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The synchronized delivery of streaming information from source to destination, exploiting different Qo3 as available from
the networl, iz specified in terms of the synchronization layer and a delivery layer containing a two-layer multipl exzer, as

depicted inFigure 2.

The first multiplexing layer is managed according to the DIMIF specification, part 6 of the MPEGE4 standard. (DMIF stands
for Delivery hultimedia Integration Frameworl) This multiplex may be embodied by the MPEG-defined Flexhiuz toal,
which allows grouping of Elementary Streamns (E 32) with a low multiplexing overhead. Iultiplesxing at this layer may be
used, for example, to group ES with similar QoS requirements, reduce the number of network connections or the end to end

delay.

The *Transhuz" ( Transport MWultipl exing) layer in Figure 2 model s the layer that offers transport services matching the

requested Qo3 Only the interface to this laver is specified by MPEG-4 while the concrete mapping of the data packets and
control signaling roust be done in collabomtion with the bodies that have jurisdiction over the respective transport protocol.
Any suitable existing trangport protocol stack such az(RTFWUDPAF, (AALSYWATR, or WMFPEG-2"s Transport Stream owver a
suitable link layer may become a specific Transhux instance, The choice izleft to the end vser/service provider, and allows

WPEG-4 to be used in a wide variety of operation environments.

Flementary Sheams

hed B -

b

Flementary Sheam Interface

3 Hrtie Layer
g SL-Packetized Sream DIF Applicaion Wterface
| |
| Flez:hlux ; | | F'lexMu;{ | | Flexhlux DIIF Layer @
o
e I Flowlfus Sheams I DIMIF Metwork Intsrfacsj
;7 iy H i
: f Imter- (11%5 rﬁ*Er:gz AaL2(|H223||DAE|  TranshduxLayer 3
ATM||PSTH [not specified in MPE

D

N N

Transhduy Sreams

Figure 2 - The MPEG-4 System Layer Wodel

Uze of the Flexllus multiplexing tool is optional and, as shown in Figure 2, this layer may be empty if the underlying
Translviux instance provides all the required fanctionality. The synchronization layer, however, iz always present.

With regard to Figure 2, it is possible to:

= [dentify access units, transport titnestamps and clock reference information and identi fy data loss.
= Optionally interleave data from different elementary streams into Flezhius streams

» Conwey control information to:

» Indicate the required Qo3 for each elementary streamn and Flezlviuzs stream,

Transdlate such Qol requirements into actual networls resources;
» Asgociate elementary strearns to media objects

= Conwey the mapping of elemmentary streams to FlexVluz and Translviuz channels

Parts of the control functionalities are available only in conjunction with a transport control entity like the DIIF frameworls,

1.5 I'nteraction with media objects

202125, 11:42 PM
Google Exhibit No. 1063
Page 1539



Google Exhibit No. 1063
Page 1540



Google Exhibit No. 1063
Page 1541



Google Exhibit No. 1063
Page 1542



Google Exhibit No. 1063
Page 1543



Google Exhibit No. 1063
Page 1544



Google Exhibit No. 1063
Page 1545



Google Exhibit No. 1063
Page 1546



Google Exhibit No. 1063
Page 1547



Google Exhibit No. 1063
Page 1548



Google Exhibit No. 1063
Page 1549



Google Exhibit No. 1063
Page 1550



Google Exhibit No. 1063
Page 1551



MPEC-4 description

19 of 62

httye:/faeb archive. orgfee b/ 20020201 021401 Mttt wnsneschiariglione....

Profile exhibits the sarme or slightly lower quality than can be achieved using Singlelayver coding in Simple Profile.
Furtherrmoreit is evident that the Teraporal Scalability coding in Simple Scalable Profile provides better quality than the
sirmlcast coding in Simple Profile for that condition. {Sirmlcast entails sirmultaneously broadeasting or strearming at roaltiple

hitrates.)

b} CoreProfile (version 1)

The verification test was designed to evaluate the performance of MIPEG-4 wideo Temporal Scalability tool in the Core

Profile.

The test was performed using the "3ingle Stimulus" method. The subjects wereto evaluate howannoying the impairments of
comnpressed sequences were, with and without uze of temporal scalability. The test was conducted using a total of 45 mubjects
intwo different labhoratories and the results showed that the quality of sequences encoded usng MPEG-4 tetrporal scalability
tools are commparable to the quality of sequences encoded without ternporal scalability, Furthermore it is evident that the
Tetnporal Sealability tool m Core Profile provides better quality than the sirulcast coding in Core Profile for that condition.

