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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of

ISO or IEC participate in _the development of International Standards through technical committees
establis
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ned by the respective organization to deal with particular fields of technical activity. ISO and IEC
| committees collaborate in fields of mutual interest. Other international organizations, governmenta
-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field of infermation
gy, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

onal Standards are drafted in accordance with the rules given in the ISO/IEC DirectivesyPart 2.

in task of the joint technical committee is to prepare International Standards: Draft Internationa
s adopted by the joint technical committee are circulated to national bodies fér yoting. Publication as
national Standard requires approval by at least 75 % of the national bodies gasting a vote.

n is drawn to the possibility that some of the elements of this document;may be the subject of paten
BO and IEC shall not be held responsible for identifying any or all suéh patent rights.

14496-21 was prepared by Joint Technical Committee ISQHEC JTC 1, Information technologyi
mittee SC 29, Coding of audio, picture, multimedia and hypermédia information.

14496 consists of the following parts, under the general title Information technology — Coding of
sual objects:

t 1. Systems

t 2: Visual

t 3: Audio

t 4. Conformance testing

t 5: Reference software

t 6: Delivery Multimedia Integration Framework (DMIF)

t 7. Optimized reference software for coding of audio-visual objects [Technical Report]
t 8: Carriage of ISO/IEC 14496 contents over IP networks

t 97 Reference hardware description [Technical Report]

Part 10: Advanced Video Coding

Part 11: Scene description and application engine

Part 12: ISO base media file format

Part 13: Intellectual Property Management and Protection (IPMP) extensions

Part 14: MP4 file format

© ISO/IEC 2006 — All rights reserved
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— Part 15: Advanced Video Coding (AVC) file format
— Part 16: Animation Framework eXtension (AFX)
— Part 17: Streaming text format

— Part 18: Font compression and streaming

— Part 19: Synthesized texture stream

1+— Part 20: Lightweight Application Scene Representation (LASeR) and Simple Aggregation Format’(SAF)
1+— Part 21: MPEG-J Graphics Framework eXtension (GFX)

1+— Part 22: Open Font Format
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Information technology — Coding of audio-visual objects —

Part 21:
MPEG-J Graphics Framework eXtensions (GFX)

I Scope
[his International Standard specifies MPEG-J Graphics Framework eXtension (GFX). This extension

brogrammatic manner.

P Normative references

The following referenced documents are indispensable for the ‘application of this document. Fqg
eferences, only the edition cited applies. For undated referénces, the latest edition of the ref
focument (including any amendments) applies.

SO/IEC 14496-1:2004, Information technology — Coding of audio-visual objects — Part 1: Systems

SO/IEC 14496-11:2005, Information technology~ Coding of audio-visual objects — Part 11
Hescription and application engine

JSR-135, Mobile Media APl (MMARPI) — http:/fjep.org/aboutJava/communityprocess/final/jsr135/index.

enables

Java-based applications to control the rendering and composition of syntheticiand natural megia in a

r dated
erenced

Scene

html

B Symbols and abbreviated terms

ist of symbols and abbreviated terms.

AP| Application Programming Interface
BIFS Blnary Format for Scenes

ES Elementary Stream

oD InitiahObject Descriptor

JCP Java-Community Process

JSR Java Specification Request

M3G Mobile 3D Graphics API for Java
MPEG-J MPEG-4 Java Application Engine
DD Object Descriptor

4 —Notations

The UML (Unified Modelling Language) notation [18] is used extensively in this specification for class,

sequence, collaboration, state and component diagrams.

© ISO/IEC 2006 — Al rights reserved
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5 MPEG-J Graphics Framework eXtension

5.1 Introduction

In an MPEG-4 terminal, multiple media are composed to create a final image displayed on its screen. These
media may be synthetic (e.g. made by a computer such as vector graphics) or natural (e.g. audio and video

capture

d from a sensor). Composition of visual media to produce a final image is achieved, for each frame, by

rendering instructions.

In ISO/[EC 14496-11, the BIFS scene description describes rendering and composition operations In- 3
structuréd manner using a tree or scene graph. The application engine enables programmatic access {q

termina

based dn the application's logic. However, the application has no direct access to rendering or compositior
operatidns; rather the terminal interprets the operations described in the scene graph and performs some
renderirlg operations.

In this document, ISO/IEC 14496-21, the Java application engine is extended with directraccess to rendering
and composition operations. This enables applications to optimize organization of such operations based or
their logic and to produce visual effects not possible with a descriptive language<such as BIFS. Note tha
ISO/IE(Q 14496-21 application engine reuses interfaces defined in ISO/IEC 14496-11, however some of them

are revi

In this gpecification, two rendering APIs are selected as a recommended(practice, a low-level graphics AP
(JSR-239 Java Bindings to OpenGL ES [1][3]), and an API with higher-level constructs such as scene graphs
and anipnation (JSR-184 Mobile 3D Graphics API for Java [4]). Alternatively, an implementer may choose 3
proprietary rendering API. The responsibility of ensuring the behaviour of the proprietary API calls is outside
the scope of this specification. In other words, if one or both of\the JSR-239 and JSR-184 APIs are choser

then thi

Figure 1 depicts the block organization of systems and ARIs in an MPEG-4 terminal using the specification ir
this dociment.

resources and interacts with the scene description to arrange rendering and composition operations

bed.

$ specification defines normatively how such implementations interact with the renderers.

Application g Xlet)

NOTE 1

| D |:| Java (sent to terminal)
MPEG-J/GFX | 1 Java . .
ISO/IEC 14496-21) |! (Scenegr@bh) M3G i bindings | [ Java (in terminal)
R G v 3 3 | i Native (in terminal)
MPEG terminal @'239 ...l M3G :: Graphics |
(prtemsDecoses| " OpenGlL ES || "asterizer || Engine |
MPEG-J Rendering APIs

Figure:1 — Block diagram of an MPEG-4 Player with MPEG-J extensions for rendering.

The two Java APIs defined by the JSR-239 and JSR-184 expert groups may be implemented on top of

OpenGL ES. Some implementations may use a custom renderer tailored for M3G, instead of OpenGL ES.

NOTE 2

Typically, an MPEGIet - or application as called in this document - may define its own scene graph APlIs built

upon JSR-239, may use an API similar to ISO/IEC 14496-11 BIFS built upon JSR-239, use JSR-184 rich and lightweight

scene g

raph API, or use any rendering engine available in the terminal. Through MPEG-J API and the extensions defined

in this document, an application can interact with other resources in an MPEG terminal.

© ISO/IEC 2006 — All rights reserved
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5.2 Architecture

5.2.1 Overview

Figure 2 shows the typical workflow in an MPEG-4 terminal, following ISO/IEC 14496-1 and
ISO/IEC 14496-11. From left to right, a multiplexed stream is received by the demultiplexer. The demultiplexer
splits the stream in elementary streams that are decoded by decoders. MPEG-4 defines decoders for audio,
video, and MPEG-J among others. The MPEG-J decoder receives Java classes or archives and launches
those implementing MPEGIet interface in their own thread of execution and namespace. Once launched, the
MPEGtetapplicationcan

e Issue rendering and compositing commands
e Control media retrieval and playback

/Vhile in ISO/IEC 14496-11 MPEGiIets could only access rendering and compositing.operations via the BIFS
scene graph, in this specification, MPEGIlets may issue graphic commands on, the graphic context of the
terminal output device. An application can query the rendering APIs available-in the terminal and sg¢lect the
most appropriate one for its needs. Behaviour of the calls to rendering APIs'is’ outside of the scopg of this
specification.

