned long getInstance (
in string component name,

in unsigned long group id // optional, default value

-1

rai

)

5.4.1.2.2

The result
and the gr
is that the|
created gr

Several de
such that
each other
aggregate
5.4.1.3

q

5.4.1.3.1

The IDL
ConfigDat
enum
C

bi

struc

C CCc nn

b7
excep

b7

kes (ErrorAllocation) ;

Definition

of a successful call to the getTnstance () function call shall provide the identifier of th
up_idthatis assigned or created for this new instance, if one was requested. The defau
decoder instance does not belong to any already established group)but is assigned
bup.

Coder instances belonging to a same group means that the VDEtreats those instances ¢
the decoding states of those instances progress in synchfony and not in competiti
. As a result, the VDE will also ensure synchronized output writing operation, possi
buffer. There are no conditions for two video decoder instances to be in the same grouj

etConfig()

Declaration

declarations of the setconfig() function, the associated Errorconfig exce
LParameters structure and the confidParameters enumeration are defined as follows:

ConfigParameters {
DNFIG OUTPUT BUFFER

F ConfigDataParametexs j{
hmpleFormat sample format;
bmpleType sample ¢Lype;
hsigned long safiple stride;
hsigned long Llipeé stride;
hsigned londhbuffer offset;

Fion EhrerConfig {
FrinG ;xeason;

e instance

It behavior
to a newly

ollectively

pbn against
bly into an
D.

btion, the

boolean setConfig

(

in unsigned long instance id,
in ConfigParameters config parameters,

in ConfigDataParameters

rai

)

5.4.1.3.2

config data parameters
ses (ErrorConfiqg) ;

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.

— Dbuffer offset indicating the offset into the output buffer, starting from which the output frame should
be written

5.4.1.4 getParemeter() and setParameter()

5.4.1.4.1 | Declaration

The IDL declarations of the getParameter() and setpParemeter() functions_as-well as the [associated
ErrorParapeter exception and the ExtParameters enumeration are defined asfollows:

enum ExtParameters {
%RAM_PARTIAL_OUTPUT,
ARAM SUBFRAME OUTPUT,
ARAM METADATA CALLBACK,
%RAM_OUTPUT_CROP,

\RAM OUTPUT CROP_WINDOW,
ARAM MAX OFFTIME JITTER

'y U U U U

i

struct CropWindow {
uhsigned long x;
upsigned long y;
upsigned long width;
upsigned long height;

excepfion ErrorParameter ({
sfring reason;

any getParameter (

ip unsigned long instance id,

ih ExtParametersgsext parameters,
opt any paramefer

boolepn setPaxgméeter (

ip unsighed long instance id,

ip ExEParameters ext parameters,
ip @ny/parameter

) raipéswErrorParameter) ;

5.4.1.4.2 Definition

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 M;Lpping on OpenMAX™ integration layer (OpenMAX IL)

5.5.1.1 (Qverview

For more information on OpenMAXY IL, Annex E provides a brief description of the.main functions of this
API.

5.5.1.2 Mapping of VDI functions

The function defined in 5.4 are mapped on the OpenMAX IL interfage by using the extension rhechanism
defined by the specification. This MPEG VDI extension for OpenMAX’IL is formatted as a C header file and
registered|with the vendor name “MPEG”.

Annex B defines the MPEG VDI extension for OpenMAX IL and\provides information to access the|electronic
version of this extension.

5.5.2 Mapping on Vulkan® Video

5.5.2.1 (Qverview

Vulkan®2)|Video (VK) is an extension of the Vulkan API which defines functions exposed by Graphics
Processing Units (GPU). This extension provides interfaces for an application to leverage hardwarg decoding
and encoding capabilities present on GPUs.

A VK Videp Session consists of a single decoding session on a single layer. As a result, a singl¢ VK Video
Session cofresponds to a single\video decoder instance depicted in Figure 1.

The mappilng of VDI functions 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)

Extending vkvideoSessionCreateInfoKHR with a group identifier passed in t
structure

VkVideoSessionCreateInfoGroupingMPEG. Call of existing
vkCreateVideoSessionKHR().

he new

setConfig (buffer con-

Mapping on existing VkvideoSessionCreateInfoKHR and

figuration) VkVideoPictureResourceKHR structures.

getParameter and set- New VkvideoSessionOutpntParameterMPEG structure
Paramete

5.5.2.2 The vkGetPhysicalDeviceCurrentVideoCapabilitiesMPEG() function

5.5.2.2.1

The VK Vidleo API provides a function for querying capabilities for a single VK WVidéo Profile whi

vkGetPhys
vkGetPhys
eVideoCap
allows to ¢

aggregated capabilities pertains to this given profile.