0.2 Audio

WMPEG-4 audio techniology is composed of many coding tools. Verification tests havwe focused on amall sets of coding tools
that are appropriate in oneapplication arena, and hence can be effectively compared. Since compression is a critical
capability in WMPE G, the verification tests have for the most part compared coding tools operating at sirmilar bit rates. The
results of these tests will be presented progressing from higher bit rate to lower bit mates. The exception to this is the error
robustness tools, whose perfonmance will be noted at the end of this section.

The primary purpose of verification tests iz to report the subjective quality of a coding tool operating ata specified bit rate,
Theaudio tests concerned with very high subjective audio quality report thiz on the ITU-RE B 51116 subjective snpaiment
seale while for lower bitrates the [ITU-R B 5. 1284 guality seele was employed. Both are continious 5-point scales with
subj ective anchors as shown here:

Excellent
Good
Fair
Foor
Bad

Lol [ SS) RN R L0

B 31114 Impairment 3cale

50 S

40 —
3.0 ! a
20 w—=

1.0 &—s—-a

B &.1284 Quality Scale

Irmperceptible

Perceptible but not annowine

Slightly annowing
Annoying

“ery annoying

Please note that it is not meaningfial to compare grades across those scales.

The performance of the warious WIPEG-4 coding tools are summarized in the following table. To better enable the
evaluation of WIPEG-4 technology, several coders from MPEG-1/2 and the ITU-T were included in the tests and their
evaluation has also been included in the table. Inthe table results from the same test are delimited by heawy lines. These
results can be directly compared. Results taken from different tests should not be compared, but nevertheless give an
indication of the expected quality ofa coding tool operating at a specific bit rate.,

Coding tool Mumber of Total bit rate Grading scale Typical subjective
channels t&e gualitg

AAC ) 320 kh/s impaimment 4.6

1995 Backward 5 640 kh/s itnpaitrnent 4.6

Cotrpatible MPEG-2

Layer [T

AAC 2 128 kb/s impaimment 4.5

LA 2 96 khis imnpaimment 4.4
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10.2 DMIF

DMIF (Delivery Multimedia Integration Framework) iz a segsion protocol for the management of multimedia streaming over
generic delivery techmologies. In principleitis similar to FTF. The only {essential | difference is that F TP retums data, DIIF

retumes pointers to where to get (streamed) data

When FTF is run, the very first action it perfonmnes 1= the setup of a segsion with the remote side. Later, files are selected and
FTF gends a request to download them, the FTP peer will retum the files in a separate connection.

Simnilady, when DIWIF iz run, the ey first action it performs 15 the setup of a session with the remote side. Later, streams are
selected and DMIF sends a request to stream thern, the DWIF peer will return the pointers to the connections where the
streams will be streamed, and then alzo establishes the connection themselwes,

Compared to FTE, DMIF is both a framework and a protocal. The functionality provided by DWIF iz expressed by an
interface called DMWIF-Application Interface (DAT, and trandated into protocol messages These protocol messages ray

differ bazed on the network on which they operate,

The Quality of Setviceis also considered in the DIVIF design, and the DAT allows the DIWIF uzer to specify the requirements
for the desired strearn. It is then up to the DMIF implementation to make sure that the requirements are falfilled. The DWIF
specification provides hints on how to perform such tasks on a few network types, such as the Intemet.

TheDdAT 1zalso used for accezsing broadcast material and local fles, this means that a sngle, uniform interfaceis defined to
access mltimedia contents ona multitude of delivery technologies.

Az a consequence, it iz appropriate to state that the integration framesworls of DMWIF covers three rmajor technologies,
interactive network technology, broadeast technology and the disk technology, this 12 shown in the Figure 6 below

DMIF

The multimedia content delivery integration framework

The Broadcast Technology

able,
Satellite,
ete.

The Interactive
Hetworl Technology

The Disk: Technology

D,
DvD,
ete.

Figure 6 - DIWIF addresses the delivery integration of three major technologies

The DIWIF architectureis such that applications that rely on DRMIF for corrmumication do not havwe to be concemed with the
underlying cormmunication method. The implementation of DIIF talkees care of the delivery technology details presenting a
sitnple interface to the application.

Figure 6 represents the above concept. An application accesses data through the DIWIF -Application Interface, irrespective of
whether such data comes from a broadeast source, from local stormage or from a remote server. In all scenarios the Local
Application only interacts through a uniform interface (DAT). Different DMIF instances will then translate the Local
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Application requests into specific messages to be delivered to the Femote Application, taking care of the peculiarities of the
imvolwed delivery technology. Similady, data entering the terrninal (from remote servers, broadeast networles or local files) is
urd forraly delivered to the Local Application through the DAT

Different, spedalized DM instances are indirectly invoked by the Application to manage the various specific delivery
technologies, thizis however transparent to the Application, that only interacts with a dngle “DIIF filter”™. This filterisin
charge of directing the patticular DAT primitive to the right instance. DIIF does not specify this mechanism, just assumes it
is implemented. Thiz iz further emphasized by the shaded bosxes in the figure, whose aimis to clanfy what are the borders of
a DMIF implementation, while the DIIF comrmuni cation architecture defines a munber of modules, actual DMIF

implementations only need to preserve their appearance at thoze borders.