Dn the native side, software and hardware video decoders output pixelafrays per frame that refresh g texture
bbject in the renderer’s fast texture memory. These texture objectsycan be accessed and mapped pnto 3D
surfaces at any time as directed by the application. This enablés any type of composition and effeqts using
fexture addressing, texture mapping, and blending operations~among others.

Gtaphic commands

nal image

(Deceding Buffers) (composition buffers)

Figure 2 — Conceptual workflow.

b.2.2 ~Systems interaction

[he’ Java classes comprising the application define its logic and media must be retrieved from elementary
streams. MPEG-4 Systems Object Descriptor framework defines many possibilities to interact with the
streams flowing into a terminal. However, from an application point of view, higher-level functionalities are
preferable:

e Connect to a media location using a protocol,

e Control of the playback of media (e.g. play, pause, stop a video stream and its associated audio),

e Retrieve the output of a stream for composition on the terminal’s output,

e Possibly, control the post-processing of media

© ISO/IEC 2006 — Al rights reserved 3
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In this specification, such an abstraction is represented by the concepts of DataSource, Player, and Controls
originally developed for Java Media Framework specification [7] and reused in Mobile Media API specification:

Figure
MPEGI

DataSource abstracts protocol handling,
Player abstracts content handling,

Control provides a way to interact with the Player’s processing.

t. DataSources, Players, and streams may expose controls for the MPEGIet.

MPEGlIet
RRs======== ! L
Control1 [pElayer ! Contral2 }
I |
1 1
1 1
1 !
! h
' :
Bufferlhfo Renderer
| Renderer

us

DataSource

Elemen
to a GLI

— Fon

—  For

5.2.3

An appl

> Renderer

Figure 3 — Conceptual view of the terminal from an application.
ary streams (ES) output composition buffers abstracted by a Bufferinfo interface that enables access
Buffer interface that wraps native composition data:
a video decoder, GLBuffer wraps a byte array of pixels in an optimized format for the graphic card.

other decoders)specific Bufferinfos may be defined.

Contexts

cation' communicates with the terminal resources via contexts. A context typically encapsulates thg

state m

n ment for vice. Th lication man r may run multipl lications at on h with itd

own contexts but only one context can be active at a time for a device and, in general, a context is valid for
one thread of execution.

In this specification, the following contexts are discussed (but not restricted to these contexts only):

Application context or MPEGIletContext — enables the application (MPEGIet) to communicate with the
application manager within the terminal.

Rendering contexts — to access graphic resources (e.g. OpenGL driver) and audio resources.

System contexts — to access stream information

© ISO/IEC 2006 — All rights reserved
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5.3 Static view

5.3.1

GFX MPEGlIet architecture

Figure 4 depicts the GFX MPEGIet architecture. The application manager loads an MPEGIlet and calls
MPEGIet.initftMPEGIetContext ctx). An MPEGIet is a Runnable because multiple MPEGlets may run in
parallel and the application manager handles issues such as threading or switching between MPEGlets; from
the terminal point of view, an MPEGiIet is akin to a task.

The MPEGIetinterface has the folfowing methods:

void init(MPEGletContext context) - called when the MPEGiIet is loaded the first time:The ¢
provided by the application manager.

bntext is

void pause(), stop(), run(), destroy() - called by the application manager-to)notify the NIPEGlet

about state changes. The method run() is inherited from Runnable interfaceland is the “main
the application. See subclause 5.4.1 for a description of MPEGIet states.

The MPEGIetContext provides access to terminal resources and application/state management and
ollowing methods:

Object getDisplay() - returns javax.microedition.lcdui.Display for MIDP and java.awt.Fn

loop” of

has the

ame for

other Java profiles. This enables the application to add, it Jown graphics components into fhe area

provided by the terminals. These components can be<Java components (e.g. Canvas, G
Image) or Renderers using Java components as defined in this spec
DisplayNotAvailableException may be thrown if\a display can not be granted at this time.

String getProperty(String key) - returns_theé value of a property within the terminal or f
application descriptor of the application (seé subclause 5.7). NULL is returned if the key does
For renderers, if a named renderer exists}ithis method returns the version of the renderer.

int checkPermission(String permission) - gets the status of the specified permission. If ng
the device defines the specific.permission requested then it must be reported as denied. If th
of the permission is not knowhbecause it might require a user interaction then it should be
as unknown. It returns O if the permission is denied; 1 if the permission is allowed; -1 if the
unknown

TerminalContext- getTerminalContext() - returns a TerminalContext to access resou
network managers. MPEG-4 terminals return MPEGContext, an MPEG-4 specific sub-
TerminalContext that provides access to the initial object descriptor, object descriptors
scene manager for the content.

void requestResume() - requests the terminal to resume the application (see subclause 5.4.7

void requestPause() - requests the terminal to pause the application (see subclause 5.4.2).

raphics,
fication.

rom the
n't exist.

APl on
e status
eported
btatus is

‘ce and
class of
and the

© ISO/IEC 2006 — Al rights reserved


https://standardsiso.com/api/?name=a13fa9d8c3da305cbda445fb37a2fb8b

ISO/IEC 14496-21:2006(E)

«interface»
Runnable
{abstract}

+ run() : void

<intertacer «interface» «interface»
MPEGIet MPEGletContext «access» TerminalContext
{abstract} [ «access» fabstract} - ---- oo oo oo IS {abstract}
-------- + ARGS: String = "org.iso.mpeg.m... N ):
+ init(ctx :MPEGletContext) : void 7 .
+ pause() : voi + checkPermission(permission :String) : int H
+ stop() : void v + getDisplay() : Object H ZF
< 2 void + getProperty(key :String) : Object '
+ getTerminalContext() : TerminalContext 1 «interface»
+ requestPause() : void i MPEG4Context
+ requestResume() : void ' {abstract}
H + getlnitOD() : ObjectDescriptor
I
! + getODs() : Vector
' + 5 M
l
: + g ):
i
Exception T a@ccess
q I
MP l
|
+ MPEG on(s:String) E
+ MPEGI on() H
|
|
|
Exception H
I
Unavail i !
H % - «interface»
+ Unavailablef i ion(s :String) v \ DynamicCapabilityManager
+ Unavailable ) «interface» x {abstract}
R M B; b
osourceManagersase = . |+ addDyn c@bl//‘tyObsen/er{cap :String, threshold :long, obs :DynamicCapability@bserver) : void
FSp—— {abstract} «access» ~ |+ removeDynamicCapability (cap :String, obs :DynamicCapabilityObserver) : vold
PEG A + getD ) e 5 ) D + dej erver(obs :DynamicCapabilityObserver) : void
+ addUserDatalListener(listener :UserDataL istener) : void
+ MPEG ) + removeUserDatalListener(listener :UserDataListener) : void Y «interface»
. G + getCapability(capability :String) : Object A
+ MPI :String) . e . . L T UserDataListener
+ getDynamicCapabilityManager() : DynamicCapabilityManager «use» {abstract}
+ getRenderer() : Renderer }
Zr + userDataUpdate(buffer :byte[]) : void
«interface» «interfage»’
ResourceManager MPEGResoutceManager
{abstract} {abstract}
+ GL_RENDERER: String = "org.iso.mpeg.m...

+

M3G_RE

PERER: String = "org.iso.mpeg.m...

createPlaypr(locator :String) : Player
createPlayr(source :DataSource) : Player

teP type :String) : Player
:String) :
:String) : String[]
t_type :String) : String[]
: TimeBase

( “Inp

ContentT)

FoE b oE o+ o+

5.3.2 Eg.Terminal Contexts

5.3.2.1 [TerminalContext

5l
getAvailableDecodertype | ;&erType) : MPDecoderf]
changeDecoder(dec :M|
getDecoder(esd :ES,
getDecPriority(dec ™
setDecPriority(dec )

oder) : int
coder, priority :int) : void

oo+ o+

ler, esd :ES_Descriptor, od :ObjectDescriptor) : void
tor, od :ObjectDescriptor) : MPDecoder

Figure 4 — GFX MPEGlIets architecture.