5.5.2.2.2

VkResult
VkPhy
vkvid
VkCur

5.5.2.2.3
physicalD

pVideoPro
profile str

pCapabili
returned.
5.5.2.3 1

5.5.2.3.1

Definition

| calDeviceVideoCapabilitiesKHR (). Similar to this function, the VDI VK mapping ¢
LcalDeviceCurrentVideoCapabilitiesMPEG()funCtkHL In contrast to the vkGetPhyd
bbilitieskKHR() function, the vkGetPhysicalDeviceCurrentV¥deoCapabilitiesMPEG
uery the aggregates capabilities of the physical device. When it is called with a certain

Declaration
ykGetPhysicalDeviceCurrentVideoCapabilitiesMPEG (
EicalDevice physicalDevice,

FoProfileKHR* pVideoProfile,
rentVideoCapabilitiesMPEG* pCapabidities) ;

Semantics
bvice is the physical device whose video decode or encode capabilities are to be querie

File is a pointer to a vkvidedProfileKHR structure with a chained codec-operation spe
icture.

Fies IS a pointert0ta vkCurrentvideoCapabilitiesMPEG Sstructure in which the capa

[he VkCurrentVideoCapabilitiesMPEG structure

Definition

d sy o

th is called
efines the
icalDevic
() function
brofile, the

.

cific video

bilities are

The vkcur

bxzc o o PV N PUT FEPTEP=Y TR dlan 3o Co e bl o b
eItV IacoCapap T rrtresrme no St attur CorasTrneTroriracaonretar nttroy o €

calDeviceCurrentVideoCapabilitiesMPEG () 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;

© ISO/IEC 2024 - All rights reserved
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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.

bitrate see semantic in subclause 5.4.1.1.2.

maxSamplepSecond see semantic in subclause 5.4.1.1.2.

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

5.5.2.4 The VkCurrentVideoCapabilitiesMPEG structure

5.5.2.4.1 | Definition

The vkcurkentvideoCapabilitiesMPEG structure contains properties describing a performance point for a
video prodessing entity.

5.5.2.4.2 | Declaration

typedef sfruct VkPerformancePointMPEG ({
VkStrfictureType sType;

voidx* pNext;

uint3p t pictureRate;
uint3p t height;
uint3p t width;
uint3p t bitDepth;

} VkPerfo :ﬁancePointMPEG;

5.5.2.4.3 | Semantics
sType is thie type of this structure/
pNext is NULL or a pointer to-astructure extending this structure.

pictureRafe see semantié.in subclause 5.4.1.1.2.

height seg semanticin-subclause 5.4.1.1.2.

width see §emantie in subclause 5.4.1.1.2.

bitDepth jeesémantic in subclause 5.4.1.1.2.

5.5.2.5 The VkVideoSessionCreateInfoGroupingMPEG structure

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

groupId S€

5.5.2.6

5.5.2.6.1

The vkvid
the output]

5.5.2.6.2

typedef s
VkStr
const
VkFla
uint3
uint3
VkFla
VkExt
uint3
void*

} VkvVideo

5.5.2.6.3

e semantic in subclause 5.4.1.2.2.

[he VkVideoSessionOutputParameterMPEG structure

Definition

boSessionOutputParameterMPEG structure contains parameters that' configure the pr
of the VK Video Session.

Declaration

fruct VkVideoSessionOutputParameterMPEG {
hctureType sType;

voidx* pNext;
partialOutput;
subframeCount;
pSubframeOutput;
outputCrop;
pOutputCropWindow;
maxOfftimeJitter;
pMetadataCallback;
FessionOutputParameterMPEG;

I
&t
* ok

N
o}
*

n

o o oY

 f

Semantics

sType is the type of this structure,

pNext is NI
partialOu
subframeC
outputCro

pOutputCr

JLL or a pointer to atstructure extending this structure.

Fput see semantie-in subclause 5.4.1.4.2.

bunt and pSupframeoutput see semantic in subclause 5.4.1.4.2.

b see.semantic in subclause 5.4.1.4.2.

bpWindow see semantic in subclause 5.4.1.4.2.

bperties of

maxOfftimeJitter See semanticin subclause 5.4.1.4.2.