Conceptually, a “real” remote application accessed through a network e g, IP- or ATW-based, izno different than an
emulated remote producer application getting content from a broadcast source or from a disk. In the former case, howewver,
the messages exzchanged between the two entities have to be nomatively defined to ensure interoperability (theseare the
DMIF Signaling messages). Inthe latter caze, on the other hand, the interfaces between the two DWIF peers and the
ernlated Femote Application are internal to a singleimplementation and need not be considered in this specification. Mote
that for the broadcast and local storage scenarios, the figure shows a chain of “Loocal DWIF”, “Femote DRIF (ernulatedy”
and “Eemote Application (emulatedy”. This chatn only representz a conceptual model and need not be reflected in achual
immplementations (it iz shown in the fgure totally intemal to a shaded bosx)

Local DMIF Femnte DMIF| | Remote App. Broadeast
for Broadeast [~ (enmlated) [ (enmlated) 7 souce
Loecal 8
= Local DMIF Remote DMIF| | Remote App. tii
fxy for Local Filest—  (enmlated) | (ernmilated) Shorvigs
App =
s} i
Local DMIF | & e
fox Remote o map
Dl DHI
Sig | ¢ | Femate DMIF Remote
map o  (Real] App
DI D

Flovars betareen independent systems, normative

Flevars internal to specific implementations, out of DMIF scope

Figure 7 - DMIF comtmunication architecture

When considering the Broadcast and Local Storage scenatios, itis assumed that the (ermlated) Remote Application has
knowledge on how the data is delivered/stored. This implies knowledge of the kind of application it is dealing with. Inthe
case of WIPE G-4, this actually means knowledge of concepts like Elemnentary Stream [T, First Object Descriptor,
serviceMatne. Thus, while the DIIF Layer 15 conceptually unaware of the application it 15 providing support to, in the
particular caze of DIVIF instances for Broadoast and Local Storage this assumption 13 not completely true due to the presence
ofthe (erilated) Bemote Application (which, from the Local Application perspective, is still part of the DMIF Layer).

It 1z worth noting that since the (emulated) B emote Application has knowledge on howthe data 15 deliveredfstored, the
specification ofhow data is deliveredfstored iz crucial for such a DMIF implementation, which is thus “MPEG-4 systems

aware” .

When considering the Femote Interactive scenario instead, the DWIF Layer 15 totally application-unaware. An additional
interface -the DIVIF -Metworls Interface (DID- 12 introduced to emphasize what kind of information DIVIF peers need to
exzchange; an additional module (" Bignaling mapping” in the fqure) takees care of mapping the DN prirmtives into signaling
messages used on the specific Metworle Bote that DN primitives are ondy specified for inforrration purposes, and a DT
interface need not be present in an actual implementation, Figure 7 also dleatly represents the DT as internal to the shaded
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box. Instead, the syntax of the messages flowing in the Metwords is fully specified for each specific network supported.

DIF allows the concurrent presence of one or more DIWIF instances, each one targeted for a particular delivery technology,
in order to suppott in the same tenminal multiple delivery technologies and even multiple scenarios (hroadcast, local storage,
remoteinteractive). Multiple delivery technologies may be activated by the same application, that could therefore searnlesdly
tnanage data sent by broadeast networos, local file systerns and refnote intera chive peers

10.2.1 The DMIF o putational Model

When an application requests the activation ofa service, it uses the Service prirmitives ofthe DAT and createsa service
session the DWIF implementation then contacts its corresponding peer (that conceptually can be either a remote peer, ora
local ernulated peer and creates a networds session with it. Networls sessions have networlc-wide signd ficance, serice
segsiong haveinstead local meaning. The association between them is maintained by the DWIF Layer. Inthe caze of
Broadcast and Local Storage scenarios, the way the network session iz created and then managed is out of the scope of this
specification. In the case of a remote interactive scenatio instead, DMIF uzes the native signalling mechanism for that
networls to create and then manage the networl session ez, AT signalling The application peers then use thiz session to
create connections which are used to transport application data e g, MFPE G-4 Elementary Streamns.

When an application needs a Channel, it ugesthe Channel primitives of the DAT, DMIF translates theserequests into
connection requests which are specific to the particular networls implementation. In the case of Broadeast and Local Stormge
scenarios, the way the connectionsare created and then managedis out of the scope of this specification. Inthe caseofa
networleed scenano instead, DWIF uses the native saignalling mechanism for that network to create those connections. The
application then uses these connections to deliver the service.