TerminalContext interface enables access to the ResourceManagerBase

this MPEGlet.

The object

returned may support either

or

MPEGResourceManager interfaces. An MPEG-4 terminal usually supports both interfaces.

5.3.2.2 MPEG4Context

ResourceManagerBase getResourceManager() - returns the ResourceManagerBase associated with
both of ResourceManager and

MPEG4Context interface extends TerminalContext with access to MPEG-4 Systems specific stream

information

© ISO/IEC 2006 — All rights reserved
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— ObjectDescriptor getInitOD() - returns the initial object descriptor of this content.
— Vector getODs() - returns the list of object descriptors available in this content.
— SceneManager getSceneManager() - returns the (BIFS) scene manager.

— NetworkManager getNetworkManager() - returns the (DMIF) network manager.

5.3.3 Resource manager

esources. MPEGResourceManager provides similar features for terminals that offer access to
Bystems.

RecordStore and to the system’s time base.

esource contexts management and calls javax.microedition.media.Manager.

«interface»
ResourceManagerBase

addUserDatalListener(listener :UserDatalistener) : void
getCapability(capability :String) ~Object

getDecoder(stream :ElementaryStream) : DecoderBase
getDynamicCapabilityManager() : DynamicCapabilityManager
getRenderer() : Renderer

removeUserDataListenéx{listener :UserDataListener) : void

+ o+ o+ o+ o+ o+

=<

ResourceManagerBase is a super interface for ResourceManager and MPEGResourceNLnager.
ResourceManager ResourceManager is the central interface between an MPEGIlet and~the tgrminal’s

MPEG-4

ResourceManager enables creation of Players from DataSource and provides \convenient methods for
creating players from locators and input streams. It enables creation of Renderers, access| to the

Due to extensibility restrictions in javax.microedtion.media.Manager, ResourceManager copies all methods
bnd semantics of javax.microedition.media.Manager. ResourceManager provides MPEGIlet- dependent

«interface» «interface»
ResourceManager systems::MPEGResourceManager

+ GL_RENDERER: Strind = "org.iso.mpeg.m...
M3G_RENDERER: $tring = "org.iso.mpeg.m...

s

getAvailableDecoder(type :DecoderType) : MPDecoder[]
getDecoder(esd :ES_Descriptor, od :ObjectDescriptor) : MPDecoder

+ o+ o+ o+ o+

changeDecoder(dec :MPDecoder, esd :ES_Descriptor, od :ObjectDescriptor] : void

+ createPlayer(loedtor':String) : Player getDecPriority(dec :MPDecoder) : int

+ createPlayerSeufce :DataSource) : Player setDecPriority(dec :MPDecoder, priority :int) : void

+ createPlayef(Stream :InputStream type :String) : Player

+ createRenderer(rendererClassName :String) : Renderer

+ getRecordStore() : RecordStore

+ getSupportedContentTypes(protocol :String) : String[]

1, \getSupportedProtocols(content_type :String) : String[]

+ getSystemTimeBase() : TimeBase | _________________ = media::Manager

«use» {root,leaf,specification

+ createPlayer(locator :String) : Player
+ createPlayer(source :DataSource) : Player
+ createPlayer(stream :InputStream, type :String) : Playe
+ getSupportedContentTypes(protocol :String) : String|]
+ getSupportedProtocols(content_type :String) : String([]
+ getSystemTimeBase() : TimeBase

Figure 5 — ResourceManager and its factory methods.
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5.3.3.1

ResourceManagerBase

ResourceManagerBase interface defines the following methods:

5.3.3.2

Resour

And the

DecoderBase getDecoderBase(ElementaryStream stream) - returns the decoder associated with
an ElementaryStream stream.

void addUserDataListener(UserDataListener listener) - registers a UserDataListener to listen to
user data in Java stream header. See subclause 5.6.

void removeUserDatalListener(UserDataListener listener) - deregisters a UserDataListener.-Ség
subclause 5.6.

Object getCapability(String capability) - retrieves a static capability. See subclause 0.

DynamicCapabilityManager getDynamicCapabilityManager() - enables access’ to dynamig
capabilities. See subclause 0.

Renderer getRenderer() returns the current Renderer. See subclause 5.3.4¢on"Using renderers.

ResourceManager
ceManager interface defines the following methods:

Player createPlayer(String locator) - creates a Player ffom”a locator, which takes the form of 3
Uniform Resource Identifier [14] i.e. a string of the form\<protocol>://<protocol-specific-part> fo
example: http://server.com/movie.mp4. To access a media from an object descriptor, the synta
“od://<od_id>" is used with <od_id> replaced by.theé appropriate object descriptor identifier. RTH
locators are defined by RFC 1889 [13].

Player createPlayer(DataSource source) -¢creates a Player for a DataSource.

Player createPlayer(InputStream stréam, String content_type) - creates a Player to playback 3
media from an InputStream given its.€conhtent-type.

String[] getSupportedProtocols(String content_type) - returns the list of protocols supported for 3
content type.

String[] getSupportedContentTypes(String protocol) - returns the list of supported content types
for the given protocehsuch as file, HTTP, RTP. Content-types follow MIME types syntax (RFC 2045
[13], RFC 2046 (16]). Registered MIME media types are administered by the Internet Assigned
Numbers Authority (IANA) at http://www.iana.org/assignments/media-types/.

TimeBase)getSystemTimeBase() - returns the system time-base, which is a continuously ticking
source“of*time in the system.

RecordStore getRecordStore() - returns RecordStore object.

Renderer createRenderer(String name) - creates a Renderer given its fully qualified class name.
See subclause 5.3.4.

following attributes to help refer to renderers mentioned in this specification:
GLRENDERER = "org.iso.mpeg.mpegj.renderer.GLRenderer"

M3GRENDERER = "org.iso.mpeg.mpegj.renderer. M3GRenderer"

© ISO/IEC 2006 — All rights reserved
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5.3.3.3 MPEGResourceManager

MPEGResourceManager interface enables access to MPEG-4 systems specific information. See subclause

5.3.7 for more information about systems API.

NOTE this APl is identical to ResourceManager class defined in ISO/IEC 14496-11.

e MPDecoder[] getAvailableDecoder(DecoderType type) — returns the list of available decoders in

the terminal for a decoder type.

e void changeDecoder(MPDecoder dec, ES_Descriptor esd, ObjectDescriptor od) — ¢hd
decoder associated to an ES_Descriptor and an ObjectDecriptor. Note that the MPDecoder
of the same type as the already attached decoder (e.g. an audio decoder cannot be replad
video decoder).

o MPDecoder getDecoder(ES_Descriptor esd, ObjectDescriptor od) — returns the MP
associated with an ES_descriptor and ObjectDescriptor.

e int getDecPriority(MPDecoder dec) — returns the priority of a MPDecoder.

o void setDecPriority(MPDecoder dec, int priority) — setsthe’ priority of a MPDecode
specified priority.

6.3.4 Renderer design

5.3.4.1 Creating renderers

specification defines two interfaces, for Java “Bindings to OpenGL ES (GLRenderer) an
M3GRenderer), which enable access to the graphic context of these specifications, as shown in R
The rendererName argument is the same.ame used in the application descriptor's Renderer-(
subclause 5.7 and in the Terminal-Renderers property in subclause 5.8. The following renderer na
Hefined for OpenGL ES and M3G:

e org.iso.mpeg.mpegj.gfx.M3GRenderer for M3G renderer

e org.iso.mpeg.mpegj.gfx.GLRenderer for OpenGL ES renderer

b RendererException;

ndicate which<{rénderer it uses using the application descriptor (see subclause 5.7).

