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‘1 Introduction

dvanced multimedia systems are characterized by the-integrated computercoatrolled gcncrauon e

torage,’ communication, manlpulauon and presentation ‘of independent time-dependent and’ time-
iindependent media[1] [2]. The key issue which provides integration is the digital representation of any
{data and the synchronization of and between various kinds of media and data.
The word synchronization refers to time. Synchronization in multimedia systems refers to the temporal
relations between media objects in the multimedia system. In a more general and widely used sense
some authors use synchronization in multimedia systems as comprising content, spatial and temporal .
relations between media objects.- We differentiate between time-dependent and time- mdependem media -
objects. A time-dependent media object is presented as a media stream. Temporal relations between

consecutive units of the media stream _exist. If the presentahon durations. of all units of a llmc-, L

dependent niedia object are equal, it is called continious media object: a video consists of a number of
ordered frames; each of these frames has a fixed presentation duration. A time-independent media
object is any kind of traditional media like text and images. The semantic of the respective content does
not depend upon a presentation according to the time domain.

Synchronization between media objects compnses relations between time- dependent medla objccls and
time-independent media objects. A daily example of synchronization between continuous media is the
synchronization between the visual and acoustical information in television. In a multimedia system the
similar synchronization has to be provided for audio and moving pictures. An example of tcmporal
relations between time-dependent media and time-independent media is a slide show. The presentation
of slides is synchronized with the commenting audio stream. In order to realize a slide show in a

multimedia system the presentatlon of graphlcs has to be synchronized with lhe appropnate unitsof an . .
audio ‘stream. . .

Synchronization is addrcsscd and supported by many syslcm componenls mcludmg the operating
system, the communication system, databases, documents and even often by apphcauons Hence
synchromzatlon has.to be considered at several levels in a multimedia system.

The operdting system and lower communication layers handle smgle media streams with the objective -
" 1o avmd jiiter at the presentatlon of the units of one media stream (e [3] 141 15} [6]) For example, -

users will'be annoyed if an audio presentation is mterrupted by pauses or if élicks result in short gaps in
the presentatlon of the-audio clip. :

On top of this level, the runtime support for the synchromzauon of multiple media streams is located
(e.g. [7] [8] [9] [10]). The objective at this level is to maintain the temporal relations between various
streams. In particular the skew between the streams has to be restricted. For example, users will be
annoyed if they notice that the movement of the lips of a speaker does not correspond to the prcscnlcd
.- audio. e

“The next fevel holds the runtime ‘support-for the synchronization between ume-dcpcndcnt and umc-
independent media together with the handling of user interactions (e.g. [11] [12] [13] [14]). The
objective is to start and stop the presentation. of the time-independent media within a tolerable time’
interval, if some prevnously defined points of the presentation of a time-dependent media object are

reached. The audience of a slide show is annoyed, if a slide is presented before the audio. comment . -

introducesa new pictire. A short dclay after the start of the introducing comment is tolcrable or cven
uscful.

The temporal relations between the media objects have to be specified. The relations may be specificd
implicitly during capturing of the media objects, if the goal of a presentation is to present the media in
the samc way as they are originally capturcd. This is the casc of audio/vidco recording and playback.
The temporal relations may also be specified explicitly in the casc of presentations that are composed of
indcpendently caplured or otherwise created media objects (c.g. [15] [16] [17]). In the slide show
cxample a presentation designer sclects the appropriate slides, creates an audio object and defines the
units of the audio presentation strecam where the slides have to be presented. Also the user interactivity
may be part of a preseatation and the temporal relations between media objects and user interactions



lhdvc 1o be specified. The tools that are used to spccrfy the lcmporal relauons are located on lop of lhe
!prcvrous levels : '

In recent years, in nearly every multimedia workshop and conference many synchronlzatron related
| contributions have been provided. Most of the contributions address only issues of one or a subset of

“the levels or regard synchronization only from a specific viewpoint and they are partly overlapping.

The objective of this chapter is to provide an integral view to the area of multimedia synchronization.
Therefore we focus on a consistent definition of synchronization related terms, synchronization
requirements, the synchronization specification, synchronization between media objects and the
synchronization related structuring of multimedia systems. An emphasis is also put on the
synchronization in a distributed -environment that introduces additional complexity but-is very
important regarding client/server architectures and future teleservices like access to iiformation bases
using an information highway. '

The description of low level technical support for media synchronization, like EDF or rate monotonic
scheduling in the operating system, isochronous transport services and support for single media
streams, is not part of this chapter.

In Section 2, the basic terms of synchronization are defined. Subsequently, in Section3, the
requirements for synchronization resulting from user perception of multimedia presentations are
described. A synchronization reference model is presented in Section 4 that allows to structure the
levels of synchronization and to classify existing synchronization systems. Section5 provides an
overview about synchronization specification methods. Some prominent and representative systems are

presented and classified according to the synchronization reference model in Secuon 6.A summary and
an outlook are given in the last section.

2 Notion.of Synchronization

P L. el e

. 2.1 -Multimedia Systems B RIS
‘Several definitions for the terms multimedia appllcatlon and multimedia systems are described in the
literature. Three criteria for the classification of a system as multimedia system can be distinguished:
These are the number of media, the types of supported media and the degree of media integration..

The most simple criterion is the number of media used in an application. Using only this criterion even
a document processing application that supports text and graphic can be regarded as multimedia
system[18] This is not, however, our definition of multimedia (see chapter 2, Section 2.3).
‘The types of supported medta arc an addllronal criterion [2)- In this case, we.distinguish between time-
"dependent and time-independent media. A time-independent media object is usually presented using
one presentation unit. An example is a bltmap graphic. Time- dependent media objects.are presented by
- asequence of-presentation nits. An- example isa motion picture sequence without audio (i€ a 'vidéo
scquence) presented frame after frame. Because the rntegratlon of time- dcpendent media objecls is a
new and essential aspect in information. processing, some- authors define a -multimedia system ‘as a '
system that supports the processing of more than one medium with at least one time-dependent medium
[19].

The degree of media integration is the third criterion [2]. In this case integration means that the
different types of media remain independent but can be processed and presented together.

Combining all three criteria, we propose the following definition of a multimedia system: a system or
application that supports the integrated processing of scveral media types with at least one time-
dependent medium.




‘Figure 1 classifies applications according to the three criteria. The arrows lndlC'llC the increasing degrec
?f multlmedla capablllly [or each criterion. .
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Figur"e 1: Classification of the Media Use in Multimedia Systems

Integrated digital systems can support all types of media and due to digital processing may provide a
high degree of media integration. Systcms that handle time-dependent analog media objects and time-
independent. digital media objects are.called. hybrid systems [20]-[21]. The disadvantage of hybrid
systems is that they are restricted with regard to the integration of time-dependent and time-
independent media, because e.g. audio and video are stored on different devices than time-independent
media objects and multimedia workstations must comprise both types of devices. The same applies to
the interconnection between the workstations. Audio/Vidco-applications that implement functionalitics
of consumer devices, like video recorders, often do not'support the integration of audio and vidco and
time-independent media objects. In addition, they often do not support the scparate handling of the
audio and vidco media objects. Singlc time-dependent media objects are often supported by audio and
vidco servers. Traditional desktop-publishing systems are examples of integrated processing of time-
independent media objects.

2.2 Basic Synchronization Issues

Intcgrated media processing is an important issuc of a multimedia system. Thc main rcasons for these
intcgration demands arc the inherent dependencices between the information coded in the media objects.
These dependencics have to be reflected in the integrated processing including storage, manipulation,
communication, capturing and, in particular, the presentation of the media objects.



The word synchronization refers to time. In a more general and widely used sense some authors use
.. nsynchromzallon in multimedia systems as esmprising content, spatial and temporal rc,lauons Between
_ mcdla objects.

2.2.1 Content Relations
Content relations define a dependency of media objects from some data.

An example of a content relation is the dependency between a filled spreadsheet and a graphic that
represents the data listed in the spreadsheet. In this case the same data are represented in two différent
ways. Another example is two graphics that are based on the same dala but showmg dlfferem
interpretations of the data. : : ‘

For integrated multimedia documeris; it is useful to express these relations explicitly to enable an
automated update of different views of the same data. In this case only the data are edited and for the
views the kind of dependencies of the data and the presentation rules are defined. All views of the data
arc generated automatically and cannot be edited directly. An update of the data triggers an update of
the related views. This technique is, for example, used in database syslems and may also be used for the
different media of a multimedia system.

In general, the implementation of content relations in multimedia systems is based on the use of
common data structures or object interfaces that arc used 1o present objects using different media.

2.2.2 Spatial Relations

The spatial relations that are usually. known as layout relauonshlps define the space which-is used for .
' lhc preseitation of a, medla ob;cc( ‘on, an oulpul devnce at a cerfain-point of:{infe in: a muillmcdla ‘

prcscnlalmn If the oulput device is two- dimensional (e.g. momlor or papc.r) the Tayout specifies the

two-dimensional area to be used. .

In desktop publishing applications this is usually expreSSed using layout frames. A layout frame is

placed and a content is assigned to this frame. The positioning of a layout frame in a document may be

" fixed1o a posmon ina documcnl, to:a: position on-a page or it may be relative to the- pOsmenmg of other -
frames. - : :

~The concept of frames can also bc uscd o specnfy where. the prcsentatlon units of a time-dependent
media object are placed. For cxample video frames may be positioned using layout frames. In window-
oriented systems a frame or a group of frames may be represented by a window. A window may be
resized, moved, iconified etc. and gives the users additional manipulation freedom to adapt the
presentation to their requirements.

“Experimental three dimensional ‘output devices hke holographlc expcrlmcnls and lhree-dnmensnonal
projection allow to create three-dimensional presentations. In usual window systems, the third
dimension is only expressed in terms of overlapping windows. Stereo audio output devices have also a
layout that defines the positioning of-an audio source in_a presentation: This is for example used in"" -
audio and video conferences to give a participant the impression of a seat ordering [22] that is related to
the placement of picturcs or vidcos of the other conference participants. This gives the-user .2 more

natural communication impression, makes it casier to follow a discussion and therefore increases the
uscr aceeptance.

2.2.3 Temporal Relations

Temporal relations define the temporal dependencies between media objects. They are of interest
whencever time-dependent media objects exist

An cxample of temporal relations is the relation between a video and an audio (ibjccl that are recorded
during a concert. If these ohjects are presented, the temporal relation during the presentations of the two
media objects must correspond o the temporal relation at the recording moment.

The time relations are what we will understand to be synchronization in multimedia systems.



2.2.4 Comment

1 three types of synchronization relations are important for integrated digital multimedia systems and _
are meanwhil subject to standardization efforts like MHEG [11] and HyTime [23].
Content and spatial relations are well known from publishing and intcgrated application systems with -
idatabases, spreadsheets, graphical tool and word processing system. The key aspect in multimedia
systems is the temporal relations derived from the integration of timec-dependent media objects.
Therefore, the rest of this chapter addresses temporal relations only.

2.3 Intra- and Inter-Object Synchronization -

We dlstmgunsh beétween time relations within the units of onc time- dcpendcnt media object itself and
time relations between media objects. This scparation h(.lps to clanfy the mcchamsmq supporlmg both
types of relations; which-often-are very different.

+ Intra-object synchronization: The intra-object synchronization rcfers to the time relation between
various presentation units of one time-dependent media object. An example is the time relation
between the single frames of a video sequence. For a video with a ratc of 25 framces per second each
of the frames has to be displayed for 40 ms. Figurc 2 shows this for a video sequence showing a
bouncing ball.
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Figure 2: Intra-object Synchronization between Frames of a Video Sequence
Showmg aJ umpmg Ball

. Inter-object synchromzatlon- The mter-ob]cct synchromzallon refers to the synchromzauon

-between media objects. Figure 3 shows an example of the time relations of a multimedia synchroni-

zation that starts with an audio/video sequence, followed by several pictures and an animation that is
commented by an audio sequence.

Audiol |- S Audio2
P1|{P2|P3 _
Video.- -+ . ~ Animation -

Figure 3: Inter-object Synchronization Example that Shows Temporal Relations in a Multimedia Pre-
sentation Including Audio, Video, Animation and Picture Qbjects

2.3.1 Time-dependent Presentation Units

Time-dependent media objects usually consist of a sequence of nnfornmlmn units. Such information
units arc known as logical data units (LDUs).

In many cascs, scveral granularity Ievels of LDUs in a media object exist. An example is the symphony

“The bear” of Joscph Haydn (Figurc 4). It consists of four movements: vivacc assai, allegretto, menuct
and finalc. Each of these movements is an independent, self closed part of a composition. 1t consists of
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f,cquenccs of notes for different instruments. In a digital system each note is a sequence of sample
alues. In the case of CD-Quality with PCM codmg without compression, a sariiple rate of 44100°'Hz ~

ithtwo channels and 16 bit resolution per channel is used. On'a CD these sample values are combined
"0 blocks of 1/75 s duration.

Samples

Notes

Movements

Symphony

Figure 4: The LDU Hierarchy

The used level of granularily is application dependent. It is possible to look at the whole symphony, the

movements, the notes, the samples or the combined samples as LDUs. The selection of the LDUs

depends on the operations that should be performed on a media object. For simple presentation

opcrations like “play” the whole symphony or the movements are the useful L.DUs. For applying

instrument based playing techniques the notes as smallest description units in the musical area are the
useful granularity. For the signal processmg task, the operations are based on samplcs or blocks of ~
samples.- '

Another example is an uncompressed video object that is'divided in scenes and frames The frames can

be partitioned in areas of 16x16 pixels: Each pixel consists of tuminance and chrominance values.. All
_ these units are candidates as LDU units.

- Ry a video sequence coded in the MPEG [24} format, redundanc1es Wlthm subsequent frames may bes

used to reduce the amount of digital data used to represent the media object (Inter-frame COmpressmn)
In thiscase a sequence of frames that are interframe compressed can be regarded as LDU.

The: levels of granularity 1mply a hierarchical decomposition of media objects. Often there are two
kinds of hierarchies. The first is a content hierarchy that is implied by the content of the media object.
This is the hicrarchy of symphony, movement and notes in the symphony example. The second is the
coding hierarchy based on the data encoding. For the symphony example the hierarchy may be a media

object representing.a movement, that is’ dmded into- blocks of samplcs Thc samplcs are the lowest'. .
-level of the coding hierarchy.. i

In addition LDUs can be classified into open and closed LDUs. Closed LDUs have a predictable
_ duration. Examples arc LDUs that are parts of stored media objects of continupus media like-audio'and -
video or stored media objects with a fixed duration. The duration of open LDUs is not predictable

before the execution of the presentation. Open LDUs typically represent input from a live source, for
cxamplo a camera or a microphone, or media objects that include a user interaction.
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*2.3.2 Classification of Logical Data Units

For, digital video often the frames are selected as LDUs. For example for a video wnlh 30 plc(urcs pcr_
.second, each logic¢al data-unit is a closed’' LDU with a'diiration of 1/30°s (Figure-5).

Pic. 1 | Pic. 2 | Pic. 3 | Pic. 4 Pie. n

1/30s

Figure 5: Ph};éical Units as LDUs

In the case of the basic physical unit being too small to handle, often LDUs are sclected that block the
samples into units of a fixed duration. A typical example is an audio stream where the physical unit
duration is very small, therefore, LDUs are formed comprising 512 samplcs. In the example shown in
Figure 6, one sample is coded with one Byte, and hence, each block contains 512 Bytes.

Physical Frame Duration = 1/sample frequencies (e.g. 1/8000 s)

R O DO S,

N R N R

R

—p
- Duratiori of a Logwal Data Unit of 512'Bytes (e g.=0.0645s) .

- - - thureé BlockedPhyszcai Units as LDUs

Captured media objects usually have a natural basic duration of an LDU. In computcr-gencrated media
objects, the duration of LDUs may be selected by the user. An example of these user-defined LDU
durations is the frames of an animation sequence. For the presentation of a two second animation
sequence 30 to-60 picturcs may be generated depending on lhe noccssary quality. Thus, the LDU
duration depends on the sclected picturé rate (Figure 7).

Framel |Frame 2 |Frame 3{Frame 4] =~ “~ |Framen

i —

>t
Duration of Logical Data Units of Selected Size (= e.g. 1/15 5)

Figure 7: LDU Size Selected by User

Strcams are morc complex when the LDUs vary in durationis. An example is the recording of cvents at
a graphical uscr intcrface to replay a user interaction. In this case, an LDU is an cvent with a duration
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llasting untif the next event. The duration of LDUs depend on the user interaction and varies a(_:,cprdi_ngl.y- -
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Action 1| Action2 |A3 Action 4
-

[.DUs of a Recorded User Interaétion

Figure 8: LDUs of Varying Durations

Open LDUs with unpredictable duration are given in the case that the LDU has no inherent duration.
An example of an open LDU, (i.e. an LDU with no inherent duration), is a user interaction in which the
duration of the interaction is not known in advance (Figure 9). :

User selection

-t 2 ——|

>t
LDU .duration not known before the actual processing .