Criginating DIWIF Target DIIE
App : @
: 3
D ar>

Figure & — DMIF Computational Iadel

Figure & provides a high level wiew of a service activation and of the beginning of data exchange, the high level walk-
through consists of the following steps:

The Originating Application request the activation of a service toits local DIIF Lavyer -- a cornrnun cation path between the
Originating Application and its local DWIF peeris established in the control plane (1)

The Originating DWIF peer establishes a networls session with the Target DMIF peer -- a cormmnication path between the
Originating DI peer and the Target DIIF Peer is established in the control plane (20

The Target DIIF peer identifies the Target Application and forwards the service activation request -- a corntnurdcation path
between the Target DWIF peer and the Target Application iz established inthe control plane (3

Thepeer Applications create channels (requests flowang through commminication paths 1, 2 and 3). The resulting channelz in
the user plane (4% will cany the actual data exchanged by the Applications.

DMIF is involwed inall four steps above,
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1031 Demultiplexing

Dermltiplexing occurs on the delivery layer that is modeled as consisting of a Transhiusz layerand a DMIF layer The
retrieval of incoming data streams from network connections or storage media consists of two tasks. First, the channels must
belocated and opened. This requires a transport control entity that manages, among others, the tables that assodate transport
charmelsto specific elementary strearms. Strearn map tables link each stream to a ChannelAssociationTag that servesasa
handle to the channel that caries this streamn. Resolving Channel & ssociationTags to the actual transport channel as well as
the management of the sessions and channels is addressed by the DLIF part of the WFPEG-4 standard.

Second, the incoming strearns must be propedy dermultiplezed to recover SL-packetized streams from downstream channel s
(incoming at the receiwing terminal) to be passed on to the synchronization layer Ininteractive applications, a corresponding
multiplexing stage will raltiplex upstream data in upstreamn channels {outgoing from the receiving termminaly.

The genenc term * Transhluz Layer” 15 uzed to abstract any undetlying multiplex funchionality — exasting or future — that1s
sitable to transport WPEG 4 data strearmns. Mote that this layer is not defined in the context of MPEG-4. Exarples are
MPEG-2 Transport Stream, H. 2235, AT AAL 2, [PAUDE The Transhhiz Layer isassumned to provide protection and
mltiplexing functionality, indicating that this layer is responsible for offeringa specific Qo3. Protection fanctionality
includes error protection and error detection tools suitable for the given network or storage medivm

Inany concrete application scenano one or more specific Transhux Instances will be used. Each Transvlue derooltipl exer
gives access to Translvluz Channels. The requirements on the data interfaceto access a Transhius Channel are the same for
all Translvlux Instances. They include the need for reliable error detection, delivery, if possible, of erroneous data with a
suitable errorindication and framing of the payload, which rmay consist of either SL-packetized streamns or Flezhiux streamns.
These requiretnents are sutnmanzed in an infonmative way in the TranshJIuz Interface, in the Systems patt of the WPEG-4
Standard. An adaptation of 5L packetized strearmns must be specified to each transport protocol stack of interest according to
theserequirements and in conyunction with the standardization body that has the proper jurisdiction. Thisis happemng for
RTP and maobile channel s at the moment.

TheFlexlvluz tool iz specified by WPEG to optionally provide a flexible, low overhead, low delay method for interleaving
data whenewver thisis not sufficiently supported by the undetying protocol stack It 12 espectally uzefil when the packet size
or overhead ofthe underlying Transiuz instance iz large, o that a waste of bandwa dth or murher of netwotls connections
wiould result otherwise. The Flezlvuz tool is not itself robust to ervors and can either be uzed on Transhiuz Channel s witha
high Qo or to bundle Elementary Strearms that are equally error tolerant. The Flexlviuzs requires reliable error detection and
sufficient framing of Flexdhlux paclets (for random access and error recovery) from the underdying layer. These requirements
are also reflected in the data primitives of the DWIF Application Interface, which defines the data access to individual
transport channels. The Flesdvluz demmiltipleszer retrieves L -packetized streams from Fleshus Streams.