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,
Media Skream Input Decoding Decoder, Composition | |
Delivpry Formatter, Buffer DB, Memory,
X — Comjpositor
Interface . i
Decoding Decoder €omposition |_|
Buffer DB, 3 Memory 5
Input Decoding Composition | |
Formatter, | BufferDB n Decgger,, Memory
Media Stream Interface Elementary Stream Interface

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

Figure 4-- VDI systems decoder model

6.2 Congepts of the VDI systems decoder model

6.2.1 Gdneral

The concepts necessary*for the specification are the formatting, the timing, and the buffering fmodel. The
sequence ¢f definitions corresponds to a walk from the left to the right side of the VDI SDM illustration in

Figure 4.

6.2.2 Medid 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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cess Units (AU)

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 El
See 7.1.2.6

6.2.9 De¢
See 7.1.2.7

6.2.10 Cgmposition Units (CU)

See 7.1.2.8

6.2.11 Cgmposition Memory (CM)

See 7.1.2.9

6.2.12 Cgmpositor

See7.1.2.1

7 Video decoder interface

7.1 Gengeral

As shown
instances.
available 1
input med
experience
thanks to

This clauss

3 C3 h 3 £ LFECI)
FINICIILAL Y OUCdII ITILCT 14 (LOl)

in ISO/IEC 14496-1.

coder

in ISO/IEC 14496-1.

in ISO/IEC 14496-1.

in ISO/IEC 14496-1.

) in [SO/IEC 14496-1.

in Figure 1, the hardware video decoding engine may spawn one or more vidg
The number of instances running is an optimization choice for the platform when ¢
esources such as(computational load, energy consumption, memory, etc. However, the
a streams fed through the IVDI depends on the application needs to properly render
. Thereforesohe or more input media streams may be fed to the same video decodin
he block-called "Input formatting” in Figure 1.

b defines the binding for several video codecs to realize the operations on input video s

o decoder
pnsidering
number of
the media
g instance

[reams.

7.2 Ope

rations on input media streams

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
AccessUnit a type of access unit
VideoObjegtldentifier a type of video object identifier
VideoObjeftSample a type of video object sample

7.2.3 Filtering by video object identifier

7.2.3.1 Definition

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

the identifier of the selected video object té b& extracted
Output: one elementary stream with one videoobject which corresponds to the selected dne

Signature: ElementaryStream output stream\filtering(MediaStream input stream,
VideoObjectIdentifier id)

For each i{th access unit in the input media Stream, the function makes a copy of the access unitf Then, the
function ligts the video object samples présent in this copied access unit. If a video object sample does not
correspon(l to the video object identifier passed as input, the video object sample is removed from|the copied
access unif. Lastly, the copied acceSs unit is appended to the output elementary stream as a new dccess unit.

NOTE [he function implemerits a filtering process based on the selected object identifier, that is the original
access units are first copied and then removed from the unwanted objects. This way, the operation does|not need to
create and initialize an emptyjaccess unit and the properties of the input access units are passed on to the access units
of the outpyt stream.

7.2.3.2 escription

The filteripgfunction extracts one video object from an input media stream and returns an glementary
stream as butput-whichcomprisesthesetected-videoobject:

In case the video object is a slice, the filtering function extracts this slice in every 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.

© ISO/IEC 2024 - All rights reserved
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724 In

7241 1

Function:
Definition

Input:
Output:

Signature:

For each i
access uni
the i-th acq
unit. Lastl}

NOTE 1

NOTE 2
second inpy
properties
stream.

7.24.2 1]

Figure 5 — Example of input and output video for the filtering function

serting video objects
Definition

Inserting

f:MDS x MDS — MDS
Two media streams containing at least one video object each

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

MediaStream output stream insegting(MediaStream input stream 1,
MediaStream input stream 2)

th access unit in the first and se¢ond input media streams, the function makes a copy
L of the second input media stream. Then, the function lists the video object samples
ess unit from the first input media stream. Each video object sample is added to the coj
, the copied access unitis;appended to the output media stream as a new access unit.