F 'igure 9: An Open LDU Representing a User Interaction

Timers can be regarded as streams of empty LDUs with a fixed.duratjon (Figure 10). *-

LDUs of 10 ms duration - t

Figure 10: LDUs of a timer

Table 1 gives an overview of the types of LDUs discussed above,

.- L.DU duration defined = .| LDU duration defined by the

during capturing user
Fixed LDU duration Audio, Video  ~ Animation, Timer
Variable, unknown Recorded interaction User interaction

LDU duration

Tuble 1: Types of LDUs

2.3.3 Further examples
The following three examples show synchronization based on LDUs.
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1. Lip synchronization demands tight coupling of audio and vidco streams. Synchronization can be

specificd by defining a maximal skew between the two media streams (Figure 11).
!

Frame 1 |Frame 2|Frame 3|Framc 4

Frame n

Audio;

Audio max. 80 mis advance
Video max. 80 ms advance

I Audio

I Al Jdiio

Figure 11: LDU View of Lip Synchronization

2. A slide show with audio commentary demands that the change of shdes bc temporally related to the

audio commentary (Figure 12).

Slide 1

Slide 2

Slide 3

Slide 4

!

Audio sequence

3. The following example shown in F:gure 13 wnll be used in Sccuon 5t demonslratc synchromzauon

specxﬁcauon methods.

A lip synchromzed audiofvideo scqucncc (AudLOI and Vdeo) is followed by the rcplay of a

" recorded user interaction (RI), a slide sequence (P - P3) and an animation (Animation) which is

- . partially commented using an audio sequence (Audio2). Starting the "animation presentation, a
multiple choice question is presented to the user (I1teraction). If the user has made a selection, a final

Figure 12: LDU View of a Slide Show

picture (P4) is shown.
RI * Interaction
Audiol Pi[p2|P3| |Audio2 [pa
Video Animation

2.4 Live and Synthetical Synchronization
The live and synthctical synchronization distinction rcfers to the type of the determination of temporal
rclations. In the casc of live synchronization, the goal of the synchronization is to exactly reproduce at a

Figure 13: Synchronization Example




"' ¢+ 1o present media streams in-parallel- .

resentation the temporal relations, as they existed during the capturing process. In the case of
synthetical synchromzauon the temporal relations are artificially. speclﬁed [25].

_The following example shows aspects of live synchronization:

Two persons located at different sites of a company discuss a new product. Therefore they use a vidco
conference application for person to person discussion. In addition they share a blackboard where they
can display parts of the product and they can point with their mouse pointers to details of these parts
and discuss some issues like: "This part is designed to ..."

_ This example covérs two. live synchronization . aspects: TFhe video conference demards for a'lip  *

synchronization of the audio and video, and the movement of the mouse pointer has to be synchromzed
to the corresponding explanation given in the video conference.

An example of synthetical syrichronization is a learning environment of a city realized by the Bank
Street College of Education, New York [26]:

A learncr may perform a virtual voyage (surrogate travel) to an ancient Maya city. Using a Joystick the
leamer walks through the jungle and explores the Maya ruins. At the same time he hears the sounds -
from the jungle. He can also take a closer look to the nature in the environment and he can “visit” a
videco muscum to get further information.
In the case of synthetical synchronization, temporal relations have been assigned to media objects that
were created independently of each other. The synthetical synchronization is often used in presentation
and retricval-bascd systems with stored data objects that are arranged to provide new combined
multimedia objects. A media object may be part of several multimedia objects. For example, the same
video clip about Germany may be part of a multimedia object that presents the countries of the
European Union a$ well as of a multimedia object that presents the countries qualified for, the soccer -
" world cup. Media objects of a multimedia object may be stored/located at different servers.

For the synthetical synchronization, it is necessary to use a model for the specification and

manipulation of temporal synchromzatnon conditions and operations. Common examples [27] for such
OPCl‘allOﬂS are:

o

* topresent medla streams one after the other (senal)

* to present.media stream independent from each other.

2.4.1 Live Synchronization

The typical application of live synchronization is conversational services. In the scope of a source/sink

- scenario, at the source volatile data streams (i.e., data being captured from the environment) are created

..which are presented at the sink (Figure 14). The common context of several streams on ‘the source site’
has to be preserved at the sink. The source may comprise acoustic and optical sensors as well as media

conversion units. The connection offers a data path between-a source and a sink. The sink presents-the.
" units t6 thé user. A source and a sink may. be located on different locations.

N

(\___ $ourcq_._

Figure 14: Live Synchronization without Intermediate Long-term Storage
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“The goal of synchronization in such a scenario is to reproduce at the sink the signals in the same way as
they appeared at the source, A possible mampulahon by the sink is-to adapt the presentation. to the
. avallable resqupces ‘This may be, for example; a change of. resolution or'a lower frame ratc Toréduce .
T resource ‘usage, it is preferable that sich adaptatiéns be already performed at the source, in parllcul'\r if
'thc source and the sink are distributed and connected by a network.

“Another type of live synchronization is shown in Figure 15 and includes a storage which holds the
encoded data. The presentation goal is the same as before but the capturing and the presentation are de-
coupled. In this case, it is possible to manipulate the presentation of the media. The presentation speed

may be changed, and random access is possible (which is not possnble in the scenario shown in Figure
14).

C\:

Figure 15: Live Synchronization with Intermediate Long-term Storage and Delayed Presentation

In summary, we must emphasize that the primary -demand of live synchronlzallon is to present d:ua
_ .'accordmg to the temporal relallons whlch ex15led du rmg the: capiurmg process of, thc medra ‘objects. -

2.4.2 Synthetical Synchronization

The emphasis of synthetical synchronization is to support flexible synchronmmon rclauons between
media. In the synlhetlcal synchronization two phases can be dlslmguxshed

- In the speczﬁcauon phase, tetiporal relations between lhe media objec!s are deﬁned

¢ In the presentation phase; a runtime* syst;m presents dat_a- in a syfichronized modc,_. :

" Fhe following example shows this for the creation of a multimedia presentation: ~

Four audio messages are recorded that relate to parts of an engine. An animation sequence shows a
slow rotation of 360 degree of the enginc. With a software tool (e.g. a synchronization editor) time rela-
tions between the animation and the matching audio sequences are.defined. The inedia objects with the
synchronization specxﬁcauon can be uscd by a presentation tOOI that éxecutes the synchronized presen-
tation.
In the specification phase of synthetical synchronization, the captured or created media objects arc
explicitly synchronized. Media objects that are stored. in a live synchronization scenario can also be
included in a synthetical synchronization playback.

Another variation of the synthetical synchronization is the synchronization specification at runtime:

In a railway time-table information system, a user spccifics his demands. An automatically gencrated
audio scquence presents this information to the user. During the presentation, a video sequence is dis-
played that shows how 1o go to the departure gateways and how to procced at the arrival station. The
synchronization between the generated audio and the video is performed in runtime.

2.5 Comment

In the case of live synchronization, the synchrommllon specification is implicitly defined during
capturing. In the casc of synthetical synchronization, the specification is done explicitly. If media
objects are presented delayed, presentation manipulations like changing the presentation speed and
dircction and direct access to a part of the objcct arc possible. Adapting the presentation quality to the
uscr demands or the capacity of the underlying system resourccs, is possible in both cascs.



User interaction in live synchromzauon includes only the interaction durmg capturing.: Synllu,tu,al
!synchromul.xon can includc user.interactions, for example for navigation; in the preseritation.

3 Presentation Requirements

For delivering multimedia data correctly at the user interface, synchronization is essential. It is not
possible to provide an objective measurement for synchronization from the viewpeint of subjective
human ‘perception.” As human perception varies from person to person, only heuristic criteria can
determine whether a stream presentation is correct or not. In this section results of some extensive
expenments are presented that are rclated to human perception of synchronization between different
media.

Presentation requirements comprise, for intra-object synchronization, the accuracy concerning delays

in the presentation of LDUs and, for inler-objecl synchronization, the accuracy in the parallel
presentation of media objects.

For intra-object synchronization, we try to avmd any jltler in consecutive LDUs. Whercas processes

can wailt for each other, using the method of blocking (e.g. in CSP). A data stream of time independent
LDUs can also be stopped.

[ Video - | ‘ - @

Alternative preschtatl(')n

Figure 16: The Gap Problem, Restricted Blocking

There is a different situation when looking at sequences of audio and moving plClurcs

- What does the blocking of a stream of moving pictures means for the connccu.d oulput device?
- Should and can the last picture of a stream be shown during the blocking?

- Should, in the case of spccc,h Or music, a previous part be rcpealcd durmg the blockmg"
- How long can such a gap as shown'in Figure 16 exist?

This situation has become known as the Gap Problem [28]. In the case of moving pictures, existing
systems are solving the problém by’ S|mply swilching the output device to dark or whitc or by showing
the last moving picture as a still picture. A practical solution has to regard the factor time. It is
significant, whether the duration of such a gap is a couple of milliseconds, a couplc of scconds or cven
a couple of minutes. Only the actual application (and not the system) is able to sclect the best solution.
Therefore alternatives have to be available that are sclected in dependence of the expected time of the
blocking. The concept of alternative presentations is indicated in Figure 16. In this example, it is shown
that in the case that the gap between the late video and the audio exceeds a predefined threshold, the
audio presentation is switched o an alternative presentation. In the case, that the gap is shorter, the
audio presentation may be stopped until the gap is closed. In general, in the case of blocking, alternative
single pictures, sequences of pictures, or audio signals can be presented, or simply alrcady used
presentation units can be repeated. This method of blocking of processes respectively streams of audio
and vidceo is known as Restricted Blocking.
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‘The restricted blocking uscs as a mcans for resynchronization the repeated presentation of the last
sample(s) or an allernative presentation. Another possibility is the re-sampling of a strcam. The basic
. idea.of. re-sampling is to speed-up or slow-down" streams for the purposc’of synchronization. We
" “distinguish ‘off-line and on-linc re-sampling: Off-line re-sampling is used alter the capturing of media
streams with independent devices. An example is a concert which is captured with two independent
audio and video devices. If theses devices, like many real-world devices, have insufficient accurate
crystal clocks, the theorctic playback duration according to the sample rate of the stored audio and
video sequences may differ. Before the execution of the presentation, it is possible to re-sample them to

the same theoretic playback duration. On-line re-sampling is used durmg a prcsentatlon in the case.that -

at runtime a gap between media streams occurs.

Methods for re-sampling are to re-define the playback rate, to duplicate, to interpolate or-to skip
samples, or to re-calculate the whole scquence. The human perception of the re-sampling depends
strongly on the media. Video sequences can be re-sampled by adding or dcleting single frames in a
stream, as it is for example done in NTSC/PAL conversions. If the output device supports different
playback rates, the playback rate can directly be adjusted.

More complex is the situation in the case of audio streams. A user will be annoyed by duplicated or
deleted blocks of audio. Also changes in the playback rate can casily be noticed by the user, especially
in the case of music playback, because the frequency is changing. The same is true for simplc
interpolation of samples. Algorithms exist that can stretch or widen an audio sequence without this
frequency change. But they do not support real time demands and are only suitable for off-line re-
sampling.

For inter-object synchronization more detailed results of studies in the lip synchronization and pointer
synchronization [29]- arca arc described- in the ‘following to make. clear the importance of user

- perceplion aspects for presentation. accuracy ‘A summary of ¥equirements for other synchmmzal:on
- requirements follows.

3.1 Lip Synchronization Requirements

‘Lip synchronization’ refers to the. te'mporal relationship- between ‘an.audio and video’ stream-for the: .+

pamcular case of humans speaking. The time dnfference ‘betweéen relaled audio and video LDUs is"
known as the ‘skew’. Streams which are perfectly in sync’-have no skew, i.e., 0 ms. Expenmcms atthe -
IBM European Networking Center {29] measured thé skews that were percelvcd as ‘out of syné’. In
their experiments users often mentioned that something is wrong with the synchronization, but this did
not disturb their feeling for the quality of the presentation. Thercfore, the experimenters additionally
evaluated the tolerance of thc users by asking if the dala oul of sink affects the quality of the
presentation. ’
‘In dlscussmns with expcrts that work with. audio and. vndco Lhc cxpcnmenlcrﬁ came to realize that -
gcncrally subjccts rcspondcd 1o or remembered parucular parts of the clips, therefore a wide range of
skews (up to 240 ms) the experimenters obscrved. A comparison and a general usage of these values |
.. are somewhat-doubtful because the erivironments from which they resulted. were nof” comparablc In’
some cases the experimenters encountered the ‘hcad view® displayed in front of some smglc color
.background. on -a. high resolution -professional monitor whereas in others-a ‘body view’ in a video ~
window at a resolution of 240*256 pixcls in the middlc of some dancing pcople. In order to get accurate
and good skew tolerance levels the experimenters sclected a speaker in a TV news cnvironment in a
head and shoulder shot (Figure 17). In this oricntation the vicwer is not disturbed by background
information and the viewer should be attracted by the gesture, eyes, and lip movement of the speaker.

Their study was performed in the news cavironment in which the cexperimenters recorded the
presentation and then re-played it with artificially introduced skews created with professional editing

cquipment skewed at intervals of 40ms i.c. -120ms, -80ms, -40ms, Oms, +40ms, +80ms, +120ms. Steps
of 40) ms were chosen for:

(1) the difficulty in human perception to distinguish any lip synchronization skew with a higher res-
olution.

(2) the capability of multimedia software and hardware devices to refresh motion video data cvery
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Figure 17: Left: Head View, Middle: Shoulder View, Right: Body View

Figure 18 provides an overview of the results. The vertical axis denotes the relative number of test
candidates who detected a synchronization error, regardless of being able to determine if the audio was
before or after the video. Their initial assumption was that the three curves related to the different views
would be very different, but as shown in Figure 18 this is not the case.

[%]

~ Figure 18: Detection-of Synchronization, E;rjr"orx“ with Respect to the Three Different Views. ~ -

" Left part, negative skew; video ahead of audio; right part, positive skew; video behind audio
* Figure 19 ‘shows the same curves in fiioré detail. A carcful analysis provides us with information
regarding the asymmetry, some periodic ripples and minor differences between the various views.
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Left of the central axis the graph relates to negative skew values where the video is ahead of the audio
and on the right where the audio is ahead of the vidco. Day to day we often experience the situation
- ‘where the ynotion of the lips.are perceived a litile before the audio i is heard, due the greater velocnty of
- light than sound, this is indicated by the nght harid side of the- ‘curves bemg steeper than the left sides..
The ‘body view’ curve is broaderthan the ‘head view” -curve as al the former a small skew is €éasief fo
notice. The ‘head view’ is also more asymmetric than the ‘body view’ due to the fact that the further
away we are situated, the less noticeable an error is.

At a fairly high skew the curves show some periodic ripples; this is more obvious in the case where
audio is ahead of video. Some people obviously-had difficulties in identifying the synchronization error
even with fairly high skew values. A careful analysis of this phenomenon is difficult due to the sample
volume (few more than a 100), the media content to be synchronized and the human mind and mood.

However, one plausible explanation could be: At the relative minima, the speech signal was closely
 related to the movement of the lips which tends to be quasi periodic. Errors were easy to notice at the
start, end of pauscs as well as whenever a change in tone is introduced (a point being emphasized).
Errors in the middlc of sentences are more difficult to notice. Also we tend to concentrate more at the
start of a conversation than once the subject is clcar. A subscquent test containing video clips with
skews according to these minima (without pauses and not showing the start, the end, and changes in
tonc) caused problems in identifying if there was indeed a synchronization crror.



‘Detected Errors 1%] -

100

80

60

40

20

-320 -280 -240 -200-160 -120 -80 -40 O 40 80 120 160 200 240 280 320

N He.ad Vlew m Sho’ullde'r,Vrew -- Body View ] BN Skew [m-sec]»

thme 20: Areas Related to the Detection ofSynchmmzauon Errors

'VFlgurc 20 shows the followmg areas: .

The *in sync’ region’ iliat spans a skew bctwcen -80 ms’ (audlo behmd v1de0) and +80 ms (audlo
ahcad .of video)..In this zone most of thre ‘test candidates “did- -flot dc.lecl the' synchromzauon €rTor.,

- Very few people said that if there was an error it did affect their notion of the quahty of the video.

Additionally, some results indicated that the perfect ‘in sync’ clip was ‘out of sync’. Their conclu-
sion is that lip synchronization can be tolerated within these limits.

The ‘out of sync® areas span beyond a skew of -160 ms and +160 ms. Nearly everybody detected
these errors and were. dissatisfied with the clips. Data delivered with such a-skew is in general not
acceptable, Addluonally, often a distraction occurred; the viewer/listener becanie morc attracted by
this ‘out of sync’ effect than by the content itself.