10.3.2 Synchronization and description of elementary streams

. : Decoding | i fledia Ohject Compasition
; DMIF Lppl- | Buffer DE, ™| Decoder __FMemcury CH

i cation Interface

Decoding | | | Composition
Buffer DB, i Media Objec] Memeory CH \

Decoding | || Deeoder, Compositor

Euffer ]::IB3

; Deeoding | | fledia Object | |Cormposition
encapsulates Buffer DB | | | Decoder, Memeay CB

| Demuftiplanar) | jzeoeeeemaeecenes R
e e Blementary, Stream Mferface

Figure 8 - Buffer architecture of the System Decoder Iodel

The sync layer has a mindtmim set oftools for consistency checking, padding, to convey titne base information and to carey
tirme starmped access units of an elementary stream. Each pacleet consists of one access unit or a fra grment of an access undt.
These time stamped access units form the ondy semantic structure of elementary streamns that 12 wizible on this layer. Time
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It order to facilitate the development of authonng, roanipulation and interaction tools, scene descriptions are coded
independently from streams related to primitive media abjects. Special careis devoted to the identi fication of the pararneters
belonging to the scene description. Thiz is done by differentiating parameters that are used to improve the coding efficiency
of an object (e.g., motion wectors in wideo coding algorithms), and the ones that areugsed as modifiers of an object (e g., the
position of the object in the scene). Since MPEG-4 should allow the modification of this latter set of parameters without
having to decode the primitive media objects themselves, these parameters are placed in the scene description and not in
prirmitive media objects.

The following list gives some examples of the information described ina scene description.

How objects are grouped together: An WPEG-4 scene followes a hierarchical struchure, which can be represented asa
directed acyolic graph Fach node ofthe graph is amedia object, as llustrated in Figure 10 (note that this tree refers back to
Figure 1 3 The tree structureis not neceszarily static; node attributes (e.g., positioning parameters) can be changed while
nodes can be added, replaced, or removed.

soetie
person 20 backg'mund furniture audicovisual

presentation

Figure 10 - Logical structure of a scene

How ohjects are positioned in space and time: In the WFEG-4 model, audiovisual objects have both a spatial and a
temnporal extent Fach media object hasa local coordinate system. A local coordinate systemn for an object is onein which the
object has a fixed spatio-ternporal location and scale. The local coordinate system serves as a handle for manipulating the
media object in space and time Media objects are positioned ina scene by specifiing a coordinate transformation from the
ohject’s local coordinate system into a glabal coordinate system defined by one more parent scene description nodes in the
tree.

Attribute Value Selection: Individual media objects and scene description nodes exposea set of parameters to the
composition layer through which part of their behavior can be controlled. Ezamples include the pitch of a sound, the color
for a synthetic object, activation or deactivation of enhancement infonmation for scaleable coding, etc.

Other trarsforis on media objects: Az mentioned abowe, the scene description structure and node sermantics are heavily
influenced by VENL, including its event rodel This provides MPEG-4 with a wery rich set of scene construction aperators,
including graphics primitives that can be used to construct sophisticated scenes.

10.6.1 Advanced BIFS

The version 2 BIFS (Adwvanced BIF3) includes the foll owing new functionalities:

s Advanced sound environment modeling in Interactive virtual scenes, where properties such as room reflections,
reverberation, Doppler effect, and sound obs truetion caused by objects appearing between the sowree and the listener
are computed for sound sowrees n a dynarnic environment in real time. Also enhanced source directivity modeling 1s
made possible enabling inclusion of realistic soumd sowrces into 3-D) scenes.

» Body animation of either a default body model present at the decoder or of a downloadable body rode] The
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Figure 12 - The IPMF Interfaces within an MPEG-4 Systern

10.9 MPEG-4 File Format

The P4 file format iz designed to contain the media information of an MPEG - presentation ina flexible, extensible fonmat
which fcilitates interchange, management, editing, and presentation afthe media. This presentation may be “1ocal’” to the
systern containing the presentation, or may be wia a network or other strearm delivery mecharism (a Transhduz). The file
format 15 designed to be independent of any particular delivery protocol while enabling efficient support for deliveryin
general. The design iz based on the QuickTims® format from Apple Computer Inc.

The following diagram gives an example of a simple interchange file, containing three strearms.

... other atoms

trak (video)

trak {audio)

mp4 file /"‘_"‘\
7 )
mooy mdat
10D trak (BIFS)
Intedeaved, time-ordered,
—,| trak (OD) BIFS, OD, video, and audio

access units

Figure 13 - Example ofa simple interchange file

ThelP4 file format iz compozed of object-oriented structures called ‘atoms’ A unigquetag and alength identify each atom.
Wlost atorns describe a hierarchy of metadata giving information such as index points, durations, and pointers to the media

data. This collection of atomsis contained in ah atom called the “mowieatom’. The tnedia data itselfis located elsewhete; it
cat1 be in the WIP4 file, contained it ote of tnore “tmdat™ or media data atotns, of located outside the MP4 file and referenced

wia URL s,

The following diagram shows a more complex file with extemal media data:
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mpd file T P media file )
7 i BIFS access units

mooy oD trak (BIFS) 1] possibly un-ordered
( with other unused data

trak (OD)
- other atoms | ¢pak {video) e
- mpd file
trak {audlol\ mdat ¥

.| | Wideo and audio access units
possibly un-ordered
with other unused data

... other atoms (inc. moov)