NOTE Renderers recommended by this specification are typically heavyweight components for performance
However; this specification doesn't preclude usage of lightweight renderers (e.g. pure Java ones).

nge the
must be
ed by a

Decoder

to the

The Renderer interface is available via ResourceManager.createRenderer(String rendererNamle). This

d M3G
igure 6.
Class in
mes are

f a named renderer isrnot available in the terminal, the ResourceManager.createRenderer() method throws

Any other rendérer can extend Renderer interface to provide access to its graphic context. An applicdtion can

reasons.
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«interface»
resource::ResourceManagerBase

addUserDatalListener(listener :UserDataListener) : void GO ED?

getCapability(capability :String) : Object [T T T T T T T T T access T By Renderer
getDecoder(stream :ElementaryStream) : DecoderBase

getDynamicCapabilityManager() : DynamicCapabilityManager
getRenderer() : Renderer L =
removeUserDatalistener(listener :UserDatalListener) : void

A

+ dispose() : void

+ o+ o+ o+ o+

«interface»
resource::ResourceManager
+ GL_|RENDERER: String = "org.iso.mpeg.m...

+ M3$ _RENDERER: String = "org.iso.mpeg.m... «interface» «interface»
GLRenderer M3GRenderer
credtePlayer(locator :String) : Player + getEGL(): EGL + getGraphics3D(# Graphics3D
credtePlayer(source :DataSource) : Player + getGL(): GL

credtePlayer(stream :InputStream, type :String) : Player
credteRenderer(rendererClassName :String) : Renderer
getiRecordStore() : RecordStore
getPupportedContentTypes(protocol :String) : String[]
getPupportedProtocols(content_type :String) : String[]
getPystemTimeBase() : TimeBase

+ + + + + + + +

Figure 6 — Renderers class diagram.

5.3.4.2 [Using renderers

An MREGIet application uses one renderer attached to a display. If the application callg
ResourceManager.createRenderer() more than one time, the terminal does not create new renderers and i
returns the renderer created the first time.

An MPHGIet application may use one renderer pét-display at a time. In order to switch to another renderer fo
the sanje display, the terminal must terminate"the current renderer, which is only possible if there is ng
referenge to it or if it is disposed of (see subclause 5.3.4.3).

In ISO/|[EC 14496-11, a BIFS compositor is created when the terminal receives a BIFS stream. This
composijtor is optimized for a specific)internal renderer. In ISO/IEC 14496-11, an MPEGIet application canno
access the renderer but it can send’and receive events from the compositor.

In this specification, ISO/IEC14496-11 model is extended for MPEGIet applications to provide their own BIFS
composjtor and/or renderérs. The terminal receives a stream of BIFS commands and apply them onto 3
Scene gbject.

When gn MPEGlIet calls ResourceManager.createRenderer() successfully on a terminal that is alread)
receiving a BIES stream as specified in ISO/IEC 14496-11, the terminal hands over the control of rendering tg
the MPHEGIét, No internal update to rendering is done from this point onwards by the terminal. The applicatior]
is expegted’to handle rendering from that point. If the application releases its renderer and BIFS stream is stil
being received, then no rendering happens.

When the MPEGIet uses terminal's internal compositor and renderer the behaviour of the application is similar
to ISO/IEC 14496-11 MPEGIlets and the scene controller mechanism may be used for frame-by-frame scene
modifications.

5.3.4.3 Disposing of renderers
A renderer is typically composed of a lightweight Java interface to native resources. These resources must be

disposed of correctly before switching to another renderer or terminating an application. This cleanup can
occur implicitly or explicitly:

10 © ISO/IEC 2006 — All rights reserved
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— Implicit renderer disposal — the Java renderer is garbage collected by the Java Virtual Machine's garbage

collector, which in turn releases the native resources.

— Explicit renderer disposal — Renderer.dispose() is called, thereby forcing disposal of all native resources.
After this call, the Java renderer object may not be garbage collected yet but calls to this renderer will

produce a RuntimeException.

5.3.5 Media API

The media APT is modelled after JSR-135 Mobile Media APT (MMAPT). By supporting MMAPT, ]
Advanced Multimedia Supplements APl (AMMS) and other APIs built upon MMAPI may be c@ava
MPEGlets for even richer contents and experience.

WVithin the context of MPEG-4 terminals, the MMAPI encapsulates MPEG-4 Systems objects and
nigh-level controls to interact with such objects. Since MMAPI has been designed with. mobile phones
eatures, this specification proposes the following features to be optional or not supporied as follows:

e Audio-visual capture and encoding are optional

e MIDI and tone support are optional
of Renderers

provides MPEGlet-dependent resource management.

n addition, MMAPI has been enhanced with the following features:
¢ Elementary stream composition buffer access

e Rendering control

Figure 7 and Figure 8 show the APl with the above features.

VideoRendererControl toattach a Renderer and graphical resources to a Player, StreamCon

btream.

SR-234
lable to

provides
specific

e GUIControl and its derivative VideoControl are not supported because they may conflict with usage

o MMAPI's Manager factory class is supported and itS’methods are copied to ResourceManager that

Controls defined in JSR-135 are reused except those for video rendering that have been replaced [by GFX

trol for

pccessing elementary streams output, and DecoderControl to control a decoder attached to an elementary

© ISO/IEC 2006 — Al rights reserved
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«interface»
media::Control

«access»

«interface»

control::VideoRendererControl

< ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

«interface»
media::C

+  getControl(control Type :String) : Control
+ getControls() : Control[]

i

«interface»
control::StreamControl

+  bindTexture(name :int)

: void

+ setRenderer(renderer :Renderer) :

+ getDecoders() : DecoderBase[]

AN

DecoderBase exposes

not accessible from oth

DecoderControl. DecoderControl is

robjects.

void For MPEG-4 contents,

getConter Jretumsa

. MPEG MIME type (e.g. audio/mpeg,

| «access» video/mpeg) and getldentifier()

N retumsan ES_id.

«interface» \ >
decoder::DecoderControl «interface» QALK
DecoderBase protocol::ElementaryStream

+ isPauseable() : boolean

«access»

+ attach(stream :ElementaryStream) : void

y 1) : Y

+ pause():void [ =_""777 |

+  resume() : void 01 + detach() : void
+ start() : void +

+ stop() : void

getDuration()
getidentifier()

«interface»

i

decoder::DecoderType

Figuré¢ 9 — Elementary stream information access. Classes in blue are defined in this specification,
classes in orange are defined in MMAPI, classes in green are MPEG-4 specific.

5.3.5.1

T
.

+

.

+

.