In the ‘transient’ area where audio is ahead of video, the closcr the speaker was the easier-errors

were detected and described it as disturbing. The same applies 1o the overall resolution, the better
the resolution was the more obvious the lip synchronization errors became.

A sccond ‘transient’ area where video is ahead of audio is characterized by a similar behavior as
above as long as the skew values are near the in sync arca. One interesting cffect did emerge and it
was that video ahcead of audio could be tolerated better than the vice versa. As above the closer the
speaker is, the more obvious the skew is,

This asymmecltry is very plausible: In a conversation where two people arc located 20 m apart, the
visual impression will always be about 60 ms ahead of the acoustics duc to the fast light propagation
comparcd to the acoustic wave propagation. The experimenters are just more used to this situation
than the ones in the test.
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3.2 Pointer Synchronization Requirements

Ip a compuler—supportcd oo-opcrauve work (CSCW) environment, cameras and. mlcrophoncq are
- ysually. attached ‘to the users’ workstations. In their next ‘experiment the expcnmemcn “looked ata
busmcss report that contains some data with acoompanymg graphics. All participan(s have a window
wllh these graphics on their desktop where a shared pointer that is uscd in the discussion. Using this
pointer speakers point out individual elements of the graphics which may be relevant to the discussion
taking place. This obviously requires synchronization of the audio and the remote telepointer.

Figure 21; Pointer Synchronization Experiment Based on a Map and on a Technical Sketch

The experimenters cohducled two experiments:

The first was to explain some technical parts of a sailing boat while a pointer locatces the area under
discussion’ (Flgure 21, right side). The shorter the explanation, the more crucial the synchromzatlon

_ turns out to be therefore the expenmenlers selected a fast spcakmg pcrson who was 10 use. fairly.
: " short words. e . Lo - . -

¢ Additionally lhe expenmemers held a second experimenit with the explanahon of a trave!lmg route "
on a map (Figure 21, left side) this involves the'continuous. movement of the pointer.
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Figure 22; Detection of the Pointer Synchronization Errors
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- From. the human perception point ‘of viéw, Ap'(iiri{ei' “synéhrorization is very different from lip
synchromzallon as it is' much more difficult to detect the ‘out of sync’ error at skew values near the
R error-frée casc. While a lip.synchronization error is a matter of discussion for a skews between 40 ms
and 160 ms, for a pointer the values lie between 250 ms and 1500ms; figure 8 shows the some results.
Using the same judgement technique as in their first experiments, the ‘in sync’ area related to audio
ahead of pointing is 750ms and for pointing ahead of audio it is 500 ms (Figure 22). This zone allows
for a clear definition of- the“in sync’ behavior regardless of the content. .
The “‘out of sync’ area spans a skew, bcyond -1000 ms and beyond +1250 ms.. At this- pomt lhe test -
 candidates began to mention that the skew makes the attempted synchronization worthless and became
distracted unlcss the speaker slowed down or moved the pointer more slowly From the user interface
-perspective, this is not acceptable quite clearly-the practise of pointing io o€ location on ‘the technical
figure while discussing another is virtually impossible.
In the ‘transient’ area the cxperimenters found that-many lest candidates noticed the ‘out of sync’
cffect but it was not mentioned as annoying. This is certainly different from ‘lip sync’ where the user is
morce sensitive Lo the skew and without question found it annoying.
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Figure 23: Level of Anhoyati"c.‘e of the Pointer S ynchro'n.izalior; Errors

Figure 23 shows the number of pcople who disliked or are indifferent towards the pointer
synchronization error. It is worth mentioning that for scveral skew: values most of the test candidates
detected.the fault but.did not object to such a-skew, hence the broad “in sync’ and-“tfansiént’ area.-

33 Eleméhtary Media_Syhchroniz.ation'-.. : - : A
Lip synchronization and pointer synchronization were investigated due to inconsistent results from

available sources. The following summarizes other synchronization results to give a complete picture of
synchronization requirements.

Since the beginnings of digital audio the ‘jitter’ to be tolerated by dedicated hardware has becn studied.
Dannenberg provided us some references and the following explanations of these studies: In [30] the
maximum allowable jitter for 16 bit quality audio in a sample period is 200ps, which is the error
equivalence to the magnitude of the LSB (least significant bit) of a full-level maximum-frequency 20
KHz signal: In {31] sonie perception experiments tecommiended an allowable jitter in an audio samplc
period between 5 and 10 ns. Further perception experiments were carried out by [32] and [33], the
maximum spacing of short clicks to obtain fusion intoone continuous tone was given at 2ms (as cited
by [34]).

The combination of audio and animation is usually not as stringent as lip synchronization. A
multimedia course on dancing, for example, could show the dancing steps as animated scquences with
accompanying music. By making use ol the interactive capabilitics, individual sequences can be
viewed over and over again. In this particular example the synchronization between music and
animation is particularly important, expcricnce showed that a skew of +/- 80ms fulfills the uscr
demands despilc some possible jitter. Nevertheless, the most challenging issue is the correlation
between a noisy cvent and its visual representation, where a case could be the simulated crash of 2 cars.
Here we encounter the same constraints as for lip synchronization, +/- 80 ms.

Two audio tracks can be tightly or looscly coupled, the cffect of related audio streams depends heavily
on the content:



A stereo signal usually contains information about the location of the sources of-audio:and is tightly
1 -: cotipled.-The torrect processing of this mformahon by the hufrian brain can only be accomphshcd if

the phases of the-acoustic signals are delivered correctly. This demands for a skew less than the dis-

i  tance between consecutive samples leading to the order of magnitude of 20 ps. [35] reports that the

perceplible phase shift between two audio channels is 17ps. This is based on a headphone listening
experiment. Since a varying delay in one channel causes the apparent location of a sound’s source to
move, Dannenberg proposed 1o allow an audio sample skew between stereo channels within the

boundaries of +/- 11us. This is derived from the observation.that a one-sample offset at a samplerate ™ "

of 44kHz can be heard.

¢ Loosely coupled audio channels are a speaker and, e.g., some background music: In such scenarios,
-we experience-an affordable skew-of:500 ms. The most stringent loosely coupled oonﬁguratlon has
been the playback of a dialogue where the audio data of the participants originate from different
sources. The experienced acceptable skew was 120 ms.
The combination of audio with images has its initial application in slide shows. By intuition a skew of
about 1s arises'which can be explained as follows [36]: Consider that it takes a second or so to advance
a slide projector. People sometimes comment on the time it takes to change transparencies on an
overhead projector, but rarely worry about automatic slide projectors.
A more claborated analysis leads to the time constraints equivalent to those of pointer synchronization.
The affordable skew decreases as soon as we encounter music played in correlation with notes for, e.g.,
tutoring purposes. [36] points out that here an accuracy of 5 ms is required: Current practice in music
synthesizers allows delays ranging up to S ms, but jitter is less than total delay. A 2 ms number refers to
the synchronization. between - the. onset times of lwo nommally 51mullaneous nolcs or the llmmg .

s 'accUracy of potes in sc,quencc $eé-also [3’7] {34] [38]

The synchronized prcsenldllon of audio with some text is usually known as audio annotation in
documents or, e.g., part of an acoustic encyclopedia. In some cases the audio provides further acoustic
information to the displayed or highlighted text in terms of ‘audio annotation’. In an existing ‘music

dictionary’, an antique instrument is described and s1mullaneously played. ‘An-example for a stronger ...

correlation ‘is. the- playback of 4 hlstoncal specch of, e.g., J.E Kennedy with simultaneous translation .

- into-a-German-text. This text-is. drsplayed ina scparale window and must rélate closely to the actual

.. dcoustic sxgnals The same applies 1o the teaching of a language where in a playback mode the spoken

word is simultaneously highlighted. Karaoke systems are another good example of necessary audio and
text synchronization.

For this type of media synchronization the affordable skew can be derived from the duration of the
pronunciation_ of short words which..last in.the order of magmlude of 500 ms.. Thercfore the
experimentally verified skew of 240 ms lS affordable

The synchronization of video and text or video and i image occurs in two distinct fashions:

In the overlay mode, the text often .is an additional description to -the-displayed moving image-
sequence. In'a video of playing billiard, the image is used to denote the exact way of the ball after
the last stroke. The simultancous presentation of the video and the overlaid image is important for
the ‘orrect himan’ perception of this synchromzcd data. The same applics to a text which is dis-
playcd in conjunction with the related video images: Instead of having the subtitles always located at
the boltom, it is possible to place text close to the respective topic of discussion. This would cause
an additional cditing cffort at the production phasc and may not be for the gencral usc of all types of
movics but, for tutoring purposes some short text near by the topic of discussion is very uscful. In
such overlay schemes, this text must be synchronized to the video in order to assure that it is placed
at the correct position. The accurate skew value can be derived from the minimal required time. A
single word should appcar on the screen in order to be perceived by the vicwer: 1 s is certainly such
a limit. If the media producer wants to make use of the flash eflect, then such a word should be on

the screen for at least 500 ms. Thercfore, regardless of the content of the video data we encounter
240 ms to be absolutely sufficient.

. In the sccond mode no overlay occurs, skew is less serious. Imagine some architectural drawings of
mediceval houses being displayed in correlation with a video of these building: While the video is



showing today’s appcarance, thc image presents the floor plan in a separate window. The human per-
i ception of even snmplc images requircs at least 1-s, we can verify this value with an experiment with
e slides: thé successive projector of nan-coirelated images req.ulres about 1s, as"the intcival bétween
the display of.a slide and the next one in order to catch some of the essential visual information of
i the slide. A synchronization with a skew of 500 ms (half of this mentioned 1 s value) between the
" video and the image or the video and text is sufficient for this type of application.
Consider the billiard ball example from before: a video shows the impact of 2 billiard balls and the
image of the actual ‘route’ of one of the balls is shown by an animated sequence. Instead of a series of
static images, the track of the second ball can be followed by-an animation which displays the route of
" the ball across the table. In this examiple any ‘out of sync’ effect is immediately visible. In order for
. humans to be able to watch the ball with the perception of a moving picture, this ball must be visible in
. several consccutive adjacent video. frames at-a slightly different positions, an acceptable result can be -
achieved if every 3 subsequent frames the ball moves by it’s diameter. A smaller frame rate may result
in the problem of continuity as often secn in tennis matches on the tclevision. As each frame last about
40ms and 3 subsequent frames are needed, an allowable skew of 120 ms would be acceptable. This is
very tight synchronization figure which has been suitable for the examples the expcrimenters looked at.

Other examples where video and animation are being ever more combined is that of computer
generated figures in films.

Multimedia systems also incorporate the real-time processing of control data. Telcsurgery is a good
example where graphical information is displayed bascd on readings taken by probes or such like

instruments. No overall timing demand can be stated as thesc issues highly depend on the application
itself.

"4 A Reference Model for Multimedia Synchronization

- A reference model is needed to: understand the various requiréments for multimedia synchronization,
identify and structure runtime mechanisms that support the execution of the synchronization, identify

_~1nterfaces between runhme mechanisms; ‘and compare systcm solutlons for mulhmedna synchronization - =

systemis:

To this end we first describe existing classification and structuring methods. Then.a four fayer reference
~ model is presented and used for the classification of multimedia synchronization systems in our case
studies. As many multimedia synchronization mechanisms operate in a networked environment, we

also discuss special synchromzatnon issues in a distributed environment and their relatlon to lhc
reference model. : : : : :

4.1 Existing Classification Approaches
An overall classification was introduced by Litte and Ghafoor [25]. They identify a physical level,

system level;- and. a humian:level, but give no-detailed description or ‘classification criteria’ Other”

classification schemes distinguish between intrastrcam (finc-grain) synchronization and interstrecam
_ (coarse-grain) synchronization or between live and synthctical synchronization [25]-[39}.

The model of Gibbs, Breitencder, Tschichritzis [40] maps a synchronized multimedia object to an
uninterpreted byte stream. The multimedia objects consist of derived media objects comprised of
rearranged media sequences, c.g. scenes from a complete video. The parts of the media scquences arc
themsclves part of an uninterpreted byte stream.

Ehley, Furth and llyas [41] classify intermedia synchronization techniques, that are uscd to control jitter
_between media strcams according to the type and location of the synchronization control. They °
distinguish between a distributed control based on protocols, distribution based on servers and

distribution on nodes without scrver structure. For local synchronization control, they distinguish
control on scveral layers and the use of local servers.

These classification schemes scem to be orthogonal, and cach onc of them only captures some specilic
aspects. They do not fulfill the above stated requirements of the synchronization reference model.



n improved three layer classification schema has been proposed by Meyer, Effelsberg and Steinmetz *
42] The layers-are: the media layer- for intrastréam_ synchronizafion of time-dependent media, the

‘slream layer for interstream synchronization of media streams, the object layer for the preséntation,
Z’including the presentation of time-independent media objects, and the specification layer for authoring
“‘complex multistream multimedia applications. At each layer typical objects and operations arc
identificd. Each layer can be accessed directly by the application or indirectly through higher layers.
This approach fulfills the demands of a reference model approach and we will enhance and mlerprel it
appropnatcly in the followmg . : : :

4.2 The Synchronization Reference Model
‘A four layer -synchronization reference ‘model -is 'shown in -Figure  24. Each layér implemeénts
synchronization mechanisms which are provided by an appropriate inteérface. These interfaces can be
used 1o specify and/or enforce the temporal relationships. Each interface defines services, i.e. offering
the user a means (o define his/her requirements. Each interface can be used by an application directly, or
by the next higher layer to implement an interface. Higher layers offer higher programming and Quality
of Service (QoS) abstractions.

Multimedia application

~\\'\\\\§ \E j

Figure 24: Four Layer Reference Model

For cach layer typical. objects.and ,opéralionsu. oﬁ these obje.c(s are described in the following. The

_semantics of the objects and the operations are the main criteria for assigning them to one of the layers. - -

Detailed programming examples derived from a real interface provided by a real product, prototype, or
standard demonstrate how synchronization can be achieved through this layer.. The scenario for ‘the. .
"‘programmmg example is 10 display subltitles at prcdeﬁned times during the playout of a digital movie.

4.2.1 Media Layer

At the media layer an application opcerates on a single continuous media stream, which is trcated as a
scquence of LDUs.

The abstraction offered at this layer is a device-independent interface with operations like read
(devicehandle, LDU) and write(device-handle, LDU). Systems such as ActionMedia/ll’s audio-vidco
kerncel [43], or SunSPARC’s audio device [44] provide the corresponding interfaces.

To sct up a continuous média stream using thesc abstractions offered by the media layer, an application
exccules a process for cach stream in the manner shown in the following example:

window = open(“Videodevice“); \\ Create a video output window
movie = open(“File“); \\ Open the video file
while (not eof(movie)) ( \\ Loop

read(movie, &ldu); \\ Read LDU

if (ldu.time == 20) \\ Start the presentation



print(“Subtitle 1"); \\ of the synchronized subtitles
. else if (ldu.time == 26) . .

. ey prlnt(“Subtitle 2*); e e e ) - RS
i wrlte(window, 1ldu);} . " \\ Present LDU '
close(wiﬁdow), \\ Close window
close(movie); \\ Close file

The process reads and writes LDUs in a loop as long as data are available. Synchronous playout of a
subtitle is achieved by polling the time stamps of the LDUs to have a certain value.

Using this layer the application itself is responsible for the intrastream synchronization by using flow-
control mechanisms between a producing and a consuming device [45]. If ‘multiple streams run in
parallel, .then the sharing of rcsources may effect their real-time requirements. Usually a resource
reservation and -management scheme allows for guaranteeing intrasiream synchronization [46]. The
operating system schedules the. corresponding process in real-time [47]; in distributed systems the'
networking components are taken into account [48],[49). In the special case of lip synchronization the
interstream synchronization can be provided easily, where simultaneous audio and video frames are
interleaved within the same LDU (e.g., ActionMedia-II's audio-video support system [43] and the
MPEG data stream [24]). Finally, the synchronous playout of time-independent media objects and user
interactions is a task to be performed by the application.

Media layer implementations can be classified into simple implementations and implementations that
provide access to interleaved media streams.

4.2.2 Stream Layer

The stream layer operates on continuous medla streams as well as on groups of media streams. In a

L 'group, all streams aré prescnled in parallel by usmg mechamsms for inlerstream ﬂynchrommtlon

‘The abslrachon o[fercd by the. strcam layer is thé notion of-streams with timing paraméters ooncerntng"'
the QoS for intrastream synchronization in a stream and interstream synchronization between streams
of a group.