Figure 14 -- Complex file with external media data

The following diagram shows the container relationship hetween the different objects or atoms:

mowe (meta-data)
trach
mudia
madia Neader meadia handier
i (=
5 =
E =
media Informafon
H data Information
o
E [
= 'S wldeo Neader refi (URLE)
o =
& E 2 E
E: = 2 s || &
2 E = E =
E
1ampls tBbls
= = -
= E E
5 E 2lunk map aomp. Hm s chunk offet Hay-frama 1
= - o -
i + 2 o
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Figure 15 — Felation between different objects (or atormns)

The file format 12 a streamable format, as opposed to a strearming format. That 1z, the file format does not define an on-the-
wire protocol, and 12 never actually streamed over a transmission medivm. [nstead, metadata in the fle known as “hint tracks’
prowideinstruoctions, telling a server application how to delivrer the media data over a pationlar delivery protocol. There can
be multiple hint trackes for one presentation, describing howto deliver over vanious delivery protocols. In this way, the file
format facilitates streaming without ever being streamed directly

The following diagram shows the container relationship with RTP protocal hint traclkes to stream a simple video mowie:
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Figure 16 - Relationship with RTP protocol hint tracks to stream a smyple wideo mowie

The metadata in the file, combined with the flexible storage of media data, allows the MWP4 format to support streaming,
editing, local playback, and interchange of content, thereby satisfying the requirements for the MPE G4 Intermedia format.

10.10 MPEG-]J

The WMPEG-J iz a prograrmatic system (as opposed to the pararmetric system offered by WMPEG 4 Version 1 which specifies
API for interoperation of MPEG-4 media players with Java code. By combining MPEG-4 media and safe executable code,
content creators may embed complex control and data processing mechani sme with their media data to intelligently manage
the operation of the audio-visual session. A block diagram of the WMPEG-J player in an WMPEG-4 system player environment
is showm inFigure 17, The lower half of this drawing depicts the parametric WPEG 4 Systermn player also referred toas the
Presentation Engine. The WIPEG -T subsystem controlling the Presentation Engine, also refetred to as the Application Engine,

is depicted in the upper half of Figure 17

The Jawa application iz delivered as a separate elementary stream to the WMPEG-4 tenminal. Thereit will be directed to the
WPEG-J tun time environment, fom where the WPE G-I program will have access to the warious components and data ofthe
WPEG-4 player, in addition to the basic packages of the language (jawa lang, java io, java util). WIFEG-T specifically does

not support downloadable decoders.

For the ahove-mentioned reason, the group has defined a set of APIz with different scopes. For Scene graph AP the
objective 13 to provideaccess to the scene graph: to inspect the graph, to alter nodes and their fields, and to add and remowve
nodes within the graph. The Eesource Manager AP iz used for regulation of performance; it prowidesa centralized facility
for managing resources. The Termninal Capability AP is used when program execution iz contingent upon the tenminal
configumtion and its capabilities, both static (that do not change duing execotion) and dynamic. WMedia Decoders APT allow
the control ofthe decoders that are present in the termminal The Metwork AP provides a way to interact with the netarorde,
being compliant to the WPEG-4 DMIF Application Interface. Complex applications and enhanced interactivity are pogsible

with these basic packages.
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Figure 17 - Location of interfaces in the architecture of an WPE G-J enabled WIPEG-4 System
10.11 Object Content Information

40 of 62

MPEG-4 dlows attaching infortmati on to objects about their content. Users of the standard can use this *OCT {Object

Content Intonmaton) data stream to send textual intormation along wath MPEG-4 content. It1s dso possible to clasaty
content according to pre-defined tables, which wall be defined outside o f MPEG. Further posabilities are giving umogue
labels to content, and storing camera parameters.

11. Detailed description of MPEG-4 Video

Wisual objects can be either of natual or of synthetic origin. First, the objects of natural ongin ate described. Then follow the

synthetic ones.

11.1

Natural Textures, Images and Video

Thetools for representing natural wideo in the MPEG-4 wigual standard provide standardized core technologies allowing
efficient storage, transti zsion and manipulation of testures, images and wideo data for multimedia environments. These tools
allow the decoding and representation of atomic units of image and video content, called “video objects™ (W0s) An exanmgple

ofa WO could be a2 talking person (without background), which can then be composed with other AV Os Caudio-wisual

objects) to create a scene. Conventional rectangular imagery 12 handled asa special case of such objects.

In order to achieve this broad goal rather than a solution for a narrow set of applications, functionalities common to several
applications are clustered. Therefore, the visual part of the WPEG-4 standard provides solutions in the form of tools and

algorithms for:

» Efficient compression of itmages and video
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tmacroblock nurber provides the necessary spatial resynchronization while the quantization pararneter allows the differential
decoding process to heresynchronized.