[he inserting operationstops as soon as one of the two input media streams ends.
[he inserting opération is defined as the insertion of video objects of the first input media str¢

t media stream, This way, the operation does not need to create and initialize an empty access
bf the accesSunits of the second input media stream are passed on to the access units of the o

Description

input

of the i-th
present in
bied access

am into the
nit, but the

J:tput media

The inserting function takes the video objects from a first input media stream into a second input media
stream and output the resulting output media stream which comprises the video objects from both first and
second input media streams.

In case the video objects are slices, either the width or the height of the coded pictures of the input media
streams are equal in order to maintain the rectangular shape of the video of the output media stream. In
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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7.2.5 Af
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W

c) Output elementary

Function:
Definition:
Input:
Output:

Signature:

Appending

f:MDS — MDS

One media stream with at least two video objects

One media stream with two video objects which are left and right spatial neighbors

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 stream, which contains those two video objects. The output media stream is a media
containing at least the first and second video objects positioned as side-by-side neighbors.

In case th¢ video object is a slice, the slices of both video objects in the input media stream hayg¢ the same
height as shown in the example Figure 8, diagram a). The slice on the right side is moved next to the slice on
the left side in the output media stream. The slice in between the two slices is moved to the|right hext to the
two slices psed as input of the operation as shown in the diagram b). During this operation, slice header may
need to be|updated to correctly signal the changes of the video object identifiers, e.g-the slice addresses.

T A
| | | | | | |
I I I I I I ({},‘) I
_____ () IR IS S ISR SN S .____L____l_____c_)__L_________l___ o
| | | | | | | |
| | | | | | b | |
| | | | | | | |
e B — — — — (S Sl====q {———+ ————————— ===
| | | | | | | |
| | | | | T | |
_____ [ O | | P S I |
| | ] ] | | |
| | | | | | | |
| | | | | | | |
____+ _____________ _' _____ i 4 ____+ _________ e —— __' _____
| | | | | | | |
| | | | | | | |
_____ ) IR ISR N SR EN S— O b
| | | | | | | |
| | | | | | | |
| | | | | | | |
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

Definition f:MDS — MDS

Input: Ohe media stream with at least two video objects

Output: Orrenrediastreanrwithrtwovideoobjects-whichare-top-and-bottonrspattatreighbors
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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7.2.6.2 Description

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
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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 slice addresses.

7.3 Slicg

7.3.1 Gd
The high e

Table 2 pr¢vides the bindings of VDI doncepts with the concepts defined in ISO/IEC 23008-2.

neral

a) Input media stream

Figure 9 — Example of input and outputvideo for the stacking function

fficiency video coding (HEVC),i§ published under ISO/IEC 23008-2.

Table 2 — Correspondence between VDI concepts and HEVC concrete entities

b) Output elementary stream

p-based instantiation for ISO/IEC 23008-2 high efficiency video coding (HEYC)

Concept HEVC definitions
ElementaryStream 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 according

to ISO/IEC

7.3.2 Media and elementary stream constraints

23008-2.

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.

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.

general interlaced source flag shall be equal to 0.

Each tile shall be motion-constrained as specified in the semantics of the temporal motion-constrained

init

The r¢g
7.4 Layg

74.1 Ge

The versat

ference picture set (RPS) shall be the same across all HEVC input media streams
er-based instantiation for ISO/IEC 23090-3 versatile video coding (VVC)

neral

ile video coding (VVC) is published under ISO/IEC 23090-3.

Table 3 pr¢vides the bindings of VDI concepts with the concepts defined in ISO/IEC 23090-3.

Table 3 — Correspondence between VDI concéepts and VVC concrete entities

o minus26 in the PPS shall be set to the same value across all HEVC input media streaan.

Concept VVC definitions
ElementaryStream bitstream
AccessUnit access unit

VideoObjectldentifier nuh_layer id

VideoObjectSample picture unit

In the rem
ISO/IEC 23

7.4.2 M¢

74.2.1

A VVC meq
rules:

There

hinder of the subclause 7.4, anWVC elementary stream shall be a compliant bitstream ac
090-3 and the independentlayer info SEI message shall be defined as specified in Anng

pdia and elementary stream constraints
reneral mediastream constraints

lia streamrused as an instantiation of the media stream in subclause 7.2 shall obey the

shall be at least one VPS in the media stream and the parameters in each VPS shall be 3

cording to
tx C.

e following

s follows:

— Tt

£] . 1 111 PR |
Clldg VPs dall 1IAdSpPeldcIit —1dycl s 1 1ag Sidil vt STt tU 1.