Continuous media is seen in the stream layer as a data flow with implicit time constraints, individual
. _LDUs are not visible. The streams are executed in a real-time environment (RTE) where all processing -

" is constrained by well defined time specnﬁcauoas [50). On the other hand, the applications themselves . .

that are using the stream layer services are.executed ina non real- time env1ronmenl (NRI'E) whcrc the’
processing of events is controlled by flic operating sysiem schedu]mg pohcxes

Typical operations invoked by an application to manage streams and groups from the NRTE are: start(
stream), stop(stream), create_group(list_of streams), start(group), and stop(group). The interaction
with time-independent media.objects-and user interactions is performed by the attachment of events to
the continuous media streams (e.g.  sefcuepoint(streani/group, at, event)). Such an event is sent to the
application whenever the stream reaches the specified point duting playback. At this layer the
application is furthermore in charge of any time-independent media object and user interaction

processing. This leads to different application interfaces for continuous media and for time-independent
media and uscr interactions.

The Sync/Stream Subsystem of IBM’s Multimedia Presentation Manager (MMPM) for OS/2 provides a
sct of services which can be used to implement data streaming and synchronization. This subsystem,
which can be understood as the RTE, is comprised of the Sync/Stream Manager and scvcral stream
handlers {10]. Stream handlers are responsible for controlling the continuous data flow in real-time.

The Sync/Stream Manger provides a resource management and controls the registration and activitics
of all strcam handlers.

The following programming cxample for the use of the strcam laycr uscs the string command interface
provided by the MMPM.

open digitalvideo alias ex \\ Create video descriptor

load ex video.avs \\ Assign file to video descriptor
setcuepoint ex at 20 return 1 \\ Define event 1 for subtitle 1
setcuepoint ex at 26 return 2 \\ Define event 2 for subtitle 2

setcuepoint ex on \\ Activate cuepoint events



play ex ] o Y Start playlng

. .
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AR ':éwiﬁcn'réadevéné() (. g \\ Event handllng
. case 1: display(“Subtitle 1") \\ If event 1 show subtitle 1
case 2: display("Subtitle 2%) \\ If event 2 show subtitle 2
}
In MMPM/2 interstream synchronization for synchronized playback of multiple streams within a group

is achicved by a master/slave algorithm, where one stream (the master) controls the behavior of one or

more subordinale strcams (the slaves). The skip/pause algorithm-introduced in [51] gives a detailed
discussion in the implementation of such a-behavior. The synchronization mechanism in ACME [7] as
well as the Orchestration Service. [8] support stream layer abslracllons for dlstnbuted mulllmcdla -
systems. e Ch e e o : '
The stream layer abslracuon was denved from the abstraction normally provided by the integration of
analog media in the computer system. In the Muse and Pygmalion systems of MIT’s Project Athena
[21] or in the DiME [39] system, continuous media were routed over separated channels through the
computer. The connected devices could be controlled by sending commands via the RS-232C interface
to start and stop the media streams. In such systems, live synchronization between various continuous
media streams is directly performed by the dedicated processing devices.

Stream layer implementations can be classified according to their support for distribution, to the types
of guarantees that they provide and to the types of supported streams (analog and/or digital).

An application using the strecam layer is responsible for starting, stopping and grouping the strcams and
for the definition of the required QoS in terms of timing parameters supported by the stream layer Il is
also. n.sponsxble for, the synchromzallon wnh llme mdcpendcn[ medm objects Cl -

4.2.3 ObJeLt layer

The object layer operates on all types of media- and hides the differences between discrete and
continuous media.

The abstraction offercd:to-the appltcauon is that of a complete, synchronized’ presentation. This layer~-- :
* takes.a’ synchromzatlon specnﬁcallon as mput and is responsible for the correct schedule of the overall - -
presentation. From our understandmg, thc abslracuons are snmllar to the’ object model’ _presented in
[28].

The task of this layer is to close the gap belween the needs for the execution of a synchronized
presentation and the stream-oriented services. The functions located at the object layer are to compute
and exccute complete presentation schedules that include the presentation of the non-continuous media
objects and the calls 10 the stream layer. Further, the object layer is responsible for initiating preparation
actions that are necessary for achicving a correctly synchronized presentation. The object layer does not

handle the interstream and intrastream synchronization. For these purposes, it uses the services of the
stream layer.

An example of interfacing this laycr is an MHEG [ 11] spccnﬁcallon The scope of the MHEG slandard
is the coded represcntation of final form multimedia and hypermedia information objects. In the
following, we give a rudimentary cxamplc of how our scenario might be coded in the MHEG standard
(using a simplc notation in order to demonstrate the essentials of our reference model here):

Composite { A\

Composite object
start-up link \\

How to start the
\\ presentation

viewer start-up

viewer-list T ) \\ Virtual views on

Viewerl: reference to Componentl \\ component objects
Viewer2: reference to Component2
Viewer3: reference to Component3

Component]1 \\ Component objects

reference to content “movie.avs” \\ of the composite
Component2

reference to content “Subtitlel”
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Component3
reference to content “Subtitle2”

! Link1 R - B Pt + .. \\ Temporal relations
{ P “when timestone status of .Viewerl )
; becomes 20 then start Viewer2”
' Link2
“when timestone status of Viewerl
becomes 26 then start Viewer3”
}

A possible implementation of the object layer is an MHEG runtime system, the MHEG engine. The
. MHEG engine evatuates thé status of the objects and perforims operations (actions) like prepare, run,
stop, or destroy on these objects. In the case of time-dependent media objects, the run operation may be
mapped to the initiation of a media stream on the strcam layer. In the case of a time-independent media .
object, this ¢all directly demands the object to 'be presented. Prepare times are necessary, for example,
to allow the stream layer to build up a stream connection or in the case of time-independent media
objects to prefetch the presentation, e.g. to adapt the picture color maps to the maps of the output
device. The preparation is started by the prepare action.
Object layer implementations can be classified according to their distribution capabilities and lhe type
of presentation schedule computation. It can be distinguished whether the implementation calculates a
schedule and, if it calculates one, whether the schedule is computed before the presentation or at
runtime of the presentation. Concerning distribution, implementations may be local, may support
distribution based on a server structure or full distribution without restriction.

The task of the application using the object layer is to provide a synchronization specification.

4.2.4 Specification. Layer e Con T e :
The specification layer is an open layer It does not offer an exphcnt mler[ace At this layer apphcahone
and tools are located that allow to create synchronization specifications. Such tools are synchronization
editors, multimedia document editors and authoring systems. Also tools for converting spéciﬁcations to
an object layer format are located at the 9pec1ﬁcauon layer. An example of such a conversation tool is'a
,mulumedia document formattér. that produces:an MHEG specxﬁcauon as proposed by Markey [52]
For example, the synchromzauon editor of the MODE system [15] may be, used to specify the
synchronization example. It offers a graphical interface to select the video-and text objects to use, to
preview the video, to select suitable points where the subtitles have to be shown, to specify the temporal
relation of this point to the subtitle and to store the synchronization specification.

The specification layer is also responsible for mappmg QoS rcqu1remems of the user level to the
qualities offered at the object layer interface.

Synchromzatlon specnﬁcatlon methods can be classnﬁed in the followmg main calcgoncS'

Interval-based specifications which allow to specify temporal rclatlons between the time mtcrvals of
the prcsentauons of medla objects

Axes-based spec:ﬁcatlons which relatc presenlauon cvents to axes thal are sharcd by thc objccts of
the prcscntallon

Control flow-based specmcauons in which at given synchronization points the flow of the presenta-
tions is synchronized.

Evcent-based specifications in which events in the presentation of media trigger presentation actions.

4.3 Synchronization in a Distributed Environment

Synchronization in a distributcd cnvironment is more complex than in a local cnvironment. This is
mainly caused by the distributed storage of synchronization information and location of media objccts
involved in a presentation at different locations. The communication between the storage and the

presentation site introduces additional delays and jitter. Often we also encounter multi-party
communication patterns.



4.3.1 Transport of the Synchronization Specification ,
]At the sink node; the prescntmlon cofmponent needs o have the sync‘hromzalnon spccnﬁcahon af least ai
‘the moment an object is to be displayed. We distinguish betwceen three main approaches for the delivery

- as parameter, The implémentation of this approach is simple and it also allows an easy handling in -

¢ L . -
+of the synchronization information to the sink:

Delivery of the complete synchronization information before the start of the presentation: This
approach is often used in the case of synthetical synchronization: Typically the application at the
sink node accesses the object layer interface with the specification or a reference to the spemﬁcatlon

~the case of several source nodes for the media objects. The disadvantage is the delay caused by the
transport of the synchronization specification before the prcsentatlon, cspeclally if ‘it -is stored on

. another node. The ‘transport of the synchrofiization specification is a duty of a component focated at '

the object layer or above.

Use of an additional synchrenization channel: This approach shown in Figure 25 is useful in the
case of one source node only. It is used and is preferable in the case of live synchronization when the
whole synchronization information is not known in advance. No additional delays are caused by this
method. A disadvantage is that an additional communication channel is needed that may cause
errors duc to délay or loss of synchronization specification units. It is often forgotten that the infor-
mation on the synchronization channel must be decoded at the time the respective object is to be dis-
played. L.e., data communication at this channel must obey certain time behavior. Also the case of
multiple source nodes for synchronized media objects is difficult to handle. The synchronization

channcl has to be handled by the object laycr possnbly supporled by the stream layer, if the synchro-
nization channel is defincd as a slream

Yideo :
Source. | __ — Audio : .Sink {

Synchironization -

Figure 25: Use of a Separate Synchronization Channel

Multiplexed data streams: The advantage of multiplexing data streams on one communication

- channel (Figure 26) is that the related synchronization information is delivered fogether with the .

media units: No additional synchromzauon channel i is necessary and no additional delay is caused .
-by this approach. An important problem rcgardmg muluplexcd media and synchromzauon informa- -
tion is the difficulty of selecting an appropriate QoS which matches the requirements of all involved -

... medias, e.g. reliabjlity. is dominated.by.the most stringent media objects. “This méthad is also diffi-- :

cul{16 use for multiple source nodes. It has 1o be supported by the stream layer.

The use of multiplexed data streams may be implied by coding standards like MPEG. MPEG defines-
a bilstrcam combing video, audio and the related synchronization information. Hence, this type of
bitstrcam can be regarded as one medium on the stream layer and for the synchronization with other
media, the other approaches can also be chosen.

Video
Source | multiplexed Audio Sink
Synchronization

Figure 26: Multiplexed Media and Synchronization Channels



43.2 Location of Synchronization Operations

In some cases it is possible to synchronize media objccts by oombmmg the objccts into a new mcdn.
ébject. Thls approach may be used to reduce communication resource demands, as shown-in Frgurc 27.-
ln this case an animation and two bitmaps which have to overlay a video scquence arc alrcady merged
at the source node to become a new video object in order to reduce bandwidth demands.

Synchronization at the sink node

s R EERA -

NN OSOOSSOiihis)y SRSy —— /33
YL /1Y, /
Bandwidth- :

Source demand Sink

Synchronization at the source node

I \
SERRRESESA R aasERuRY]

Figure 27: C ombihing Objecfs to Reduce Cormmunication Resource Demands

The mixing of objects including time-independent media objects has to be supported by the object
layer. The mixing of media streams like mixing audio channels has to be supported by the stream layer.

433 Clock Synchromzatlon - : : -
In distributed systems the synchronization accuracy between lhc clocks of lhe eource and smk nodes
has to be considered. Many synchronization schemas demand knowledge about the timing relations.

This knowledge is the base for global timer based synchronization schemas as well as for schcmas that
demand that operations on distributed nodes are timely coordinated to ensure on one hand the in-time
delivery and on the other hand that the operations arc not performed 10 éarly to avoid a buffer overflow.

Source A Audio Ni,
Ty, 0, ’
Sink AV
THV
Tv, Ov
Source V' Video Ny

Figure 28: Clock Offsets in a Distributed Environment

This problem is especially important for the synchronization in the case of multiple sources (Figure 28).
I{ a synchronized audio-video presentation should start at time T,, at the sink node, the audio
transmission of Sourcc A has to start at T,=T,,-N;,-O,, with Ny, as thc known net delay and S,, the
offsct of the clock of node A, with respect to the clock of the sink node. For source node B the start time
of the video transmission is T,=T,,-N,,-O,,



The offsets O, and. g, are not known.-The resulting problem-of delivery to the sink in time ¢an bé .
§o’lved if the maxnmal possible valies for O, and O, are known. Then it is possiblé 10 alldcaie buffer -
© capacities at the sink and to start the transmission of the audio and video in advance to guarantee that
’.‘lhc required media units arc available. Becausc the necessary buffer capacity at the sink node depends
on the possible offset and we must assume limited buffer capacity, it is necessary to limit the maximal
offset. This can be achieved with clock synchronization protocols like the Network Time Protocol [53]
that allows to synchronize the clocks with an accuracy in the range of 10 ms. With the use of pUbllC
broadcast timer signals submillisecond accuracies are practical[54]. ‘ - '

This accuracy is suitable for global timer synchronization and for dlsmbuled operation schedulmg

The in-time delivery of LDUs of a stream is a task of the stréam layer that has to handle the clcck )
offsets. For in-time delivery of time-independent media objects the objéct layer is responsxble

4.3.4 Multiple Communication Relations

Possible communication patterns are shown in Figure 29. Patterns with multiple sinks demand that at
runtime multicast and broadcast mechanisms be used to reduce resource requirements, in particular
network resources. Also inefficient multiple executions of the same operation at the different sinks
should be avoided. The multicasting of streams is task of the stream layer Efficient planning of
operation exccution in the different communication patterns is a responsibility of the object layer.

Sources : Sinks

n:1

1in

5 =

Sources Sinks

Figure 29: Multiple Communication Relations

4.3.5 Multi Step Synchronization

‘The synchronization in a distributed environment is typically a multi-step process. Durm&, all steps of
the process, the synchronization has to bie maintained in a way that enables the sink to perform the final
synchronization. The steps of the process are:

* Synchronization during object acquisition, ¢.g. during digitizing vidco frames
¢ Synchronization of retrieval, ¢.g. syachronized access to frames of a stored video

Synchronization during delivery of the LDUs to the network, c.g. detivering the frames of a video to
the transport service interface
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‘e Synchronization during the transport, ¢.g. by isochronous protocols

. Synchromzatron at the sink,.i.c. synchromzed delrvery to the output devrccs R
b Synchromzatmn within the output device’ '

{4.3.6 Manipulation of the Presentation
The support of functions like pause, forward and backward with dillerent presentation speeds, direct
access, stop and repeat, is difficult in a distributed environment. The nccessary information must be
distributed in the environment, objects that have alrcady been. prcparcd in advance for the presentation
- have to be deleied; nictwork conriections may be subject to change or must be rebuilt. Therefore, delays
in the execution of this manipulation functions are difficult to avoid.

4.3.7 Consequences for the Synchronization in a Distributed Environment

To achieve the synchronization in a distributed environment, a lot of decisions have to be made. A first
decision is the selection of the type of transport for the synchronization specification. In runtime,
decisions have to be taken concerning the location of the synchronization. operations, handling of the
offsets of the clocks and the handling of multicast and broadcast mechanisms. Especially a coherent
planing of the steps in the synchronization process, together with the necessary operations on the
objects, e.g. decompression, has to be done. In addition, presentation manipulation operations demand
for additional replanning at runtime.

In gencral, the execution of synchronized distributed presentations is a complex planning problem. The
resulting plan is often known as schedule.

. 4.4.-Aggregate Characteéristi¢s of the Synchronization Réference Model o

.. The reference model allows for structuring and classi{ying synchronization systems. The identification
of the interfaces and layers enablcs one to combine existing, solutions to complete systems. Table 2

provides an overview of the interface abstractions and tasks of all layers of our reference model.

-

g Layer 2 BN Interface Abstractron e ¢ Tasks

Specification | *- The tools performing’ the tasks | ° 'Edllmg ‘
of this layer have interfaces, the | .

. h Formatting
layer itsclf has no upper interface.

* Mapping user-oricnted QoS to
the QoS abstraction at the object

layer
Object 1 * Synchronization Spccification * Plan and coordinate presentation
* Objects that hide types of scheduling
encloscd media ' * Initiate presentation of time-
* Mecdia-orientcd QoS (Interms of | - dependent media objects by the
acccplable skew and acceptable strcam laycr
jitter)

* Initiate presentation of time-
independent media objects

¢ Iniliate presentation preparation
actions

Table 2: Overview of the Synchronization Reference Model Layers



Layer - - Interface Abstraction | . .~ Tasks"

v

¢ Stream * Stréams and groups of streams. | = Resource  reservation  and
; ¢ Guarantecs for intrastream scheduling of LDU processing
synchronization

¢ Guarantees for interstream
synchromzauon of slrcams in a|

‘group’.

Media Dev:ce mdcpendcnl access to | * File and device access
* Guarantees for single LDU
processing

Table 2: Overview of the Synchronization Reference Model Layers

The classification of mechanisms and methods in the layers is summarized in Table 2.