Alzo included in the wideo packet header 15 the header exdension code The HEC 153 single hit that, when enabled, indicates
the presence of additional resynchronization information; induding modular time base, VOF temnporal increment, W OP
prediction type, and VOP F code. This additional information 15 rrade availablein case the VOP header hasbeen conupted.

It should be noted that when utilizing the error resilience tools wathin WPE G-4, some of the compression efficiency tools are
modified. For exarnple, all predictively encoded information moust be confined within a video packet a0 as to prevent the
propagation of errors.

In corjunction with the video packet approach to resynchronization, a second method called fixzed interval synchromzation
has alzo beenadopted by MPEG-4. This method requiresthat VOP start codes and resynchronization markers (1.e, the start
ofa video packet) appear ondy at legal fized interval locations in the bitstrearn, This helps avoiding the problems associated
with start codes ermilations. That is, when errors are present ina bitstrearm it is possible for these errors to ernulatea VOP
start code. Inthis case, when fized interval synchronization is utilized the decoder is only required to search fora VOP start
code at the beginning of each fixed interwal. The fixed interval synchronization method extends this approach to be any
predetermined interval.

Data Kecovery

After synchronization has been reestablished, data recovery tools attemnpt to recover data that in general would be lost. These
tools arenot simply error correcting codes, but instead techniques that encode the data inan error resilient manner. For
instance, one patticular tool that has been endorsed by the Video Group is Reversible Vatiable Length Codes (RVLCY In this
approach, the wariablelength codewornds are designed such that they can be read both in the forwand as well as thereverse
direction.

An example illustrating the use of a EVLC iz given in Figure 19, Generally, in a situation such as this, wherea burst of errors
has corrupted a portion of the data, all data hetween the two synchronization points would be lost. Howeser, as shown in the
Figure, an RWLC enables some of that data to be recovered. It should be noted that the pammeters, QF and HEC showm in
the Figure, represent the felds reserved in the wdeo packet header for the quantization parameter and the header extension
code, respectively.

Resync ME Forward Errors : Bacloward Resyne
Mlatker | Address QF |HEC | ——» S| | Wy
Decode AR Decode

Figure 19 - exxamnple of Feversible Variable Length Code
Error Concealment

Etror concealment is an extremely important component of any error robust wideo codec. Similar to the error resilience tools
dizcussed above, the effectiveness ofan error concealment strategy iz highly dependent on the performance of the
resynchronization scheme Basically, ifthe resynchronization method can effectively localize the error then the ervor
concealment problem becomes much more tractable. For low bitrate applications, low delay applications the curent
resynchromzation scheme provides very acceptable results with a simple concealment strategy, such as copying blocks fom
the previous frame.

Inrecognizing theneed to provide enhanced concealment capabilities, the Video Group has developed an additional emror
reslient mode that firther improwves the ability of the decoder to localize an error.

Specifically, this approach utilizes data partitioning by separating the motion and the testure. Thiz approach requires that a
second resynchronization marker be insetted between motion and testure infonmation. Ifthe testure information 15 lost, this
approach utiizes the motion infortation to coneceal these errors. That 13, due to the errors the texbure information is
dizcarded, while the motion 15 uzed to motion compenzate the previous decoded VOF

Fast recovery in real fime ¢ oding
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& newly developed technigque in MPEG | called NEWPEED (for 'new prediction”, provides a fast emror recovery in real-time
coding applications. It uses an upstrearn charmel from the decoder to the encoder. The encoder switches the reference frames
adaptively according to the error conditions of the network. NEWFRED does not use intra refresh and it provides the high
coding efficiency. This technique has been proven to work under stressful ermror conditions:

= Burat Error on the wireless networdcs (averaged bit error rateis 10E-3, lms burst length)

= Packet Loss onthe internet (packet loss rate 15 5%0)
¢) Improved temporal resohmtion stability with low huffering delay

A& spedal technigque of uzein real-time encoding situations 15 Dynarmic B esolution Conversion (DF.C), a way to stabilize the
tranarm ssion buffering delay by minimizing the jitter of the amount of the coded output bits per VOP. Large flame skips are
alzo prevented and the encoder can control the temporal resolution even in highly active scenes. This techniques requires
backchannel information to be sent to the encoder, which explains wihy it is only useful in real-time situations.

11.2 Structure of the tools for representing natural video

TheMPEG-4 itmage and wideo coding algorithms give an efficient representation of wisual objects of arbitrary shape, also
supporting so-called content-based fanctionalities. They support most functionalities already provided by WMFEG-1 and
WPEG-2, including efficient compression of standard rectangular sized image sequences at warying levels of input formats,
frame rates, pizel depth, bit-rates, and variouslevels of spatial, temporal and quality scalability.