+

+ 4

+ 4F:

+ MPEGAFS: int= 12
+ MPEGAM: int=10
+ MPEG4S: int=5
+ MPEG4SA: int= 16
+ MPEGAT: int=8
+ MPEGATS: int=9
+ MPEGATT: int=15
+ MPEG4V: int=6
+ MPEG4VS: int=7

+

getDecoderType() : int|

‘T

l

getContentDescriptor() : ContentDescriptor

:long
: String

getStartTime() : long

«interface»

«interface»
Bufferinfo

«accessy

Decoder

«interface»

+ getESDescriptor() : ES_Descriptor
+ getinstance() : int
+ getVendor() : String

<

i

«interface»
SceneBufferinfo

«interface»
BufferDatalnfo

nio::Buffer

+ getScene() : Sceng

+ getBuffer() : Buffer

i

nio::By teBuffer

i

VideoBlffer
AudioBuffer

+ ORIENTATION BOTITOM_LEFT: int=4
+ getAvgBytesPerSec() : int + ORIENTATION_BOT|TOM_RIGHT: int=3
+ getBitsPerSample(): int + ORIENTATION_LEF|_BOTTOM: int=8
+ getBlockAlign() : int + ORIENTATION LEFT TOP: int=5
+ getNumberOfChannels() : int + ORIENTATION_RIGHT BOTTOM: int=7
+ getSamplesPerSec() : int + ORIENTATION RIGHT TOP: int=6

+ ORIENTATION_TOF| LEFT: int=1

+ ORIENTATION TOP| RIGHT: int=2

+ getFormat() : int

+ getHeight() : int

+ getOrientation() : int

+ getWidth() : int

VideoRendererControt

The VideoRendererControl interface enables a video Renderer to be attached to a Player and to assign a
name to the video stream output of this Player:

void setRenderer(Renderer renderer) — attaches a Renderer to this Player.

void bindTexture(int name) — assigns a name to the video output of this Player. For OpenGL ES

Renderer, it is the GL texture name obtained by, for example, glGetTextures(). For M3G, it could be the
userld of a Texture2D object (this requires the application to ensure desired texture has correct id).

14
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5.3.5.2 StreamControl

The StreamControl interface enables access to the list of DecoderBase and there is one DecoderBase per
stream.

— DecoderBase[] getDecoders()- returns the list of decoders used by this Player or null if no decoder has
been created.

5.3.5.3 Decoder

WVith the Decoder interface, a decoder object can expose the Bufferinfo that provides informationtapout the
composition data of an elementary stream:

1+— Bufferinfo getBufferinfo() — returns the composition buffer of this decoder
5.3.5.4 SceneBufferinfo

For BIFS streams, a SceneBufferinfo interface extends Bufferinfo and enables access to the BIFE scene
ia ISO/IEC 14496-11 Scene API:

1+— Scene getScene()- returns the BIFS scene
5.3.5.5 BufferDatalnfo

The BufferDatalnfo interface allows access to native compOsition data for elementary streams thaf enable
his feature:

1+— getBuffer() returns a GLBuffer object that is a:Wrapper around a native memory area

NOTE GLBuffer is defined in JSR-239 Java Bindings to OpenGL ES package
avax.microedition.opengl_es.buffer. GLBuffer-and derived classes are generic native memory wrappers not specific to
DpenGL ES.

5.3.5.6 VideoBuffer
For image or video data, getBuffer() returns a VideoBuffer that has the following methods:

1+— int getFormat() returns the format of the texture image data following GL conventipns for
glTexlmage2D(). Table 1 summarizes the texture formats defined in OpenGL ES.

Table 1 — GL texture formats

Format Number of components per pixel

GL ALPHA 1
GL RGB 3
GL RGBA 4
GL_ LUMINANCE 1
GL LUMINANCE ALPHA 2
NOTE Conversion from decoded video format (typically YUV) to the format of the renderers texture object is as

specified by the renderer.
— int getWidth() and int getHeight() return the dimensions of the texture image

— int getOrientation() returns the orientation of the camera that took the image relative to the scene. The
relation of the '0th row' and '0th column' to visual position is shown as below. Note that the numbering
follows EXIF standard [17]:

© ISO/IEC 2006 — Al rights reserved 15
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Table 2 — Image orientation.

Value 0" row 0" column | example
1 Top Left F
2 Top Right
3 Bottom Right
4 Bottom Left
5 Left Top
6 Right Top
7 Right Bottom
8 Left Bottom
NOTE M3G Image2D class is extended to support VideoBuffers as follows. The constructor Image2D(int format
Object ifnage) is extended to support Object to be@,VideoBuffer.
5.3.5.7 |AudioBuffer
For aud|o data, getBuffer() returns‘an AudioBuffer that has the following methods:
— int|(getNumberOfChannels() — returns the number of audio channels (1 for mono, 2 for stereo, and sq
on)
— intgetSamplesPerSec() — returns the number of samples per second.
— intlgetAvgBytesPerSec() — returns the average number of bytes per second.
— intgetBitsPerSample() — returns the number of bits per sample.
— int

blockAlign = getNumberOfChannels() x getBitsPerSample() / 8.

AudioBuffer allows an MPEGIet application to perform some signal processing operations on the PCM data output from
an audio decoder.

NOTE 1 Some terminals may allow compressed audio data to be sent to external audio processors. If AudioBuffer is
exposed, the terminal must provide decompressed (PCM) data to the application.

NOTE 2 Data contained in AudioBuffer's buffer is intended for visual processing by the application. The possibly
modified buffer should not be sent to speakers.

16 © ISO/IEC 2006 — All rights reserved
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5.3.6 Terminal capability API

The terminal capability APl enables an application to retrieve static properties of a terminal (e.g. CPU type,
Operating System and so on) and dynamic properties (e.g. CPU load, network load, and so on). The terminal
capability API provides the same features as ISO/IEC 14496-11 terminal capability API in a more concise and
extensible manner. Figure 10 provides a static view of the interfaces and methods of this API:

— ResourceManagerBase interface provides the methods

— DynamicCapabilityManager getDynamicCapabilityManager() provides access to(the fynamic
capability manager.

1+— DynamicCapabilityManager
— void addDynamicCapabilityObserver(String capability, long threshold,
DynamicCapabilityObserver obs) registers a DynamicCapabilityObserver obs to obgerve a

dynamic capability. The DynamicCapabilityObserver will be notifieddf the value of the capability goes
over the threshold.

— void removeDynamicCapabilityObserver(String capability,” DynamicCapabilityObservier obs)
de-registers a DynamicCapabilityObserver obs from observing a capability.

— void deleteObserver(DynamicCapabilityObserver obs) removes a DynamicCapabilityQbserver
obs from observing all capabilities it was registered to observe.

+— DynamicCapabilityObserver

— void update(String capability, long value) is called when a dynamic capability observed by this
DynamicCapabilityObserver has reached a value above the threshold it was registered for.

«interface» «interface»
ResourceManagerBase DynamicCapabilityManager

{abstract} {abstract}
+ getDecoder(stream :ElementaryStream) : DecoderBase «access» + addDynamicCapabilityObserver(cap :String, threshold :long, obs :DynamicCapabilityObserver) : void
+ addUserDatal istener(listener :UserDatalListéner): Void + removeDynamicCapabilityObserver(cap :String, obs :DynamicCapabilityObserver) : void
+ removeUserDataListener(listener :UserDatalL Isteher) : void + deleteObserver(obs :DynamicCapabilityObserver) : void
+ getCapability(capability :String) : Object .
+ getDynamicCapabilityManager() : DyfiamicCapabilityManager \
+ getRenderer() : Renderer «céll»

Y

«interface»

DynamicCapabilityObserver
{abstract}

+ update(capability :String, value :long) : vois

Figure 10 — Capabilities API

The following static capabilities and return values are defined in Table 3. Any other capability name returns a
null object.

© ISO/IEC 2006 — Al rights reserved 17
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Dynamig¢ properties evolve over time. An application can register itself as an observer of a,.dynamic property
and it will be notified whenever the property reaches a threshold. Any other capability ‘will not register ar
observef and hence no notification will happen.