Layer Classification items

Specification | Synchronization specification method
¢ Interval:-based synchronization

s . Axes-based synchronization -

* Control flow-based synchronization
* Event-based synchronization

| Type of. lool

Texulal specnﬁcallon tool
. H Graphlcal specification tool
A Converter '

Object Type of distribution

* Local

he _.l)fislribixted,_,bascd on servers .
<. Distributed without server-usage

Typc of schedule compulduon
“No computalion ’
. Compllcllmc computation
"¢ "Runtime computation .

Stream Type of distribution
* Local
* Distributed

Type of guarantees [or stream QoS
* No guarantees for QoS, best cffort

*  Guarantees for QoS by resource reservations .

Tuble 3: Classification of Methods and Mechanisms at the Synchronization Reference Model
Layers



Layer Classification items

[~ FMedia © - | Typeof accessible data :
¢ Single medium data
* Interleaved, complex data

Table 3: Classification of Methods and Mechanisms at the Synchronization Reference Model
Layers

5 Synchronization Specification

A synchronization specification of a multimedia object describes all temporal dcpendencies of the
included objects in the multimedia object. It is produced using tools at the specification layer and is
uscd at the interface 10 the object layer. Because the synchronization specification determines the whole
presentation, it is a central issues in multimedia systems. In the following, requirements for
synchronization specifications are described and specification methods are described and evaluated.

A synchronization specification should comprise:

* Intra-object synchronization specifications for the media objects of the presentation
* QoS descnptlons for the intra-object synchromzallon i ‘ .
. InteraQbJect synchtomzauon spectﬁcatlons for the medla ob]ecls of the prosemamm e

" QoS descrlptlons for the mter-objecl synchronization

The synchronization specification is part of the description of a multimedia- object In addition, for a
multimedia object, it may be described in which presentation form, respectively in which alternative
‘presentation forms, a media object should be presented. For example a-text could be presented as text
* - “on the screen or as generated-audio sequence A speclﬁcauon may allow only one of lhese ora selecuon

- ..of the pr&sentatlon form at runtime.

In the case of live synchronization, the temporal relations’ are lmpl icitly defined durmg capturmg QoS -
requirements for single media are defiried before starting capturing.

In the case of synthetic synchronization, the specification has to be created explicitly. Several synthetic

synchronization specification methods have been described in the literature. The most 1mporlant are
classified, surveyed and evaluated in the following sections. -

5.1 Quality of Service
. The necessary Quality of Service depends on the media and application.. -

5.1.1 Quality of Service for a Media Object : C : :

The Quality of Service spccnﬁcauon for a media object includes lhe quahty concerning single LDUs of
a media object and the accuracy with which the temporal relations between the LDUSs of this media
objects must be fulfilled if the media object is a time-dependent object.

Tablc 4 shows somc QoS parameters for a media object. The white boxes contain qualitics that arc
independent of temporal relations. The light shaded boxes contain timing related qualities that are
under the limited influence of the presentation system because the quality depends on the quality
sclected during the capturing. Usually only quality degradation via the prescntation system is possible.
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- context: of: mulumudm it also applies to, local systems. If andio and vxde.o parts of a film are stored’ as -
" different entries in a ddldde(. lip synchromzahon accordmg 10 the above mentioned results should be

The dark shaded boxes contain ummg qualmcs which -are polcmmlly undcr full conlml of- the

’incscnlallon EOVIIONMENL: ., .o+ 4o, L. e e i
Media Image Video Audio
(e.g. bitmap)
Quality of Color Depth Color Depth Lin. or log.
Service. . : % o ‘ sampling -
Resolution Resolution Sample Size

Tuble 4: Some QoS for the Presentation of a Media Object

5.1.2 Quality of Service of Two Related Media Objects

Synchronization requirements can be expressed by a QoS specification, one QoS parameter can define
the acceptable skew within the concerncd data strcams, namcly, it defines the affordable
synchronization boundarics. Thc notion of QoS i is well established in communication systems; in the . -

taken into account.

In this context we want to introduce the notion of presentation and production level synchronization:

Production level synchronizatian refers to the QoS 1 be guaranteed prior {o the presentation of tre

.- dala at the user interface, It typically involves the recording of synchromzed ‘data’ for subscqucnl RS
L playback The stored dala should be caplurcd and recorded with no skew at all; i:e. “in-sync”. Thisis .-
. pamcularly applicable if the file is stored in an interleaved format. At the participant’s site the actual

incoming audiovisual data is ‘in sync’ according to the defined lip synchronization boundaries.
Assuming the data arrives with a skew of +80 ms and let audio and video LDUs be transmitted as a
single multiplexed stream over the same transport connection then it will be displayed apparently
“in-sync”. Should the data be stored on the harddisk and presented simultaneously at a local work-
station and {0 a remote spectator then for correct ‘delivery the QoS should be specified as being
between -160 ms and 0 ms. At the remote viewer’s station without this additional knowledge of the
actual skew the outcome might be that by applying these boundaries twice, data is not “in sync’. In

_ general, any synchronized data which.will be further processed should be synchronized according to' -

a production level quality, i.e. with no skew at all.

The presentation requircments discussed in Scction 3 identify presentation level synchronization,’it
defines whatever is reasonable at the uscer interface. It docs not take into account any further process-
ing of the synchronized data; presentation level synchronization focuses on the human perception of
synchronization. As shown in the above paragraph, by recording the actual skew as part of the con-
trol information, the required QoS for synchronization can be casily computed.The required QoS for
synchronization is expressed as the allowed skew. The QoS values shown in Table S relate 1o pre-
scentation level synchronization. Most of them result from exhaustive experiments and experiences,
others are derived from literature as referenced. To their understanding, they scrve as a general
guideline for any QoS specification. During the lip and pointer synchronization experiments we
lcarnt there are many factors which can influence these results. We underStand this whole set of QoS
parameters as first order result to serve as a general guidance, these values may be relaxed depend-
ing on the actual content.



Media Maode, Application : q::rl\l/tz: *
video animation | correlated +/- 120 ms
" audio lip synchronization +/- 80 ms
image overlay +/- 240 ms
nen-overlay. " - +/-500 ms
text overlay +/- 240 ms
ndh-b-\lé'rléy +- 500 ms
audio animation | event correlation (e.g. dancing) +/- 80 ms
-audio tightly coupled (stereo)- | #/-11us
loosely coupled (dialogue mode with | +/- 120 ms
various participants)
loosely coupled (e.g. background +/- 500 ms
music)
image tightly coupled (e.g: music with notes) | +/-5ms .
) loosely coupled (e.g. slide show) +/- 500 ms
text: text annotation +/- 240 ms
. | pointer audio related to the |tem to whlch the ~.500'ms,
e - pointer'shows 1 4750 ms?

Table 5: Quality of Service for Synchronization Purposes

1. pointer prior of audio for 500 ms, audio prior to pointer for 750 ms

5.1.3 Quality of Service of Multiple Related Media Objects
So far, media synchronizauon has béen evaluated as the rclationship between two klnds of media or-.
separate data streams. This is’ the canomcal foundation of all types of media synchronization. In
practice,. we “often encounter more than two telated ‘media streams; a sophisticated multimedia
application scenario incorporates the simultaneous handling of various sessions. As an examplc isa

..video conference where a window displays the actixal speaker atid the #idio énterges frofn an attached ™

pair of speakers, the application is the explanation of new space command station.

Video. and audio data are related by the lip synchronization demands. Audio  and the tclepointer arc
rclated by the pointer synchronization demands. The relationship of vidco data and the telepointer is

then yiclded by a simple combination. In this example we will define the following skews:

max
max
max
max

skew
skew
skew
skew

(video ahead of audio) = 80 ms
(audio ahead_of video) = 80 ms
(audio ahead_of pointer) = 740 ms
(pointer ahead of audio) = 500 ms
leading to the skew

skew (video ahead_of pointer) =< 820 ms
skew (pointer ahead_of video) =< 580 ms

a3



ln general these requirements can be derived casily by the accumulation of the canonical skew as

shown in the above example. The information galhcred by the aggregation of media is of interest for thé . *

¢uscr as'well as for the multimedia system which must provide service according o these values.

gln some cases exist 0o many specifications of a synchronization skew; for example a language lesson
“that includes audio data in English and Spanish as well as the related video sequence. The course
builder enforces lip synchronization between video and audio regardless of the language (+-80ms).
Additionally the sentences need to be synchronized in order to switch from one language to the other,
we chose a figure of 400ms for this case. As lip synchronization' is -more demanding- than.the -

1. max .
2. max.

3. max
4. max
5. max
6. max

we have to find ‘the greatest common denominator’

computed:

skew

skew.

skew
skew
skew
skew

1+2+3+4:

max skew
max skew

.1+2+5+6:_
max'skew
max skew

3+4+5+6:

max skew
max skew

« ‘max
. max
. max
. max
. max
. max

AUV WN

skew
skew
skew
skew
skew
skew

(v1deo ahead_of | audlo spanlsh)
(audio_spanish ahead_of video)

(video ahead_of audio_english)

(audio-english. ahead. of video)::
{video ahead_of audio_spanish)

(audio_spanish ahead_of video)

(vide6Aahead.6f éhdio'éhglish) =
(audlo engllsh ahead_of v1deo) =

(v;deo ahead_of audio_english)
(audio_english ahead_of .video)

(video ahead_of audio_spanish)

(audio_spanish ahead_of video)

=
=

" synchronizafion between the languages, this would'lead to the following skew specification:

80 ms

80" ms

80 ‘ms

80 ms

(audio_english ahead_of audio_spanish) = 400 ms

(audio_spanish ahead_of audio_english) = 400 ms

This spccification consists of a set of related requirements in which ail of them need to be fulfilled, i.e.

(audio_english ahead_of audio_spanish)
(audio_spanish ahead_of audio_english)

" 480 _ms

. For each canonical form, the derived skews are

= 160 ms
160 ms

480 ms’

480 ms

480 ms
In the: second step: thc mosl stringent set of all rcqunrements are. selecled

80
80
80
80

ms
ms .
ms
ms

(audio_english ahead_of audio_spanish) = 160 ms
(audio_spanish ahead of audio_english) = 160 ms

The following step any. set-of synchronlzatlon requ1rements can be chosen from
the above derived calculations: - -

max skew
max skew
“.omax skéw
max skew

(video ahead_of audio_english) = 80 ms
(audlo english ahead. -of. v1deo) = 80 ms,
(audio english’ ahead of audio spanlsh)
(audio_spanish -ahead_of audio_english) = 160 ms

"= 160 s

.In summary, the above. procedures allow. us-to-solve-{two related problems:

arc now ablce to find out the most stringent demands.

If the applications imposc a sct of related synchronization requircments on a multimedia system, we

If a sct of individual synchronization requirements between various data streams is provided, we are

now able to compute the required relationships between each individual pair of streams.

Both issucs arisc in non-trivial systems when estimating, computing or negotiating the QoS as it is
outlined in the next section.

5.2 Multimedia Synchronization Specification Methods

For the complex specification of multiple object  synchronization, including user interaction,
sophisticated specification methods have to be used. The following requirements should be fulfilled by
a such a specification method:



The method shall support object consistency and maintenance of synchronwauon specifications.
Media objects should be kept as one logical unit in the specification.

i

¢- The méthod should supply an: abstraction ‘of the coniténts of a medta ohjccl lhat allows to :pccnl'y
temporal relations that refer to a part of the media object but on the other hand regard the media
objcct as one logical unit.

* All types of synchronization relations should be describable in an easy way.
¢ The integration of time-dependant as well as time-independent media objects has to be supported.

- ¢ The definition of QoS ;equifemehts must be supported by the specification method. Preferablc it
should be expressed directly in the method.

* Hierarchical levels of synchronization havc to be supported lo enable the handlmg of large and com-
plex synchronization scenarios.

In the following sections specification methods are asscssed according to the criteria described above.

5.3 Interval-based Specifications

In the interval-based synchronization specification the presentation duration of an object is regarded as
interval. Two time intervals may be synchronized in 13 different modes [55] [56]. Some of these types
are inversible like after and before. Figure 30 shows a reduced set of 7 non-inversible types according
to [27]. A simple synchronization specification method for two media objects is to use these seven
types.

vetoen. CAT=5 ] Ameens . AT B0
Aovraps B e

-A_»startsB_ _:B——, A finishes B :E ,

A
B

A equals B

Figure 30: Types of Temporal Relations between Two Objects

The enhanced interval-based model {57} is based on interval relations. The basic interval relations have
already been shown in Figure 30. In the enhanced approach, 29 interval relations-that are defined as
disjunctions of the basic interval relations have becen identified as relevant for multimedia presentations.
To simplify the synchronization specification, 10 operators have been defined that can handle these
interval relations. These operations are shown in Figure 31. The duration of a presentation like A or B
as well as the delay §; arc subscts of R, becausc the duration of a presentation as well as of a delay



may not be known in advance. In addmon, for the opcratlons beforeendof delayed, startm endm cross .

. Iand averlaps $; must not- be {0} . e e
. Operations W|th one delay parameter
A A A A
o e S ous 4 _ o
B - B 5

before(d,) beforeendof(d;) - cobegin(d;)  coend(d,)

Operations with two delay parameters

A B | = A A A
o & o & 5, 2 O T8\ %2 9,
B B B B B

while(8;,8,) dclayed(d,,8;) startin(d,,8;) endin(8;,8,)  cross(§;,8,)

* Operation with three delay parameters

A
5\, | 5, 33
. "(.);}.erléps(él‘,sz, d3) -

Figure.31: Operations in the Enhanced Interval-Based Method

A slide show wilh slides Slide;

(1= i < n) and an audio object Audio can be specified in this
model by : o :

Slide, cobegin(0) Audio
Slide; before(0) Slide;,; (1. < i< n- 1)

Lip synchronization between an audio Ob_](:(,l Audio and a video object Video is simply specified by

-:Audio -while(0;0) -Vvideo*" oot
'I‘hc apphcallon example can be skctch as followmg

Audiol while(0,0) Video

Audiol before(0) RecordedInteraction

RecordedInteraction before(0) Bl

Pl before(0) P2

P2 before(0) P3

P3 before(0) Interaction

P3 before(0) Animation

Animation while(2,5) Audio2

Interaction before(0) P4
This model allows to define a duration for time-dependent and time-independent media objects. This
duration is used in the example to specify the duration of the presentation of the objects picture 1 to
picture 3. The open duration of the user interaction can be specified by defining the duration as {E)l+0}.
The advantage of this model is that it is casy to handle open LDUs and therefore to handle user
intcraction, It is possible to specify additional indeterministic temporal relations by defining intervals



“for durations and delays. Disjunction of operators can be used for specifications of presentation
elations like not parallel. Therefore it is a very ﬂex1blc model lhat allowg the cpecnﬁcatlon of .
.. .pr%entatlons with'many runtime presentation varfations."- - R .
The model does not mclude skew specifications. Dcsplte the direct specification of time relations
ibetween media objects, it does not allow to specify temporal relations directly between subunits of
'objecls Such relations must be defined indirectly by delay specifications, as shown in the while
operation for the animation and audio in the application example, or by splitting the objects. The
flexibility of specifiable presentations may lead to inconsistencies in runtime. An example are two
..video objects A and B for which a not-parallel relation-has been defined. In runtime, A may be running - -
‘and B may be coupled by a before(0) relation to the end of a user interaction. If this user interactions
ends, video B has to be started, but on the other hand it may not be started because of the not parallel

relation. It must be.defined in the-model how such inconsistencies have to be handled in runtimié orsuch - " -~

potential inconsistencies have to be detected before runtime and the specification has to be rejected.

Building of hierarchies is easily definable. The assessment of the enhanced interval-based method is
summarized in Table 6.

Advantages Disadvantages
Logical objects can be kept Complex specification
Good abstraction for media content Additional specifications for skew QoS
necessary

Easy integration of ,time-independg_nt_objécts _Direct specification of time relations
between media objects, but not for subunits
of the media objects

Easy integrétion of interactive objects Resolvmg of mdetermlmsm at runtlme may
= . © v ] tead to inconsistencies.. .

-.R . . T

Specnﬁcatxon of mdetemumstlc temporal
relations supported .

Table 6: Assessment of the Enhanced Interval-based Synchronization Specification

5.4 Axes-based synchronization

In an axes-based specification, the prcscntatlon cvcnts fike the start and end o[ a. prcscntatmn are
mapped to axes that are shared by the objects of the presentation.

- 5.4.1 :Synchronization Based 'oii 2 Global Timiér ~
For synchronization based on a global timer, all single-medium objects are attached to a time axis that

represents an abstraction -of recal time. This 'specification mcthod is uscd, for examplé, in the Athcna

Muse project [21], where synchronization is described by attaching all objects, independently of cach
other, to a time axis. Removing onc objcct does not affect the synchronization of the other abjects.