— Thevalue of sh_picture header in slice header flag shall be equal to O for all coded slices.

— 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
argument of the filtering function.

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

— The number of access units in the output elementary stream shall be equal to the numberqfiatcess units
in the fnput elementary stream.

— The nimber of VCL NAL units in the output elementary stream is equal to the number of VCIj NAL units
with nuh layer idequal to object identifier passed as argument of the function(

— For each VCL NAL unit in the output elementary stream, there shall exist@VCL NAL unit ip the input
elemeptary stream that is bit exact identical.

— All th¢ NAL units in the output elementary stream shall have thesame nuh 1ayer id valye and this
nuh_lgyer id value shall be equal to the object identifier passed as argument of the function,

7.4.2.2.2 | Constraints for the inserting function

Two VVC ipput media streams passed as argument of the ifserting function shall comply to thejse rules in
addition tq the rules in subclause 7.4.2.1:

— The njn 1ayer id value of each NAL unit in the first input media stream shall be different from any
nuh l4gyer idvalue presentin the second inputinedia stream.

— If a SPS or PPS in the first input media stream has the same identifier than a SPS or PPS in the second
input media stream, then those two SPSs,or two PPSs shall have the same payload.

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

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

— For each VCL NAL unitin the output media stream, there shall exist a VCL NAL unit in of one|of the two
input media streams that is bit exact identical.

7.4.2.2.3 | Constraints for the appending function

A VVC inpptniedia stream passed as argument of the appending function shall comply to thepe 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.

— 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
input media stream.
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stream that is bit exact identical.

object

object

identifier.

identifier.

For each VCL NAL unit in the output media stream, there shall exist a VCL NAL unit in the input media

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

There shall be an independent layer info SEI message whose nuh 1ayer idis equal to the second video

The independent layer info SEI message whose nuh_layer idis equal to the first video object identifier

shall have its boundary identifier east value equal to the boundary identifier west value of the
independent layer info SEI message whose nuh _1ayer idis equal to the second video object identifier.

74.2.2.4

A VVC input media stream passed as argument of the stacking function shall comply (to-thes

addition td
There

Two o
as arg

A VVC med

the rules ip subclause 7.4.2.1:

The ny

input media stream.

For ea
strean

There
object

There
object

shall |
indep¢

7.5 Slicé

7.5.1 Ge¢

The essent

The Infdependent layer info SEI message whose nuh_layer idis equal to the first video objec

Constraints for the stacking function

the rules in subclause 7.4.2.1:

shall be VCL NAL units with at least two different nuh_1ayer id values.

be rules in

[the at least two different nuh_layer id values shall be equal to thetwo object identifiers passed

iments of the appending function.

lia stream generated as output of the stacking function shall ¢emply to these rules in

Imber of VCL NAL units in the output media stream is equal to the number of VCL NAL t

ch VCL NAL unit in the output media stream, there shall exist a VCL NAL unit in the iy
1 that is bit exact identical.

shall be an independent layer info SEI niessage whose nuh layer id is equal to the
identifier.

shall be an independent layer info'SEI message whose nuh_layer idis equal to the se
identifier.

ave its boundary ident(ifiter south value equal to the boundary identifier northV

hddition to

Inits in the

l)put media

first video

rond video

t identifier
hlue of the

ndent layer info SEl.message whose nunh layer idisequal to the second video object iflentifier.

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

neral

ial video coding (EVC) is published under ISO/IEC 23094-1.

Table 4 pravides the bindings of VDI concepts with the concepts specified in ISO/IEC 23094-1, |

Table 4 — Correspondence between VDI concepts and EVC 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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7.5.2 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.

7.5.2.2 Media and elementary stream constraints for input formatting functions

7.5.2.2.1
An EVC inj

One of
asarg

An EVC ele

The nu
in the

with t
the fu

media

All thd
in the

7.5.2.2.2

Two EVC i
rules:

Al lea
media

If the
shall b

If the
shall b

The ngmber of VCL NAL units in the output elementary stream.is'equal to the number of VCL

Constraints for the filtering function
ut media stream passed as argument of the filtering function shall comply to the folloy

the smallest values of the ID of the tiles in each slice shall be equal to the objeet identi
iment of the filtering function.

mentary stream generated as output of the filtering function shall comply to the follow

mber of access units in the output elementary stream shall be equal to the number of a
input media stream.

he smallest value of the ID of the tiles in the slice equal’to object identifier passed as a1
nction.

stream that is bit exact identical.