Table 3 — Static capabilities

Static capability Return value Example of value
cpu.speed Integer 3000
cpu.type String Pentium
cpu.architecture String x86
cpu.num Integer 1
mpeg4.profile.audio String
mpeg4.profile.graphics String

| mpeg4.profile.mpeg;j String
rmpeg4.profile.od String
rmpeg4.profile.scene String
rhpeg4.profile.visual String
gcreen.dimension int[2] {800,600}

Table 4 — Dynamic capabilities

Dynammic capability Return value Example of value
applicgtion.memory.free long
applicption.memory.total long
network.load long
terminal.memory.free long
termirjal. memory.total long
terminal.load long

The semantic of the capabilities defined in this specification is as follows:

18

cpu.speed — speed in Hertz of the CPU, usgd in the terminal

cpu.type — the type of CPU in the terminal

cpy.architecture — the architecture of the CPU in this terminal

cpy.num — the number,6f.CPUs in this terminal

screen.dimension=an array of 2 integers for the maximal width and height of the screen.

mpeg4.profile XXXX — the maximum profile and level supported by this terminal. The valid names arg
deflned in ISO/IEC 14496-1.

ap;flication.memory.free — the number of bytes of free memory available to an application

application.memory.total — the total number of bytes of memory available to an application
terminal.memory.free — the number of bytes of free memory available in the terminal
terminal. memory.total — the total number of bytes of memory available in the terminal
network.load — the percentage of bandwidth used

terminal.load — the percentage of CPU used

© ISO/IEC 2006 — All rights reserved
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On terminals implementing ISO/IEC 14496 Systems, MPEG-J enables access to MPEG-4 specific objects
with packages org.iso.mpeg.mpegj.systems, org.iso.mpeg.mpegj.decoder, org.iso.mpeg.mpegj.scene,
and org.iso.mpeg.mpegj.net.

The org.iso.mpeg.mpegj.systems package provides access to MPEG-4 Systems features, namely
MPEG4Context that is more a detailed TerminalContext (see subclause 5.3.2 for specification of terminal
contexts), which provides access to object descriptors. Figure 11 depicts this API. The descriptor interfaces

TerminalContext

«interface»
MPEG4Context

{abstract}

+ o+ o+ o+

getlnitOD() : ObjectDescriptor

getODs() : Vector

getSceneManager() : SceneManager
getNetworkManager() : NetworkManager

T
«access»

*

«interface»
ObjectDescriptor

{abstract}

+ 4+ o+ o+

getObjectDescriptorlD() : long
getES_Descriptors() : Vector

getES_Descriptor(es_id :long) :

getURL() : String

re ||nr\hnngnd from ISQ/EC 14496-11 and their semantics are ||nr‘hsmgnrl

«use»

ES_Descriptor

SO/IEC

Figure 11 — org.iso.mpeg.mpegj.systems provides access to MPEG-4 Systems features

14496-11
brg.iso.mpeg.mpegj.net packages_which are reused unchanged in this specification. The decoder
has been augmented in this specification with DecoderControl interface, and MPDecoder interface h
modified to fit the new architecture, as depicted in Figure 12.

defines

«interface»
DecoderConfigDes

Eriptor
{abstract}

«interface» s\\'
ES_Descriptor O
{abstract}
2| + getES_ID() : long Q\
+ isStreamDependent() : bool@ «use» 0.1
+ getdependsOn_ES_ID() ;int
+ getStreamPriority() : int \
. siglo

r() : DecoderConfigDescriptor

getDecoderConfigDek

org.iso.mpeg.mpegj.scene,

+ o+ o+ o+ o+

getStreamType() : i
getavgBitRate() : in
getBuffersizeDB() :
getmaxBitrate() : inf]
getObjectTypelindic;

t

nt

tion() : int

org.iso.mpeg.mpegj.decoder,

hackage
as been

+ getBufferinfo() : Bufferinfo

+ getinstance() : int
+ getVendor() : String
+ getESDescriptor() : ES_Descriptor

Figure 12 — org.iso.mpeg.mpegj.decoder package overview

(decoder specific exceptions not shown)
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Controllable A
: «interface»
«interface» DecoderControl MPEGJException
DecoderBase «access» {abstract} MediaDecoderException
{abstract} -
+ attach -El 9 < el 0.1 : z:zgg ) zg:g + MediaDecoderException()
( : Y : : : i -Stri
+ detach() : void o EEEE) < vt + MediaDecoderException(s :String)
+ getEl S| ) : E y + resume() : void
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«interface» DecoderType
Decoder «interface»
{abstract} MPDecoder
{abstract}
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5.3.8 Persistent storage (record store)

ResourceManager provides access to the RecordStore object (see subclause 5.3.2), which implements a
generic persistent storage mechanism. A generic persistent storage mechanism is necessary for the
applications targeted by this specification, for example to save applications’ state, game score, and so on.

The Mobile Information Device Profile (MIDP) [6] provides the Record Management System (RMS) in the
javax.microedition.rms package. A record store consists of a collection of records which will remain
persistent across multiple invocations of the MPEGIet. RMS records consist of byte arrays.

An appljcation can store any kind of information including elementary streams of a content. Stored contentg
can be played back from the store by creating a Player from an InputStream encapsulating a stored content.

5.4 Dynamic view

This subclause of the document defines the behaviour of applications: the MPEGlet istates and thei
managgment by the terminal or the application.

5.4.1 PEGIlet states
An MPHGlIet has five states:

e |Loaded: The MPEGIet is loaded from local storage or network and its no argument constructor is
called. It can enter the Initialized state if the MPEGIet.init() method is called.

o |Initialized: The MPEGIet is initialized and ready to be active. It can enter the Running state after thg
IMPEGIet.run() is called.

e |Running: The MPEGIet is running normally. It can enter the destroyed state if MPEGIet.destroy(
method is called. It may also return to the Paused state if MPEGlet.pause() method is called. It may
enter the Initialized state if MPEGlet.stop() is\called.

e |Paused: The MPEGIet is paused. It cah.enter the Running state after the MPEGIet.run() is called. |
can enter the Initialized state if MPEGIet.stop() is called. When entering Paused state, applications
are expected to release all shared resources and to save the data necessary to resume later in g
state identical to that when pause-was entered.

e |Destroyed: This is the(terminal state. Once it's entered, it cannot return to other states. All its
resources are subjectto,be claimed.

In addition, for example Ghould an error occurs, the terminal may move the application into the Destroyed
state frdgm whatever stateithe application is already in.
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Initial

Loaded Initialized run() Running
init(MPEGIletContext)
J stop()
; stop()

mn()/

pause()

Paused

destroy() destroy() destroy()

destroy()

Destroyed

Figure 13 — GFX MPEGIet behaviour.

5.4.2 MPEGIet requests to the terminal

The previous subclause is used by the terminal to communicate to an MPEGIet application that it w
MPEGIet to change state. If an MPEGIlet*wants to change its own state, it can use the MPEGletC
request methods. The sequence of these operations for requesting state change to Paused, or Runnin
s depicted in Figure 14.

hich in turn notify the terminal. In return, the terminal calls MPEGIet.pause() or MPEGIet.run() respe

ants the
pntext's
g states

The MPEGIet calls its MPEGletContext.requestPause() or MPEGIletContext.requestResume() methods,

ctively.

© ISO/IEC 2006 — All rights reserved
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«interface» «interface»
MPEGlet MPEGIetContext

Terminal

requestPause()

notify MPEGIlet wants to pause

I pauseOl . J_I

Figure 14 — Behaviour of MPEGIletContext state changetrequest methods.

5.4.3 Player states

The player states and transitions are defined by MMAPI. This'is summarized below and in Figure 15.

UNREALIZED State

A Player starts in the UNREALIZED state. An unrealized Player does not have enough information to acquirg
all the rg¢sources it needs to function.

The follpwing methods must not be used.when the Player is in the UNREALIZED state.
e |getContentType ()
o |setTimeBase ()
e |getTimeBase()
o |setMediaTime ()

e |getControls()

e getControl()
An IllegalStateException will be thrown.
The realize() method transitions the Player from the UNREALIZED state to the REALIZED state.