With modifications, this kind of spccification is also used in the model of active media [S8]. A world
time is maintained which is accessible 1o all objects. Each object can map this world time to its local
time and moves along its local time axis. When the distortion between world time and local time

cxceeds a given limit, resynchronization with world time is required. A time axis mechanism is atso
uscd in QuickTime [59].

Synchronizing objects by mcans of a time axis allows for a very good abstraction from the internal
structure of single-medium objccts and nested multimedia objects. Defining the beginning of a subtitle
prescatation relative 1o a scene in a video stream requires no knowledge of the related video frames.



Since synchronization can only be defined based on ﬁxed pomts of time, problcms ansc if Ob_]CClS
lnclude LDUs of unpredictable duration. - . . )

Morcovcr synchronization based on one common global timer may not be sufficient for expressing the
;synchromzauon relations between different presentation streams. Depending on the coherence of these
presentation streams, synchronization based on a common time axis might be either too strong or too
weak. A possible solution is to define for each pair of media streams an additional QoS.

The use of the global timer demands, that the media streams are able to synchronize themselves to the

global timer, This may. be difficult.for audio streams because of the re-sampling. problems. Thereforc et

often the audio siream is used as global timer. But this still causes difficulties, if several audio streams
have to be synchronized. -

. Figure 32 shows the specification-of the application example. It can be seen thal there is no natural
possibility to handle the unpredictable duration of a user interaction.

Record. UI} . : . Interaction
Audiol | P1|P2|P3| Animation P4
Video Audio2
Y Y YYYY YLLt
?
Figure 32: Time Axis Synchronization Specification Example
- The assessment of the time axeés method is sushmarized in Table7.. -~ T T LTl BT
Advantage A Disadvantages
Easy to understand Objects of unknown duration cannot be
integrated, extensions to the model are
required
Support of hierarchies easy to realize | Skew QoS. has to be specified mdlrectly by

using the common time axis or additional
|- QoS specifications haye to be given- .. .=

Easy to maintain because of the mutual
independence of objects

Good abstraction for media contents

Integration of time-independent objects is
| easy

Tuble 7: Assessment of the Time Axes Synchronization Specification

5.4.2 Synchronization Based on Virtual Axes

Virtual time axcs, as used in the project Athena {21 or the HyTime standard (23], arc a generalization
of the time axis approach. In this specification method it is possible to specify coordinate systems with
uscr-defined measurement units. A synchronization specification is performed according to these axes.
It is also possible to use several virtual axes o create a virtual coordinate space. An example is a music
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description by notes as shown in Figure 33. The tune frcquency is defincd by the position on the note

!ines. The sequence and duration is defined on the axis-with the measurement unitbeat. . .

g Virtual axis with measurement unit pitch

4

Virtual axis with measurement unit beat

Figure 33: Musical Notes as Example of Virtual Axis

The mapping of the virtual axes to real axcs is done in runtime. In the example, shown in Figure 33, the
pitch axis is mapped to the audio frequency and the beat axis is mapped to a timer. ‘

The application example of Figure 13 can be realized in this approach by two time axes and an
interaction axis (Figure 34). The latter should have interaction events as measurements units.

P4
Time axis ~p
- Interaction "
Interaction axis * o Y
.
| Audior. | - P1|P2|P3| Animation
R Record. Ul -
Video Audio2
Time axis ' ’

Figure 34: Virtual Time Axis Specification Example

The assessment of the virtual axes method is summarized in Table 8.

Advantages

Disadvantages

Easy to understand

Skew QoS only indirectly or through
additional specifications defined

Often specification according to the problem
space possible

.Specification may become complex with
many axes

Good possibility for building hierarchies

Mapping of axes at runtime may be complex
and time consuming

Tuble 8: Assessment of the Virtual Axis Synchronization Specification



Advantages: . ... | fe. i Disadvantages

Easy to maintain, because objeots are kept as
units and mutually independent objects

Good abstraction for media content

Easy mtegrauon of time- mdependent medla_
objects

Interactive objects can be included using
spécialized axes.

Table 8: Assessment of the Virtual Axis Synchronization Specification

5.5 Control Flow-based Specification -

In control {low-based specifications, the flow of the concurrent presentation threads is synchronized in
predefined points of the presentation.

5.5.1 Basic Hierarchical Specification

Hierarchical synchronization descriptions [60] [61] are based on two main synchronization operations:
Scrial synchronization of actions and parallel synchromzallon of actions (Flgure 35) In a hierarchical
~_synchronization specifieation, .multimedia objcels are regarded as a’ lrcc conSJSlmg of nodcs Wwhieh -
- denote serial ot parallel presentation of the outgoing Subtrees. .

An action can be either afomic or compound An atomic action hdndles the prcsenmlron of ecither a

single-media objecl or a user input or a delay. Compound actions are a combination of synchronization
operators and atomic actions.

Pic.1 Pic.2 Pic.3 Audio Video

Slid Lip synchronous audio/video
1de sequence presentatlon

Figure 35: Serial and Parallel Presentations

The introduction of a delay as a possible action [27] allows the modelling of further synchronization
behavior like delays in scrial presentations and :delayed. presentations of objects in ‘a- parallel -
synchronization.

Hicrarchical structures are casy (o handle and widely used. Restrictions from the hicrarchical structure
arisc from the fact that cach action can only be synchronized at its beginning or end. This means, for
c¢xample, that the presentation of subtitles at parts of a video strcam requires the video stream to be
splitted into scveral consecutive components. This can be scen in Figure 36 for the synchronization
specification of the animation and the audio block in the example introduced in Scection 2.3.3. The
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-animation has to be splitted in the parts Animation 1, Animation 2 and Animation 3 to be corrcclly
synchromzcd with the audio block.

- ‘;. . .-. ) '_-.., = . I P A B o @R B " i . . 2

4

Pic.1 Pic.2 Pic.3

Audiol Video

Ani.l1 Ani.2 Aud.2 Ani.3 Ul Pic4

Figure 36; Hierarchical Specification Example (RI = Recorded Interaction, Pic. = Picture, Aud. =
Audio, Ani. = Animation, UI = User Interaction)

Accordingly, a synchronized multimedia object used as a component in another synchronization can no
longer be regarded as an abstract unit, if it has to be synchronized betwcen the beginning and end of its
presentation. That is to say, hierarchical structures do not support adequate abstraction for the internal
structure of multimedia objects. In addition, there are synchronization conditions which cannot be .
_represenled using hierarchical structures.. An examplc is-the three objects, shown in Figure 37, which ..
are presented in parallel where any pair of objects is synchronized.but always. independently of the-
third object. To specify this synchronization, additional synchronization points must be used.

% AT ]
ORI b -3 B SGEY ;5 BSCY VE ;3

i oY Gl

Figure 37: Non-describable Synchronization

The asscssment of the basic hicrarchical method is summarized in Table 9.

_.Adirantzigcs _ S -~ -+ - - Disadvantages

Easy to understand T _Addmonal descnptlon of skew QoS .

Natural support of hierarchies - .. - .| For the presentation of time-indépendent

media objects presentation durations must be
added

Integration of interactive objects is easy Splitting of media objects for
synchronization purposes necessary

No adequate abstractions for media objeét
contents '

Table 9: Assessment of the Basic Hierarchical Synchronization Specification



+ - .Advantages - . .. - «" . . Disadvantages .

q Some synchronization scenarios can not be
described

Table 9: Assessment of the Basic Hierarchical Synchronization Specification

-.8.5.2 Reference Points .

In the case of synchronwauon via reference pomls [28] [15] tlme-dependenl smgle-medlum objec(s are
regarded as sequences of closed LDUs. The start and stop times of the presentation of a media-object,
_.and in additjon the.start times-of.the subunits. of {ime-dependent media objects are called reference
points. Synchronization between objects is defined by connecting reference points of media objects. A
set of connected reflerence points is called a synchronization point. The presentation of the subunits that
participate in the same synchronization point has to be started or stopped when the synchronization
point is reached. This approach to synchronization specifies temporal relations between objects without
explicit reference to time.

Like synchronization based on a time axis, this description allows for synchronization at any time
during the presentation of an object, moreover, object presentations of unpredictable duration can easily
be integrated. This type of specification is also very intuitive to use.

A drawback of refcrence point synchronization is that it requires mechanisms for detecting
inconsistencies. In addition, synchronization based on reference points does not allow for the
~ specification of delays in a multimedia presentation. To solve this problem,.Steinmetz [28] proposes
. dime specifications which -specify explicit real-time based delays. The inclusion of timérs also solves -
this problems. The specification based on a global timer can be regarded as subset of the reference point

synchronization: a timer according to Figure 10 can be used as global timer and all objects refer only to
‘this timer.

. In a reference.point synchronization specification, the coherenee belween data streams can be described--

by specilying. a suitabie”set-of “synchrogization points’ between: the two datd streams:’ A-close lip - A

synchronization with a maximal skew of +/- 80 ms can be realized by settmg a synchromzatlon point,
for example, every second frame of a video (Figure 38). If no lip synchronization is required, it may be

sufficient to set only cvery 10 frames of the video a synchronization point. Therefore the specification
of the skew QoS is directly integrated into this specification method.

| Audio

Figure 38: Lip Synchronization in the Reference Point Synchronization Model
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* An example of the synchronized integration of time-dependent and time-independent media objects is

ishown in Figure 39. -Starting and stoppmg o[ a qhdc prcscntauon arc mmated by reachmg sunahlc e

tLDUs in’ the aydié-peésentation.;.” .+ - Toe et R

Slide 1 Slide 2 Slide 3 Slide 4

Au d.io

Figure 39: Example of a Slide Show with Audio Sequence m the Reference Point Model

The application example can be completely specified with the reference point synchronization model as
shown in Figure 40.

Retotd. Ul Interaction
' ! '
Audid1 P1|{P2|P3| |Audio2 P4
LA \
.Vi‘;}ég-; BT migtiop - G S

- Figure 40: Reference Pount Synchromzatton Specification. Example (with the lnlegraaon of Time- - -
dependent and Time-independent Media. Objecls as well as CIosed and Open LDUs5)

Hiérarchies in the reference’ point synchromzatxon method can be created by regardmg a sct of
synchronized objects as one object, with the start of the first object and end of the last object as
reference points. Virtual reference points for this prescntation can be specified and mapped to the
reference points within the hierarchy. The semantic of this mapping can become complex in the case
that objects of unknown duration are included in the hicrarchy. The asscssment of- the reference point-
method is summarized in Table 10.

Advantages Disadvantages

Easy to understand More difficult to maintain because of the
direct description of object relations

Natural description of temporal relations Hierarchies sometimes complex

Easy integration of interactive objects

Integrated description of skew QoS

Easy integration of time-dependent objects -

Table 10: Assessment of the Reference Point Synchronization Specification



~ Advantages | - Disadvantages
4 Time axes-based synchronization can be
1 regarded as special case of the reference

point synchronization method

Table 10: Assessment of the Reference Point Synchronization Specification
5.5.3 Timed Petri Nets ST o
Another type of specification is.based on petri nets [62] [63] lhat are extended wnh durauon
specifications at the. places, a kind of timed. petri nets. -
The rules for such a timed petri net are:
* A transition fires, if all input places contain a nonblocking token.

« If a transition fires a token is removed {rom cach input place and a token is added to-each output
place.

A token that is added to a new placc is blocked for the duration that is assigned to this place.
A slide show can be specified by assigning corresponding durations to the places (Figure 41).

Figure 41: Petri Net Specification of a Slide Show

For time- depcndenl media objects each placc in the’ petn net represcnts an LDU. Lip synchromzahon. g
can bc modclled on'the basis of connécting appropnate LDUs by lransmons (Flgure 42). -

33ms 33ms

. Figure 42: Petri-Net Lip Synchronization -

It is also possible to combine a set of consecutive LDUs to one place. as long as no inter-object
synchronization exists between these LDUs and others. A hicrarchy can be constructed by creating

44



subnets that arc assigned to a place. The duration of the longest path in the subnet is assigned to the
p'lace (Figure 43).

r . . . B
!.... . 3 .

¢
i

Figure 43: Petri Net Hierarchy that Comprises the Synchronization of Al and F1 to F3

The application example of Figure 13 can be modeclled as shown in Figure 44. The subnets are not
shown because they can be created by the straightforward use of the techniques described above.

Audio-Video Record. Ul  Picture
subnet _.-subnet

Animation
subnet 1

Animation

@
N/ s

Animation subnet 2.
and Audio subnet

..Figure 44: Petri Net Specification Example

Timed petri nets allow all kinds of synchronization specifications. The main drawbacks are the complex
specifications and the insufficient abstraction of media object content ‘because, much like the

hierarchical specification, the media objects have (o be splitted in subobjects. The assessment of the
timed petri net method is summarized in Table 11.

Advantages Disadvantages

Hierarchies can be created Not easy to handle

Easy integration of time-independent objects | Complex specification

Table 11: Assessment of the Petri Net Synchronization Specification
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] .A,dv_»ahtégcs . Disadvantages

Easy integration of interactive objects Splitting of media objecté

Integrated skew QoS Insufficient abstraction of media object

content

Table 11: Assessment of the Petri Net Synchronization Specification

5.6 Event-based Synchronization

In the case of event-based synchronization presentation actions are initiated by synchromzauon events,
e.g: as in'HyTime and HyperODA [64]. Typical presentation actions are:

¢ Start a presentation,
* Stop a presentation, and
* -Prepare a presentation

The events that initiate presentation actions may be external (e.g. generated by a timer) or internal to the
presentation generated by a time-dependent media object that reaches a specific LDU.

The following Table 12 sketches an event-based synchronization for parts of the application example:

Event Timerl
| Start . Audiol.stop reud "
Action  FeACY .
Audiol start
Video start
Pic.1 . {istart” stop
Timerl start(3)
Pic.2 start

Tuble 12: Event-based Specification Example

This type of specification is easily cxtended to new synchronization types. The major drawback is that
this type of specification is difficult 1o handle in the case of realistic scenarios. The user. is lost inthis:
‘state “tranSition typc of synchromzauon specnﬁcauon hence création ‘and maintenance becomes
difficult. The assessment of the event-based method is summarized in Table 13.

Advantages Disadvantages

Easy integration of interactive objects

Not easy to handle

Easy extensible by new events

Complex specification

Flexible because any event can be specified

Hard to maintain

Integration of time-dependent objects by
using additional timers

Tuble 13: Assessment of the Event-Based Synchronization Specification
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Advantages Disadvantages

Séparate descriptioris of skew QoS .
! necessary

Difficult use of hierarchies

Table 13: Assessment of the Event-Based Synchronization Specification

- 5.7 Scripts

A script in this context is a texlual description of a synchronization scenario [17] [58]. Elements of
scripts are activities and subscripts. Often scripts become full programming languages extended by the -
timing operations. Scripls may rely on different specification methods.

A typical example is a script that is based on the basic hierarchical method and supports thrce main
operations: serial presentation, parallel presentation and the repeated presentation of a media object.

The following example sketches a script for the application example from Figure 13. >> denotes a
serial presentation, & denotes a parallel presentation and n * denotes a presentation repeated n times.

([58)):

activity DigAudio Audio(“video.au”):
activity SMp Video(“video.smp”);
activity XRecorder Recorder(“window.rec”);
activity Picture Picturel(“picturel.jpeg”);
activity Picture Picture2(“picture2.jpeg”);
_activity Plcture Picture3( plcture3 ]peg ') :
. iactivity. Pig¢tute ' -Picturedt*pictured’. jpeg®);
actlvity StartInteract1onSelect10n° )
activity DigAudio AnlAudlo(.anlmatlon.au*);
activity RTAnima - Animation(*animation.ani”);

seript Plcture sequence 3Pictures= P1cture1 Duration(5) >>
{_Nl_ﬁd“ue__wtﬂnﬂb_,ﬁ Picture2 Duratlon(S) >
Plcture3 Duratlon(S),

,scrlpt Llpsynch AV Audlo & Video- .o .-
script AniComment AA = Animation & AniAudio.Translate(2);
script Multimedia Application_example {
AV >>
Record. UI >>
3Pictures >>°
A (Selectlon >> P1cture4) &
AA")"
Scripts are very powerful because they represent full programming environments. A disadvantage is
that this method is more procedural than declarative. The declarative approach seems.to.bc more casy .
" for the user to handle. The assessment of the script method is summarized in Table 14.

Advantages Disadvantages
Good support for hierarchies Not easy to handle
Logical objects can be kept Complex specification

Easy integration of time-independent objects | Implicit usage of common timers necessary

Easy integration of interactive objects Special constructs for skew QoS necessary

Table 14: Assessment of the Script Synchronization Specification



. Advantages . i .. . ~Disadvantages -.. "

L

Easy extensible by new synchronization
constructs

Flexible because programmable

Table 14: Assessment of the Script Synchronization Specification ..