A bhasic classification of the bit rates and functionalities currently provided by the WMPE G4 Visual standard for natural
images and wdeo 13 depicted in Figure 20 below, which clusters hit-ratelevels versus sets of functionalities.

Y
hitrate
High hitrate
tools
(including
interlace) Cunte.nt-hsfls.ed
functionalities
ishape, scalahbility)
VLBY
core

flmctiuna]i?ies
Figure 20 - Clasafication of the MPEG-4 Image and Video Coding Algorithms and Tools

At the bottom end 2 “VLBWV Corg” (VLBY: Very Low Bit-rate Video) provides algorithms and tools for applications
operating at bit-rates typically between 5. 64 kbits's, supporting image sequences with low spatial resolution (typically up to
CIF resolution) and low fame mtes (typically up to 15 Hz) The basic applications specific functionalifies supported by the
VLBV Coreinclude:

a) coding of conventional rectangular size image sequences with high coding efficiency and high error mobustness/
resilience, low latency and low complesity for real-time multimedia communications applications, and

by “randomaceess” and * fast forward” and “fast reverse” operations for VLB multimedia data-hase storage and access
applications.

The same basic fanctionalities outlined above are alzo supported at higher bit-rates with a higher range of spatial and
tetnporal input pararmeters up to ITU-R Eec. 601 resalutions and larger - employing identical or simidlar algotithimes and tools
az the VLBV Core. The bit-rates envisioned range typically from 64 khits/z up to 10 Wb/ and applications envisioned
include multitnedia broadcast or interactive retrieval of signals with a quality comparable to digital TV, For these
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The MPEG-4 Audio coding tools coveting flbit's to 24kbit/s have undergone vetification testing for an AN digital audio
broadeasting application in collaborati on with the MADIB (MNarrow Band Digital Broadcasting) consortivrn. With the intent
ofidentifying a suitable digital audio broadcast format to provide improvements over the existing AW modulation services,
several codec configurations invaolving the WMPEG-4 CELF, Twin'W (), and AAC tools have been compared to a reference Al
systemn. (see below for an explanation about these algorithims.) It weas found that higher quality can be achieved inthe same
bandwidth with digital techniques and that scalable coder configurations offered performance superior toa sirmulcast
alternative Additional venfication tests were carried out by WIPEG, in which thetools for speech and general audio coding
were compared to existing standards.

12.1 Natural Sound

MFPEG-4 standardizes natural audio coding at bitrates mnging from 2 khitfs up to and abowe 64 kbitfs. When variable rate
coding is allowed, coding at less than 2 khités, such as an average bitrate of 1.2 lhit/s, iz alzo supported. The presence of the
MFEG-2 AAC standard within the WMPEG - tool set provides for general compression of audio in the upper bitrate range. For
these, the WMPEG-4 standard defines the bitstream syntas and the decoding processes in terms of a set oftools. In order to
achievethe highest audio gquality within the fiill range of bitrates and at the sarme time provide the extra functionalities,
speech coding techniques and general audio coding techniques are integrated in a cormmon frameworls

Speech coding at bitrates between 2 and 24 khit/s is supported by vsing Harmonic Vector eX{citation Coding (HWV ) for
a recommmended operating bitrate of 2 - 4 kbit/z, and CodeEzdted Linear Predictive (CELP) coding for an operating
bitrate of 4 - 24 kbit/zs. In addition, HV XC can operate down to an average of around 1.2 kbit/s in itz watiahle bitrate
mode. In CELP coding, two samnpling rates, 8 and 16 kHz, are used to support natrowband and wideband speech,
respectively. The following operating modes have been subject to verification testing: HV O at 2 and 4 kbit/s,
tarrowhatd CELP at 6, 8.3, and 12 khit's, and wadeband CELF at 18 kbitfs. [naddition wanious of the scalable

confi gurations have been werified.

For general audio coding at hitrates at and above 6 kbit/s, transform coding techniques, namely Twin® () and AAC, are
applied. Theaudio signals in this region typically have sampling frequencies starting at 3 Hz

To allow optitramn cowerage of the bitrates and to allow for bitrate and bandwidth scalability, a general framework has been
defined. Thizisillustrated in Figure 24

Batellite  Celluar phone Internet IR0
Hecure com.
e
2 4 6 B 10121416 24 i 32 48 ad
| N R e O Wi | | hit-tats (khps) 1 1 |
[ e SR e G | I | |
Sealable Coder 2
TTS
speech coding
genetal audio coding 3
4 kHz 2 kHz Typical Audio banderidth 20 kHz

Figure 24 - General block diagram of WPEG-<4 Audio

Starting with a coder opermating at a low bitrate, by adding enhancerments to a general audio coder, both the coding quality as
well as the audio bandwidth can be improved.
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