REALIZED State

A Player is in the REALIZED state when it has obtained the information required to acquire the media
resources. Realizing a Player can be a resource and time consuming process. The Player may have to
communicate with a server, read a file, or interact with a set of objects.
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Although a realized Player does not have to acquire any resources, it is likely to have acquired all of the
resources it needs except those that imply exclusive use of a scarce system resource, such as an audio

device.

Normally, a Player moves from the UNREALIZED state to the REALIZED state. After realize() has been
invoked on a Player, the only way it can return to the UNREALIZED state is if deallocate() is invoked before
realize() is completed. Once a Player reaches the REALIZED state, it never returns to the UNREALIZED

state. It remains in one of four states: REALIZED, PREFETCHED, STARTED or CLOSED.

PREEETCHED State

started. For example, it may need to acquire scarce or exclusive resources, fill buffers with‘media
berform other start-up processing. Calling prefetch() on the Player carries out these tasks,

Player to the minimum possible value.
Vhen a started Player stops, it returns to the PREFETCHED state.

STARTED State

means the Player is running and processing data. A Player returns.to the PREFETCHED state when
because the stop() method was invoked, it has reached the end\of the media, or its stop time.

When the Player moves from the PREFETCHED to the STARTED state, it posts a STARTED event.
ETOPPED AT TIME event depending on the reason it stopped.

he following methods must not be used when the Player is in the STARTED state:

e setTimeBase ()

e setLoopCount()

An T1legalStateExceptienwill be thrown.

CLOSED state

Df its resources and’must not be used again.

Dnce realized, a Player may still need to perform a number of time-consuming tasks before it is\reafy to be

data, or

Dnce a Player is in the PREFETCHED state, it may be started. Prefetching reducesthe’startup latehcy of a

Dnce prefetched, a Player can enter the STARTED state by calling the start method. A STARTEL Player

it stops,

\When it

moves from the STARTED state to the PREFETCHED state, it posts a STOPPED, END OF MEDIA or

Calling close on thelPlayer puts it in the CLOSED state. In the CLOSED state, the Player has released most

© ISO/IEC 2006 — All rights reserved
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Initial

i / N\ startf
UNREALIZED realize() REALIZED prefetch() PREFETCHED () STARTED
deallocate() deallocate() stop()

close() close() close(/

Figure 15 — Player states

5.5 Cpnsiderations

The design of this specification favoured non exposure of native handles to region in memory, termina
window] graphic context, and so on, for security reasons.

This spgcification does not restrict image dimensions and orientation as some rendering APIs do.

Per the |OpenGL ES and M3G specifications, only one MPEGIet at a time can access the rendering context
Therefofe, special care must be taken in a multithreaded environment such as multiple MPEGlIets running in
parallel,| or an MPEGIet spawning multiple threads, ortan MPEGIet listening to AWT events (e.g. mouse
events, [keyboard events and so on). In those casesy;‘@one must use proper synchronization mechanisms tq
protect $hared information among threads including.the Renderer.

Even ifIMMAPI's Manager class is available in a MMAPI compliant terminal, applications should not cal
Manager directly but instead use ResourceManager that provides MPEGlet-dependent resource
managgment.

5.6 plication-specific data'in MPEG-J stream

As Graphics applications can,define their own scene representation and logic, a dedicated format may bg
used to|carry application §pecific data. This is supported by enabling the MPEG-J elementary stream to carry
private fata similar to<audio and video elementary streams. By making it part of the MPEG-J elementary
stream the timing model' in MPEG-4 Systems can be used for synchronization with other elementary streams.

As this $pecification allows usage of any rendering API, downloaded applications may not be able to run on §
terminal that 'doesn't support the rendering API the application needs. A Java Application Descriptor can bg

sent to the terminal before it loads the application. If application's necessary resources are not available, the
terminalbaill-notload-the gpplir\nﬁnn

5.6.1 Java stream header extensions

Subclause 11.4.3.2 of ISO/IEC 14496-11 defines the Java stream semantic and the Java stream header. In
this document, we update them with the fields in bold in Listing 1. The changes are backward compatible with
ISO/IEC 14496-11.

e If hasUserData = 1, the UserData class contains an array of bytes and is passed to the application in
the Buffer interface
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If hasApplicationDescriptor = 1, the application descriptor is provided as a null-terminated String.
The application descriptor is similar to a Jar's manifest file. It contains specific key-value pairs that
indicates the framework specific resources (in particular graphics) the application needs. If the

terminal doesn't support such resources, it can skip loading further data from the stream.

e for this specification, version = 0x2 in hexadecimal

Listing 1 — Java stream header

ligned(32) class JavaStreamHeader {

bit(2) version;

bit(1) isClassFlag;

bit(13) numReqClasses;

bit(1) isPackaged ;

bit(3) compressionScheme;

bit(1) hasUserData;

bit(1) hasApplicationDescriptor;
bit(10) reserved;

JavaClassID classID;

JavaClassID reqClassID[numReqClasses];

if(hasUserData)
UserData userData;
if(hasApplicationDescriptor)
String appDescriptor;

aligned(32) class UserData
i

L

i

b.6.2 MPEGIet access to JavaStreamHeader user data

An MPEGIet may register to the ResourceManager as a UserDataListener. The MPEGIet will be
pbout access units of UserData whenever received and the system notifies the MPEGIet with a by
hat contains user data; the MREGIlet is responsible for decoding such information.

notified
te array

Runnable

«realize» .
«realize»

«interfacep «interface» .
i «interface»
ResourceManhagerBase UserDataListener MPEGlet
{abstract} {abstract} {abstract}
+ getDecoder(str.earn :EIgnentaryStrearrp : QecoderBasg «use» + userDataUpdate (buffer :byte[]) : void + init(ctx :MPEGletContext) :Jvoid
+ addUserDatalistengilistener :UserDatalistener) : void L
/ . . . + pause() : void
+ removeUserDatalstenéf(listener :UserDataListener) : void oo
+ getProperty(capability :String) : Object @ Slla)s vt . .
+ getDynamig€apébilityManager() : DynamicCapabilityManager A © cheimylmeaitiieiny 45ag e s v
+ getRenderer() } Renderer A

A_MPEGlet

init(ctx :MPEGIetContext) : void

run() : void

userDataUpdate(buffer :byte[]) : void
pause() : void

stop() : void

destroy(unconditional :boolean) : void

+ o+ + o+ o+ o+

Figure 16 — Example: usage of UserDataListener interface to access JavaStreamHeader user data.
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The methods to access Java stream header user data is as follows:

— In ResourceManager

addUserDatalListener(UserDataListener listener) — registers a UserDataListener to receive user
data from Java stream.

removeUserDatal istener(UserDatalListener listener) — removes a UserDataListener from
receiving user data from Java stream

— In\

NOTE

57 A

An appl
under th
class in
contains

Such affributes can be read by MPEGlets using the method MPEGIetContext.getProperty(key). Listing 2

shows 4

MPEG1¢
MPEG1¢
MPEG1ld
MPEG1l¢
MPEG1¢
MPEG1¢
Render
Render
Render

Require

JserDatalListener

userDataUpdate(byte[] buffer) provides MPEGIet with the payload of the JavaStreamHeadef use
data.

MPEGlets should not take too long in userDataUpdate() as they may risk blocking systems\processing.

pplication descriptor

cation can carry descriptive information about itself in the manifest file that\is contained in its JAR filg
e name of META-INF/MANIFEST.MF. This text file can also be streamed in the JavaStreamHeade
the previous subclause. The application descriptor follows the JAR“Manifest specification [8] ang
various attributes in the form <attribute-name> : <attribute-value>.

n example of application descriptor.