5. 8 Comment

The presented synchronization specmcatlon methods have different specification. capabllmes and .are
different from the point of user friendliness; but many of them just present different “views” of the
same problem.

However, the different specification capabilities restrict the mapping between specifications of different
methods to the common subset.

The selection of an appropriate specification method depends on the targeted appllcatxon and on the
existing environment. As the temporal behavior of multimedia objects is only one part of a
presentation, we have to keep in mind the context as it may be an audio/video editor or an MHEG
prescntation tool. The sclected method must fit into the selected environment. There is no “best” or
“worsl” solution. For simple presentations without user interaction, the method based on a global timer

seems to be appropriate. For complex structures with interaction, for example the reference point
model scems (o be suitable. -

" In many cases, users WIll no{ dlreclly spcu[‘y lhesynchromzalwn usmga speaﬁc specnﬂcauon mcthod '
" They will usé'instead a. graphlcal authoring system that-may. produce specnﬁcatlons based on different
mcthods. But the experience shows that usually one of these specification methods underlies the
construction of ‘the user interface and therefore indirectly the advantages and disadvantages of the
method reflect themselves at the user interface. In addition, many authoring systcms allow to step out of
- the high level graphical représentation and 1o ‘specify. a-complex synchronization dircctly at the lowest -~ °

synchromzallon specnﬁcallon level, e.g. the textual level provxded by the undcrlymg melhod whlch is
not the best way to proceed. - . :

6 Case Studies

‘In this section some mtcreslmg approaches to-multimedia synchmmzat:on are descrlbed and classﬂicd'
according to the reference model presented previously.

In particular, we analyze synchronization aspects in standards of multimedia information exchange and

the respective runtime environments, and prototypc multimedia systems which comprise several layers - - .

~of the synchronization reference model.

6.1 Synchronization in MHEG

The generic space in MHEG provides a virtual coordinate system that is used to specify the layout and
rclation of content objects in space and time according to the virtual axes based specification method.
The generic space has one time axis of infinite length measured in Generic Time Units (GTU). The
MHEG runtime environment has to map the GTUs to Physical Time Units (PTU). If no mapping is
specified the default is one GTU mapped to one millisccond. Threc ‘spatial axes (X=latitude,
Y=longtitude, Z=altitude) are used in the genceric space. Each of these axces is of finile Iength in an
interval of [-32768,+32767). Units arc Generic Space Units (GSU). Also, the MHEG cngine has to
perform the mapping from the virtual to the real coordinate space.

The presentation of content objects is bascd on the exchange of action objects sent to an object.
Examples of actions are prepare to sct the object in a presentable state, run to start the presentation and
stop o cnd the presentation.



\Action objects can be combined to an action list. Parallel action lists arc executed in parallcl. Each list
s composed of a delay followed by delayed scqucnual actions lhat are proccsscd qcnally by the MHEG
Lngme, as shown in Figure 45.-. " .. . . Lo : :

¢
Parallel lists of actions
- —
delay delay
- 'K
TE « action | | action
L eQ: R ¥
Ay e
L |

" Figure 45: Lisis of Actions

By using links it is possible to synchronize presentations based on events. Link conditions may be
associated with an event. If the conditions associated with a link are fulfilled, the link is triggered and
actions assigned to this link arc performed. This is a type of event-based synchronization.

MHEG Engine

At the European Nelworkmg Center in Heidelberg an. MHEG cngine [65] has been developed. The
- MHEG engine is an 1mplemcntallon-of the-objoct [ayer. The archllcclurc of the MHEG: ¢ngine is shown .
“in Figure 46: -

. Application ..
MHEG Engine *
) g AV-Sub-
@bject ManageD [ system
o O
— 58
ank Processoa ) ( Interpreter ) {'5 :‘é User -
© R Interface .- ¢
(3} «
ok Services
Operating System

Figure 46: Architecture of an MHEG Engine

The Generic Presentation Services of the engine provide abstractions from the presentation modules
uscd to present the content objects. The Audio/Video-Subsystem is a strecam laycr implementation. This
componcent is responsible for the presentation of the continuous media strecams, e.g. audio/video
streams. The User Interface Services provide the presentation of time-independent media, like text and
graphics, and the processing of user interactions, c¢.g. buttons and forms.

The MHEG cnginc receives from the application the MHEG objects. The Object Manager managces
these objects in the runtime cnvironment. The Interpreter processes the action objects and the cvents. It
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f‘ responsible for initialing the preparation and presentation of the objects. The Link Processor
LW onitors the states-of objects and- triggers links, if the trigger conditions of a link aré fulfitled.

The runtime system comminicates with the presentation services by events, The User Interface

Scrwces provide events that indicate user actions, the Audio/Video-Subsystem provides events about

the status of the presentation streams, like end of the presentation of a stream or reaching a cuepoint in
a stream.

Summary

" -MHEG ‘is-a“ standardlzcd eXCharnge format lhat is used as exchange format- at the objcct layer Thc o
synchronization is based on the virtual axes and event-based methods. An MHEG engine represents the

object layer runtime environment. The object laycr |mplemcntauon of the described engine is based.on.. . .

" media‘servers. The Audio/Video-Subsystem represents the stream layer. Figure 47 shows the relation to
the synchronization reference model.

Regarding distributed environments, the processing model of MHEG has the following drawback: The

duration between the preparation and display action is coded in the MHEG . object, but the duration

depends on the runtime environment. Therefore this duration should be computed by the MHEG
engine.

Specification layer

Object layer interface -+~MHEG coded mu[tt’medfa queci----
' I MHEG Engine
nterpreter -

Object Manager
Link Processor

Object layer
User Interface
Services

Stream layer interface

-Stream fayer * i 7 ~AV.Subsysiem’

Media layer interface

Media layer

Figure 47: Classification of MHEG and MHEG Engine Components =
According (o the Reference Model

6.2 HyTime

HyTime (Hypermedia/Time-based Structuring Language) is an international standard (ISO/IEC 10744)
{23] for the structured representation of hypermedia information. HyTime is an application of the
Standardized General Markup Language SGML [66] (Sce also Section 13.3.).

SGML is designed for document exchange, whereby the document structure is of great importance but
the layout is a local matter. The logical structure is defined by markup commands that are inserted in the
text. The markups are dividing the text into SGML elements. For cach SGML document a Data Type
Definition (DTD) exists which declarcs the element types of a document, the attributes of the clements
and how the instances are hicrarchically rclated. A typical use of SGML is the publishing industry
where an author is responsible for the content and structure of the document, whereas the publisher is

responsible for the layout. As the content of the document is not restricted by SGML, elements can be
of type text, picture or other multimedia data.
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\HyTime defincs how markup and DTDs can be used to describe the structure of hyperlinked time-bascd
mulumedla documents. HyTime does not define the format or encodmg of elcmcnts It provndcs lhc

ramework for deﬁmng the relationship between these elcmcnts R T Y

yTime supports addresses to identify a certain picce of mformahon wnlhm an elcmcnl lmkmg

‘facilities to establish links between parts of elements and lemporal and spacial alignment spccifications
':to describe the relationships between media objects.

HyTime defines architectural forms that represent SGML element declaration templates with
associated attributes. The semantic of these architectural forms is defined by HyTime. A HyTime
application designer creates a HyTime conforming Data Type Definition (DTD) using the architectural .
forms he/she needs for the HyTime document. In the HyTimc DTD each élement type is associated
with an architectural form by a special HyTime attribute.

. The HyTime architectural forms are grouped.into the following modules
* Base Module: It specifies the architectural forms the document is composed of.

* Measurement Module: This module is used to add dimensions, measurement and counting to the
documents. Mecdia objects in the document can be placed along the dimensions.

* Location Address Module: It provides the means to address locations in a document. The following
addressing modes are supported:

* Name Space Addressing Schema: Addressing to a name identifying a picce of information.

Coordinate Location Schema: Addressing by referring to an interval of a coordinate space if

measuring along the coordinate space is possible. An examplc is to address to0 a part of an audlo
sequence .

Semanhc Locahon SChema AddreSsmg by usmg appllcmldn ‘spccl'ﬁc cohslrucls

Schedulmg module: This module places media objects in the finite coordmatc spaccs (FCS) Thcse
spaces are collections of application defined axes. To add measures to the axes; the measurement
module is needed. HyTime does not know the dimension of its media objects. So called events are
used for the presentation of media objects An cvent is an encapsulatlon of a media object and com-
* prises the layout spécification rélatedfo a FCS. The cvents can be placed absolutely or relauvely to
.-other events, within-the ﬁmle coordmate spaces =

"« Hyperlink Module: It enables buxldmg link cormcctlc)ns between medla objects Endpomts can bc '.

defined using the location address, measurements and scheduling modules.

* Rendition Module: It is used to specify how the events of a source FCS, that typically provides a
. generic presentation description, are transformed to a target FCS that is used for a particular presen-
tation. During the mapping, presentation related modifications are executed, e.g., changing the color

representation; projection of the dimensions from thé source to the targel FCS or scaling of the pre-
sentation.

HyTime Engine -

The task of a HyTime engine is to take the output of an SGML parser, to recognize architectural forms
and to perform the HyTime specific and application independent processing. Typical tasks of the
HyTime enginc are hyperlink resolution, object addressing, parsing of measurcs and schedules, and
transformation of schedules and dimensions. The resulting information is then provided to the HyTimc
application.

The HyTime engine HyOctanc [67] developed at the University Massachusetts at Lowell has the
following architecture: a SGML parscr takes as input the application data type definition that is used for
the document and the HyTime document instance. It stores the document object’s markups and
contents, as well as the application’s DTD in the SGML laycr of a database. The HyTime engine takes
as input the information stored in the SGML laycr of the databasc. It identifics the architectural forms,
resolves addresses from the location address module, handles the functions of the scheduling module,
and performs the mapping specificd in the rendition module. It stores the information about elements of
the document that arc instances of architectural forms in the HyTime layer of the database. The



pplication layer of the database stores the objects and their attributes, as defined by the DTD. An-
plication préesenter gets'from the database; the. information it néeds for'the presentation’df the database—
content, including the links between ObjOClS and the presentation coordinates to use for the presentation.

{Summary
HyTime is applicable to many application areas. It standardizes ncither content formats, encoding,

document types, nor specific SGML data type definitions. It provides a framework for addressing
portions of hypermedia document contents and the definition of linking, . alignment - and .

- synchronization.. In the ‘context 6f the synchronization reference’ model a HyTlme document, together

with its DTD, can be used as input to the object layer. The synchronization is based on the virtual axes-
synchronization. method. The SGML and Hy’ﬁme related preproccssmg is done by the HyTime engine

- in-the ‘object layer. The application’ presenter providés the other object layer and stream layer

functionalitics. Figure 48 shows the relation to the synchronization reference model.

Specification layer

Object layer interface | HyTime Document and DTD ..

SGML Parser
: HyTime Engine
Object layer Y o
) y Application Initializer
' ,Stream layer interface o Application Prescnter

-,p. . C. A
S ‘.. .

Stream layer

Media layer interface

“ Media layer .. .. -

Figure 48: Classification of HyTime and the HyTime Engine
According to the Synchronization Reference Model

Other classification possibilities are to regard the database as object layer interface format or to use the -

database to generatc an MHEG specnﬁcauon In that case the HyTime engine can be regarded as-part of’
a format conversion tool.

63 Firefly System

The objective of the approach of Buchanan and Zellweger [68] [16] is to automatically generate
consistent presentation schedules for interactive multimedia documents that comprise media objects of
predictable behavior (like audio and video) and objects of unpredictable behavior (like user
intcractions). The generation algorithm comprises two phases. At the first phase, before the execution
of the presentation, high-level temporal specifications for a document are used to compute a
presentation schedule, as far as possible without knowing the unpredictable durations. In the second
phasc during the presentation, the scheduling depending on unpredictable durations is incorporated.
The specification of the temporal constraints distinguishes media-level specilications that describe the
temporal behavior of individual media objects and document-level specifications that describe the
temporal behavior of a complete multimedia document, in particular the temporal relations between
single media objects.

Medua items are used for the media-level specification. They comprise a reference to a media object and
are uscd to describe the temporal behavior of this media object. A media item consists of:
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Events: They represent points in time at the presentation of a media object. They are comparable to
a reference point.

- Durations; They specify the duration between two. subscquent events ifi'a media ObjCCt A diration

is rcprcsented by a triple of values: minDuration, optDuration and maxDuration. Il the three valucs

are equal, the presentation duration is fixed. If they specify an interval, the prescntallon is adjustable,
No values are assigned for an unpredictable duration.

Costs: The costs can be used as measurement for the degree of degradation in the case of stretching

the presentation towards the mammal duratlon respecuvcly shrmkmg 11 lowards the mlmmum dura-

A document-level Spec1ﬁcauon consists of

Media items: These are the media items involved in the presentation.

Temporal constraints: They are used to describe explicit temporal relations between events in one
or more media items. Temporal constraints are classified into temporal equalities, that describe a
fixed temporal relation between two events (e.g., same time, one event 10 s before the other), and
temporal inequalities that describe a temporal relation without a spccified time (e.g., one event
before the other, one event at least 10 s and at last 20 s before the other).

Operations: They can be associated with an event and include non-altering presentation related
operations, like increase volume of an audio presentation, and time-altering operations, like
increase-playback-speed.

Duration and costs: They can be described according to the media level. At document level this is
used to describe a different behavior for scveral mslances of onc media 1tcm ina documan .

"Unpredictable event control: The unpredlctablc event control allows to aclwate and deacuvate )
"unpredxcmblc events. ’

To support the development of temporal specifications, a graphical representation of the specification is

- supported. The synchronization specification method is a combination of reference point and interval-

based synchronization. The scheduler for the presentation that is located at the object layer is divided

- info -two. parts: The compiletime scheduler and the-'runtimé scheduler: The" compiletirire schedulef
" constructs-a main schedule which Controls the parts of a document that are predictable and auxiliary -

schedules, that control the parts of the documents that depend on unpredlctable events. It is an example
for off-line’schiedule computation at the object layer.

The algorithm contains three parts:

In the obtaining durations and costs step the duration and costs for each media item are obtained. To
do this, the-media and document-level specifications for a ‘media item arc unified and time- -altering:

* operations are mcorporatcd in'the computauon of the durations.

In the finding connected components siep, a union-find algorithm is used to find connected part:# of a
document. Two events are in the same connected component, if they are related by a predictable

- duration ora temporal constraint: The cofinécted comporenis aré called predlctablc if there are no

unpredictable events that trigger events of the component. Otherwise they are called unpredictable.

The assigning times to events sltep computes for each event in a connected component the time for
that event with respect to the start time of the component. It uses a simplex algorithm with the dura-
tions and temporal constraints as constraints for the algorithm and thec minimization of the costs as
its objective function.

In the creating commands step, the previous results arc used to create the commands for the exccu-
tion. A command includes a time when it has to be exccuted, the media item to process, an associ-
ated event, the list of unpredictable events to be activated or deactivated and the operations to be
exccuted. All commands of the predictable components are integrated if the main schedule. For
cach unpredictable component, a scparatc auxiliary schedule is constructed. To improve perfor-
mancc for a continuous media object with units with fixed durations, only the start of the completc
mcdia object and cvents that refer to other media objects are considered, not cvery single cvent



v
'
4
y 4

\}

within the media item. It is assumed that this stream like presentation scheduling is done separately.
][hfc runlime scheduler.is an-example for-on-tine schedule computation at the object hayer and Controls”
the document clock, the execution schedule and handles the unpredictable events. After the
compllellme scheduler has produced the schedules the runtime scheduler copies the main schedule into -
the execution schedule and starts the document clock. If the document clock reaches a time with an
associated command, it initiates the command. If an activated unpredictable event occurs that triggers
an unpredictable component, the runtime scheduler merges the corresponding schedule into the

.execution schedule taking the actual document time as start time for. the first command.in the schedule.... .
10 merge. ‘Becausc unpredlctable components may be tnggercd several times, the runtime schieduler =~

marks the instances in the exccution schedulc ta be able to distinguish the commands for the different
- instances of an unpredictable schedule. .. ‘

Summary

The Firefly system provides a complete synchronization support. At the specification layer an editor is
provided. The temporal relations based on the reference point and interval-based specification methods
are used at the object layer interface. The Scheéduler provides off-line and on-line computation of
presentation schedules at the object layer. The schedule of streams is only initiated at the object layer,
the execution is located at the stream layer. Figure 49 shows the relation to the synchronization
reference model.