NAL units in the output elementary streafnvshall have the same smallest value of the ID
Slice value and such value shall be equalto the object identifier passed as argument of th

Constraints for the inserting function

hput media streams passed.as argument of the inserting function shall comply to the

5t one of the values,of .pic width in luma samples Or pic_height in luma samples
streams shall be identical.

Values of picewtdth in luma samples are identical, then the values of num tile colun
e identical:

values 0f‘pic_height in luma samples are identical, then the values of num tiles 1
e idéntical.

Ifas

ving rules:

fier passed

ing rules:

Ccess units

NAL units
'gument of

For ealch VCL NAL unit in the output elementary stream; there shall exist a VCL NAL unit i the input

of the tiles
e function.

e following

of the two

ns minusl

ow minusl

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

the second

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 i

n both input media streams.

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

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

rules:

identifiers passed as arguments of the appending function.

At least two of the smallest values of the ID of the tiles in each slice shall be equal to the two object

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.

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

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

input

For ea]
strean

7.5.2.2.4
An EVC inj

At lea
identif

The wj

spacing is used, whose smallest values of the ID of the til€s)in each slice are identical as argum

appen
An EVC md
The ny

input media stream.

For ea
strean

edia stream.

ch VCL NAL unit in the output media stream, there shall exist a VCL NAL unit’in the iy
1 that is bit exact identical.

Constraints for the stacking function
ut media stream passed as argument of the stacking function shall comply to the folloy

bt two of the smallest values of the ID of the tiles in each &lice shall be equal to the
iers passed as arguments of the appending function.

idth of the slices, number of tile columns of the tiles,included in the slices when the u

Hing function are identical.
dia stream generated as output of the stacking function shall comply to the following 1

mber of VCL NAL units in the output meédia stream is equal to the number of VCL NAL t

ch VCL NAL unit in the output media stream, there shall exist a VCL NAL unit in the iy
1 that is bit exact identical.

Inits in the

Iput media

wing rules:

two object

hiform tile
ents of the

ules:

Inits in the

|put 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 control 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 source code of the extension is available at https://standards.iso.org/iso-iec/23090/-13/ed-1/en/.
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Annex C
(normative)

Supplemental enhancement information (SEI) syntax and semantics

C.1 VDI SEI envelope

C.1.1 General

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

SEI messages may only apply to certain video coding specifications.

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

C.1.2 VDI SEI envelope syntax
Table C.1 defines the syntax of the VDI SEI envelope.

Table C.1 — Syntax of VDI SEI enyelope

Syntax

Size

Type

vdi sei dgnvelope( payloadSize ) {

vdi sub type

unsigned ihteger

ifl(vdi sub type == 0)

independent layer info (payloadSige' - 1)

ellse

reserved message (payloadSize - 1)

}

C.1.3 VDI SEI envelope semantics

vdi_sub_t}pe indicates the payloadtype carried in the VDI SEI envelope.

C.2 Indgpendent layer info SEI message

C.2.1 Ingdependentlayer info SEI message syntax

Table C.2 defin€s'the syntax of the independent layer info SEI message.

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

boundary 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)
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 indepg¢ndent layer info SEI message provides the spatial alignment of the different indepenthent layers
present in p bitstream by epxressing the relative positioning between these layers using matehing boundary
identifiers| In a multi-layer bitstream, there shall be at most two occurrences of a given botindary identier
creating a pair of matching boudary identifier. In other words, a layer has at most one neighbor perjboundary.

This SEI ?Iessage may be extracted by the VDE and used for the output formatting’ function t¢ correctly
place the decoded pictures from each layer in the final output picture. In this case;the decoder ing§tance may
ignore thig SEI message if present. Alternatively, the decoder instance may be |capable of decodipg a multi-
layer bitstfeam as well as parsing the SEI message in which case no output formatting function isneeded.

boundary fdentifier north present flag, boundary identifief past present flag, boundary
identifief south present flag and boundary identifier west p¥Fésent flag equal to 1 specify that the
SEI message contains a boundary identifier, respectively, for the north, east, south and west boundary.

boundary fidentifier north, boundary identifier east, ¢boundary identifier south and |boundary
identifief west specifiy the boundary identifier, respecitvely, at the north, east, south and west boundary
of the decpded picture of the associated layer; the associated layer being the layer whose nuh|layer id is
equal to the nuh_layer_id of the SEI message. If not présent, the boundary identifiers respecityely at the
north, east, south and west boundary of the decoded®icture of the associated layer are not defingd.