Listing 2 - An Example Of a Java Application Descriptor (JAD) File

t-Class: com.mycompany.MyMPEGlet

t-Name: My super duper application

t-Version: 1.2.3

t-Vendor: MyCompany Inc.

t-URL: http://www.mycompany.Com/mpeglets/mympeglet.jar
t-Jar-Size: 1234

er-Class: com.mycompany.renderer

er-Version: 1.0

er-URI: http://www.mygompany.com/mpeglets/myrenderer.jar

d attributes:
MPEGlet-Class.”Specifies the fully qualified name of the application.

MPEGIet-Version. The MPEGlet version.

MPEGIet-Vendor. The MPEGIet vendor.

[ ]
Optiona
°

26

MPEGIet-URL. The URL from where the application can be downloaded.
Renderer-Class. Specific the name of the class that implements Renderer interface.
| attributes:

MPEGIet-Name. The friendly name of the application that is displayed to the user.

MPEGlIet-Jar-Size. The size of the JAR file.
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MPEGlet-Description. A brief description of the application for the user

MPEGlet-Icon. An icon that will be associated with the application (if terminal supports it). PNG file
format is used.

Renderer-Version. Version of the renderer. This is a number in the form major [. minor [. build ] ].
For example 1.2.0. If minor or build is not specified, this means, respectively, the latest minor version
of the specified major version of the renderer, or the latest build version of the specified major.minor
version. For example, if Renderer-Version = 1 and the player has Renderer 1.2 and 1.5, it shall use

H 4 L
VCTSTUTT T.U°

A\pplication specific attributes:

.8 Terminal properties

A\s for
MPEGIetContext.getProperty(String key) where key is one of the followings:

5.9 Examples (informative)

5.9.1

Using Java bindings to OpenGL ES

Renderer-URI. Universal Resource Identifier (URI) for the renderer.

Any attributes others than those listed in this subclause can be used to configure the application.

application-specific properties, terminal properties can (be " retrieved by calling| String

Terminal-Renderers. Returns a space-separated list of,-renderers supported by the terminall Calling
MPEGIetContext.getProperty() with a renderer name @as'the parameter return the version nymber of
that renderer.

he following example shows how to use the GFX MPEGIet API with JSR-239 Java bindings to OpepGL ES.
his example displays a multi-colored cube:

Figure 17 — Output of MPEGIetTest.

public abstract class MPEGletTest implements MPEGlet

{

MPEGletContext _ctx;

ResourceManager _resMgr;

boolean shouldPause, shouldStop;
FloatBuffer vb, cb;

ByteBuffer ib;
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Boolean resized;
Canvas cv;

Int width, height;
GL gl;

EGL eqgl;

float[] cubeVertices =

{
-1.0f£,-1.0£, 1.0 , // O
1.0f,-1.0f, 1.0f , // 1

1./o0f, 1.0f, 1.0f£ , // 2
-1}.0£, 1.0£, 1.0f , // 3
-1).0£,-1.0£,-1.0f , // 4
-1}.0£, 1.0£,-1.0f , // 5
1./0f, 1.0f,-1.0f£ , // 6
1.l0f,-1.0f,-1.0£, // 7
}i

flogt[] cubeColors

1.0£,0.0£,0.0£, 1, // O
o.of,1.0f,0.0£, 1, // 1
o0.of,0.0f,1.0£, 1, // 2
1.0£,1.0£,0.0£, 1, // 3
1.0£,0.0£,1.0£, 1, // 4
0.0f£,1.0£,1.0£, 1, // 5
i.0f,1.0f£,1.0£, 1, // 6
i.0f£,0.0£,0.0£, 1, // 7
}i
bytg cubeIndices[] =
{
o, 1, 2, 3, // Quad 0
a,/5, 6, 7, // Quad 1
5! 3! 2r 6, // Quad 2
4! 7! lr O, // Quad 3
7,0 6, 2, 1, // Quad 4
4,0 0, 3, 5 // Quad 5

// gwap last 2 indicgs .per quad for a triangle strip
bytg cubelIndicesTriStripl[] =

0, 1, 3, 2,£/)/ Quad O
4, 5, 7, .64~// Quad 1
5, 3, &2, // Quad 2
4, 7,0, 1, // Quad 3
7/ 6/ 1/ 2/ // Quad 4
4! Or 5, 3 // Quad 5

}i

public void init (MPEGletContext ctx) throws MPEGletStateChangeException

{

System.out.println("[" + getName () + "] initialized");

_ctx = ctx;

_resMgr = (ResourceManager) ctx.getTerminalContext ().getResourceManager ();

}

public synchronized void pause()

{
System.out.println("[" + getName () + "] paused");

28
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shouldPause = !shouldPause;
notify();

}

public synchronized void stop ()

{

System.out.println("[" + getName() + "]
shouldStop = true;
notify();

}
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stopped") ;

public void destroy(boolean unconditional)

{
// TODO Auto-generated method stub

}

public void run ()

{

doInit () ;
shouldStop = false;
shouldPause = false;
while (!shouldStop)
{
synchronized (this)
{
while (shouldPause)
{
try
{
wait () ;
}
catch (Exception ex)

{
}

}

// do any prgcessing

doRun () ;
synchrofidzed (this)
{
try
{
wait (1) ;
}
catch (Exception ex)

{

throws MPEGletStateChangeException

}

}

// app is over, let's clean resources
doStop () ;

}
void doInit ()
{

cv=new Canvas|{() ;

© ISO/IEC 2006 — Al rights reserved
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cv.addComponentListener (new ComponentAdapter () {
public void componentResized (ComponentEvent e)
{
resized=true;
width=cv.getWidth () ;
height=cv.getHeight () ;
}
b

((Display) ctx.getDisplay()) .setCurrent(cv); // for MIDP

//|((Frame) ctx.getDisplay()).add(cv); // for non-MIDP

//| init EGL
GIJRenderer renderer=(GLRenderer)

_resMdr.createRenderer (ResourceManager.GL RENDERER) ;

egl = renderer.getEGL();

/* get an EGL display connection */
dilsplay = egl.eglGetDisplay (EGL.EGL DEFAULT DISPLAY) ;

/* initialize the EGL display connection */
int[] major= {0},minor= {0};
eql.eglInitialize(display, major, minor);

/* get an appropriate EGL frame buffer configuration */
int attribute list[] = {

EGL.EGL RED SIZE, 8, // at least 1-bit red

EGL.EGL GREEN SIZE, 8, //

EGL.EGL BLUE SIZE, 8, //

EGL.EGL ALPHA SIZE, EGL.EGL DONT{CARE,
EGL.EGL_DEPTH SIZE, 32, // 16,

EGL.EGL STENCIL SIZE, EGL.EGL-DONT CARE,

EGL.EGL SURFACE TYPE,  EGL.EGL-WINDOW BIT,

EGL.EGL NONE,

}i
E@LConfig configs[] = new EGLGonfig[l];
inft numConfigs([] = { 0 };

egll.eglChooseConfig(dispkay, attribute list, configs, configs.length,

numConfigs) ;

30

/* create an EGL window surface */
drawSurface = egll-¢glCreateWindowSurface (display, confi

/* create an €GL rendering context */

cogntext = egdvTeglCreateContext (display, configs[0], EGL.EGL NO CONTEXT,
null) ;

/* convett the context to the surface */

eqlseglMakeCurrent (display, drawSurface, drawSurface, context);

gs[0], cv, null);

gl = renderer.getGL();

// init our scene

vb=FloatBuffer.allocate (cubeVertices.length);
vb.put (cubeVertices) ;

cb=FloatBuffer.allocate (cubeColors.length);

cb.put (cubeColors) ;

ib=ByteBuffer.allocate (cubeIndicesTriStrip.length);
ib.put (cubeIndicesTriStrip);

gl.glEnableClientState (GL.GL VERTEX ARRAY);
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