Figure C.1[illustrates the where the bounarieslie'on the decoded picture associated with a layer.

Layer i

Figure C.1 — Representation of where the boundaries are on the layers

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 layer from a selected OLS:

— Forea

If

Fgr each present independent layer info SEI message, parse the payload-and store the]

id
If

pi

as follows:

— For each layer:

—{ Place each layer in a grid, with each grid'cell corresponding to a north, east, south, we

—{ The value XPos for each layer.eorresponds to the sum of the widths of each layer in the

In
pi
al

Fdr each picture unit:

—{ Decade the coded picture.

If

Fdr each present PPS, determine the size in luma samples of the corresponding.layer.

ch access unit:

VPS present, parse VPS and store the list of layers in the bitstream.

bntifiers for the corresponding layer.

Cture per layer in the final output picture. An example step sequence to calculate XPos ¢

— Parse the list of cropped picture size andthée’boundary identifier.

— Identify the north, east, south, west rieighbouring layers.

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

of the grid, left of the current layer. The value YPos for each layer is corresponds to
the heights of each layei~in the same column of the grid, above the current layer.

fitialize a picture buffer of size FinalWidth of width and FinalHeight of height for the fi
Cture where FinalWidth and FinalHeight are the width and height of the final output pic
the layers are'concatenated according to the defined graph.

boundary

hny of VPS, PPS or Independent layer info SEl message is present in'the current access unif, calculate
thie horizontal, XPos, and vertical, YPos, positions of the top-lefticorner of each cropps

d decoded
nd YPos is

5t value for
est, north,

b same row
the sum of

nal output
ture when

pictdres are ready for output:

— 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, YPos)

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 example 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 (NyE, S, W)
g% 0 416 x 240 0 100
RN
(o—? 1 416 x 240 0001

Figure C.2|depicts the signaled connected map.

Layer O Layer 1

Figure'\C!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

Outnutseaguanca
oartpat o quaence

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

Sequence Layer Resolution

Boundary identifiers (N, E,

/\ 2 832x480

S, W)

g% 0 416 x 240 0120
AR

@%o—o 1 416 x 240 0001

2000

Figure C.3

Basedont

depicts the signaled connected map.

Layer 0 [ayer 1

Layer 2

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

his 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 operatians defined in subclause 7.2 as well as the associated input and output constraints p
building biocks for the implementations of the input formatting function. The way a certain implé
converts the media streams to elementary streams based on the requested decoded sequences corj

rovide the
mentation
figuration

is informative and left for optimization by the implementor as long as the output elementaby streams meet

the requirgments of the elementary stream interface.

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

In this exdmple, the goal is to take four video objects as input in four différent media streams gnd obtain
as output ¢f the VDE one decoded sequence containing the four decoded\video objects arranged|in a 2 by 2
grid in eadh picture of the decoded sequence. We assume that the application is able to communifcate to the
VDE via an external communication channel to express how the media stream needs to be arranged in the
decoded s¢quences. For the purpose of the illustration, consider.that the four video objects have the same

video resojution. Figure D.1 depicts the input situation at thednedia stream interface, input of th
the intendged situation at the output of the VDE.

Application configuration
e

MedialStream,

e VDE and

Media|Stream, ! Video Video
Object, OHject,
> VDE >
Video Video
Media| Stream, Object, Object,

Media Stream,

Media Stream Interface

Decoded Sequence,

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
Media Stream, izg:;iearl ,Y];iep(;l ]
Media dtream Decoder Video | | . .
) z instance, Object, Video Video
Object dbject
Output ! ?
—>
formatting
Decoder Video Video ideo
19 9 | . .
Media Jtream, instance, Object, Object, (bject,
Decoded Sequence;
Decoder Video
o —
Media Qtream, instance, Object,

Elementary Stream Interface

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

In the cas¢ of one video decoder for thé. four media streams, the input formatting function takes care of
creating a single elementary stream oqutof the four input media streams. From that point onwards, the VDE
runs a conyentional pipeline with asingle decoder and output the decoded picture from the decod¢r instance
without thie need of further processing before the output of the VDE. This case is depicted in Figufre D.3.
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