The system provides a well organized scheduling planing and integration of unpredictable durations.
Currently, the system docs not consider media preparation durations, prcsenl‘mon restrictions by
insufficient or missing local resources, and delays mtroduced by networks

Specification laver Graphical Editor for
P n fay Temporal Relations .~
- Object layer interface . . ::.: == Tgmporal relations - B

Compiletime Scheduler’

Object layer Runtime Scheduler -

Stream layer interface

Stream schedule
Stream layer

Media layer interface

) Media layer

Figure 49: Classification of the Firefly System According
to the Synchronization Reference Model

6.4 MODE

The MODE (Multimedia Objects in a Distributed Environment) system [69] developed at the
University of Karlsruhe is a comprehensive approach to network transparent synchronization
specification and scheduling in heterogencous distributed systems. The heart of MODE s a distributed
multimedia presentation service which shares a customized multimedia object model, synchronization
specifications, and QoS requirements with a given application, and which shares knowledge about
nctworks and workstations with a given runtime environment. The distributed service uses all this
information for synchronization scheduling when the presentation of a compound multimedia object is



Yequested from the application. Thereby, it adapts the QoS of the prescntation to the avmlable TCSOUTCes,
l’akmg into account a cost model and the QoS requlremcms given by the apphcahon

’ “Ttié MODE system contains the following synchromzatmn related oompOncnte R

¢ The Synchronization Editor at the specification layer, used to create synchronization and layout
i specifications for multimedia presentations.

The MODE Server Manager at the object layer, which coordinates the execution of the presentation
service calls. This includes the coordination of the creation of units of prescntation (presentation
objccts) out of basic units of information (information objects) and the transport of the objects in a
distributed environment.

The Local Synchronizer, which receives locally the presentation objccls and initiates their local pre-
sentatlon accordmg toa synchromzauon specification.

« The Opumtzer, that is part of the MODE Server Manager and perfonm the planmg of the distributed
synchronization and chooses presentation qualities and presentation forms depending on user
demands, network and workstation capabilities and presentation performance.

Synchronization Model

In the MODE system, a synchronization model based on synchronization at reference points is used
[15]. This model is extended to cover handling of time intervals, of objects of unpredictable duration
and of conditions which may be raised by the underlying distributed heterogeneous environment.

A synchronization specification created with the Synchronization Editor and used by the Synchronizer
is stored in textual form. The syntax of this specification is defined in the context-free grammar of the
_Synchronization Descrzpuon Language. This way, a.synchronization: 9pec1ﬁcal|on can. be usec] by

Jh MODE- componenls, mdcpcndent of their lmp]emenlalxon language and. e,nvnronmcnt

MODE dlstmgulshes between dynamic basic objects and staiic basic objects. A prceenlatlon of a
dynamic basic object is composed of a sequence of presentation objects. This corresponds to a stream
of LDUs. The index of each presentation object is called a reference point. The prescntation of a static
basic object, that may be a time-indcpendent media object as well as an interactive object, has only two

. reference points, the beginning -and the. end-of the presentation. The description of a reference point * -

_together. with the corresponding basic object is called a synchronization element, denoted in the form-
- BastcOb]ect ReferencePoml “Two .or. more synchromzatk)n elemcnts Jcan be. combmcd into ‘a’ ’

" syrichronization poiht. - An’ entire mtcr-object synchromzatmn is defined- hy the list of ali
synchronization points.

A presentation quality can be specified for each basic object. It is described by a set of attributes

comprising an attribute name, a pre[errcd value, a valuec domain that describes all possnblc valucs for
this attribute. -

Local Synchronizer

The Local Synchronizer performs.synchronized presentations according to the synchronization modcl
introduced above. This comprises both ‘intra-object and inter-object synchronization. For cach intra-
object synchronization, a presentation thread is created which manages the presentation of a dynamic
basic object. Threads with different priorities may be uscd to implement prioritics of basic objccts. All
presentations of static basic objccts are managed by a single thread.

Synchronization is performed by a signalling mechanism. Each presentation thread rcaching a
synchronization point sends a corresponding signal to all other presentation threads involved in the
synchronization point. Having received such a signal, other presentation threads may perform
acccleration actions, if nccessary. After the dispatch of all signals, the presentation thread waits until it

receives signals from all the other participating threads of the synchronization point; mcanwhilce, it may
perform a waiting action.



}Planmg and Execution of the Distributed Presentatlon

}Before slarting any” presen(atlon the’ Optlmlzcr is lnvol'(cd The Ophmlzer uses a hcur:suc scarch ’

,'algomhm taking the special conditions of a distributed environment like multiple steps of the
: synchronization in a distributed environment, multiple communication patterns, buffering requirements
‘and merging into account. It uses information about the network, like the available bandwidth, service
qualities and available resources at the workstation as well as information about the processing
demands for media objects. This mformatlon is provided to lhe Opumlzer by cnvxronmenl and
. application media descriptions [12]. :

The planing resuli determines the achlevable quallty value for each presentatnon attrlbute accordmg to
MODE Flow Graph {70} that describes’ whlch operatlons at which time on which node have to be’

executed. The partitioned Flow Graph is delivered to the involved nodes and executed at runtime by the
distributed MODE Server Manager.

Exceptions Caused by the Distributed Environment

The temporal correct exccution of the plan depends on the underlying environment, that means if the
workstations and network provide temporal guarantees for the execution of the operations. Therefore
MODE provides several guarantee levels. If the underlying distributed environment can not give full
guarantecs, MODE considers the possible error conditions. Three types of actions are used to define a
behavior in the case of ¢xception conditions which may be raised during a distributed synchronized
presentation: A waiting action can be carried out if a presentation of a dynamic basic object has reached
a synchronization poml and waits longer than a specified time at this synchronization point. POSSIbIej
* waiting . actions . «comprise, .[0r ‘example, continuing. presentauon of -the "last” presentation” object’
- (“freezing’ of a video, etc. ), pausing, or cancéllation’ of the synchronization point. When a presentation
of a.dynamic basic object has reached a synchromzahon point and waits for other objects to reach this
point, acceleration actions represent an alternative to waiting actions. They move the delayed dynamic
_basic objects to this synchronization point in due time. Possible actions include temporarily i mcreasmg .

mlhe presentauon spced or Sklpplng all'objects in the presentation-up o the. synchronization:point; When+ - - -

a presentation object does not arrive in time, it is possnble to slap the object-and to present the next one:
.. .Priorities.may be. used for basic Ob]OClS to rcﬂect their sensitivity.to delays in their presentation. For
example, audio objects will usually be assngncd higher priorities than video objects because a user
recognizes jitter in an audio stream earlier than jitter in a video stream. Presentations with higher
priorities are preferred over objects with lower priorities in both presentation and synchronization.

Summary

MODE is a cofni)letc synchronization system. especially designed to support synchronization. in a
distributed environment. MODE provides a Synchronization Tool at the specification layer. The output

of the tool is used as reference point-based interface format between the specxﬁcatnon and the object . . . -

- layer. The: Optimizeris part of the object layerand performs an ‘off-line computation of the presentation
schedule before the start of the presentation. The MODE Server Manager and the Synchronizer are aiso
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\part of the object layer. The threads generated by them for the handling of dynamic media objects arc
part of the stream layer. Figure 50 shows the relation to the synchronization refercnce model.

. -.!’.

o ¥

Specification layer Synchronization Editor

Object layer interface Synchronization Description Language -

. .~ ...} MODE . . Optimizer
Object layer ! Server  Local
{ Manager Synchronizer
Stream layer interface : ereenseensassssssesnaen
T Presentation
Stream layer Threads

Media layer interface

Media Classes
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Figure 50: Classiﬁcation of the MODE System According to the Synchronization Reference Model

'6 S Multlmedra Tele-orchestra

At the University of Ottawa, the Multimedia Commumcatlon Research Laboratory (MCRLab) of Prof.
Nicolas D. Georganas has developed a multimedia synchronization system known as multimedia tele-
orchestra. This system comprises a sophisticated specification schema, the Time Flow Graph (TFG)
; [71] and an rmplementatron of this synchronization in a distributed- environment [13]. In contrast ©_

< -~ . manyother Spe(:lﬁcatron ‘Thetliods, the TFG takes into dccount that temporal knowledge may oflen be

_relative, i.e. it can not be described by exact time parameters. The authors call this a fuzzy scenario. In
addition, the duration of. presentation parts may be imprecise and not known in advance. Hence, neither -
the exact occurring time points nor the duration are required to specify synchronization.

The notion of intervals scrves as basis for the TFG. In [71] it is shown that all temporal relationships
between intervals can be represented with TFGs. This leads to a partial sequenticl ordering which is
used ‘by -the “actual processing -of  synchronization " at prescnlalron time. .With respect: to -out
' synchromzatron reference model, lhc ‘TFG is an interval-bascd method located at the. specrﬁcatron layer - -
" ‘and also covers the interface between this layer and the object laycr, see Figure 51.

Based on the TFG, a distributed multimedia synchronization schema was devcloped-and became, known
. -as the Synchronization Controller for Miltimédia Cormmunication (SCMC)’ [13). As'a key feature, it
takes into account that data may be originated by different sources located at different places. SCMC is
targeted to run over ATM nctworks. However, the same algorithms can be used to operate on top of
other multimedia capable network configurations like Ethernet 10 Base-T, 100 Base-T and IsoEthernet.

In the Tele-orchestration approach, a second component, the Temporal Presentation Controller (TPC),
is in charge to calculate a schedule with the carlicst possible time to ‘present objects at a remote
computer. The result of the TPC, i.c. the respective schedule, is subsequently passed to the SCMC
which will actually control data processing to match the synchronization specification. In terms of the
synchronization reference model, the SCMC makes use of individual LDUs. It does not rely on a
strcam. The SCMC providcs 1o its user the capability to provide synchronization between individual
data strcams. Hence the SCMC s located at the media laycr as well as the strcam laycer. The TPC maps
time constraints defined by the TFG onto SCMC primitives. The TPC calculates local schedules,



whereas the SCMC unifies all local schedules to an actual implementation of the dcmanded
-s}'nchromzalwn Hence, the TPC is located in the object layer accordmg 10 Frgure 51

Specification layer
. Object layer lnterface i Tlme F[ow Graph B :____;:_",,{ o
Object layer Temporal Presentation Controller

‘Stréam layer interface

Stream layer : Synchronization Controller for :

Multimedia Communication
Media layer interface  |.i...

Media layer

Figure 51: Classification of the Tele-orchestra System According
- -to the Synchronization Reference Model

Summary

Tele-orchestra nicely covers aspects of all layers of our synchronization reference model. Distribution .- -

is known and handled at the specification and streamlayers In [72] performance analysrs results of this
synchromzauon schema are presented

6.6 Little’s Framework -

. The ‘main- objective of- this framework, currently . mtegrated at the Urniversity of Boston [14] t a
multimedia information system, is to support the retrieval and delivery of multimedia data. This system
comprises methods for synchronization specification, data representation, temporal access control and
run-time intermedia synchronization. Especially it provides mechanisms to overcome delays caused by

‘storage, communication and computations .on the media objects. It also. provrdcs mechanisms for -
scalability and graceful degradation of multimedia services: : :

The specification of the synchronization is based on petri nets [27] and global timer-based
specifications:that are ‘mapped to the TIB (Temporal—mterval-base) modelling approach. The temporal.

“rélations in this model includé a start time for a data-element, the duration of its presentation and the

cnd time for it. Relative positioning is defined by delays between the start times of presentations.

Based on this spccification, a static and dynamic presentation scheduling is computed at the object
layer. As an example of a simple planing algorithm in-an environment with resource restriction, we
present the static playout schedule computation algorithm [73]{62]. It assumes that the data clements
arce stored in a remote database. The data have to be transported to the presentation workstation via a
packet-switched network with restricted capacity. In a first step, the synchronization specification is
uscd to compute the point of time for the start of the presentation (p;) for cach data unit. This is casily
pussible using the duration o[ the presenldlrons (m,) Uslng lh(, start pomls of the presenullons it is

nced a time (T) to be trdnxporled

Let Dy, be the constant propagation delay, D the delay proporllon.ll to the packet size (medium packet

size / channel capacity) and Dy, the variable load-dependent delay. Then Ty is defined as Ty = Dy + Dy +
D..



"The following conditions have to be fulfilled:
‘ Pi>=gi+ T (The data units have to be available i in ume)

4 qj.1 <= ql Ty 4+ D; (Data should'be acccssed when' prcvmus 9cndmg of dala is ﬁmshcd)
{The following algorllhm is'used to compute ;:

". o

gq{m] = p(m] - T[(m] // Start with the last data unit.

for i = 0 to m-2
if q(m-i) < p(m-i- 1] ~- Dy // Colllslon

q[m-i 1] = q[m—l] - T[m—i 1] + D // Resolve colllslon

else

q[m=i-1] = p{m-i-=1] - T[m-i-1]// No collision
end

end
As the static scheduling does not consider dynamic changes in the environment, as well as commands
from the user that alter, for cxample, the presentation speed, dynamic scheduling is introduced. The
dynamic scheduling approach is called limited a priori (LAP) scheduling. It performs the scheduling
and reservation of resources only for a short period of time. The multimedia presentation is splitted into
components of similar resource usage. For these components the schedules are computed and statistical
resource reservation is used. Subsequently, the session scheduler executes the prescentation of the

componcnts. In the case of user initiated presentation manipulation opcrallons or of load changes the
) schedulcs are recalculated.

" Ta support the mterstream synchromzatlon, skew'control mech'amsms dre S(xpported They afe based on-'_' i

dropping and duphcatmg data units, in the case that a-queue representing the stream processing rcaches
low or high threshold values.

The petri net and timeline specifications in the specification layer are mapped to a TIB specification as
. object layer interface format that is a type of intefval-based synchronization. The off-line and on- lme,
¢ ... . ..scheduling is located-at the object layer Additional skew control is provrded it the $tréain laycr o



Summary

e framework tepresents & well-deﬁncd approach comb(mng mc Several layers. lls conceptlon is

concentrated to the retrieval of multimedia objects on one server and considers only a reduced sct of
istribution rclevant parameters.

Specificationlayer © | - PetriNet tt
Time-line Specifications
Object layer interface - - Temporal-mterval—base

Static presentation scheduler

Object layer LAP scheduling

Stream layer interface

Stream layer Skew control between streams

Media layer interface

Media layer
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" Figure 53+ Classification of Little s Framework According to the Synchronization Reference Model

6.7 Acme

Acme (Abstractions for continuous media) [7] i is'an [/O server for:continugus data streams in‘the strcam’_. PR

layer. ‘The seivei controls a set of physical dévices. Users can define loglcal devices as abstractions
from the physical devices. A stream path is build up by connccung input and output devices. The

connection may be a real network: connection. The ‘stream’ consists of L.DUS with an assigned time
stamp.

A Logical Time System (LTS) synchronizes the I/O of logical devices. A LTS owns a clock that can be
bound to the device which is most sensitive against delays or it may be driven by a specified
connection. Each LDU will be processed by. a logical device, if the.time stamp matches the LTS clock. -

A blocking causcd by a connection may occur. In this case the connection’s input device is blocked and
has to buffer more and more units. The output device is starving, because it docs not get enough LDUs.
The blocking is resolved by skipping LDUs or by pausing the. LTS in the case that.a max skew value ...
has been reached betweén time stamps of units and the LTS clock. The LTS is restarted, if the time

stamps of the logical data are close to the paused LTS clock and an additional amount of data for the
start-up phase of the resynchronization was recéived.

Acmc offers a programming interface and provides support for media streams at the stream layer only.

6.8 Further Synchronization Related Systems

Today available multimedia extensions for operating systems, like Apple QuickTime {59], Microsoft
Multimedia  Extensions [74], and IBM  Multimedia  Presentation  Manager/2 [10],  contain
synchronization mechanisms applicd at the stream layer in the local domain. First networked systems
like the 1BM Ultimedia Scrver cover some synchronization issucs in a distributed cnvironment.

The Orchestration Service (8] provides a stream-oricnted interface for synchronized playout of
continuous media in a distributed cnvironment. Nicolai [75], Little [76], Escobar [77], Shepherd [78),
Ramanathan [45] and Anderson (as described in Scection 6.7) have proposed techniques (o control jitter
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\among media streams in the stream layer. An evaluation and classification of these techniques is given
in [41].

Slefam Harzad and Homn [79] have proposed. to usc at the’ object. laycr the synchronous language:-
ESTEREL for the programming of multirhedia synchronization.  The language and its. runtime
tenvironment provide support for fast processing of cvents.

5At the University of Geneva [58], an object-oriented system with a global timer-based synchromzauon
specification has been developed. At runtime, a global timer is available to all objects. Each objcct
maps this time to its own local time that it uses for its intra-object synchronization. If the skew of the

local time and the world time of the global txmer excesses.a maxnmal valuc a rcsynchromzalnon w:th
-+ the world time is. performcd ' T

Bulterman’s framework [80] handles the problems of sharing network resources, synchronizing data

. coming - from muitiple sources and. representation of data on_heterogenous -hosts in a. distributed -
environment. The components of the framework can manage the resources of the distributed
environment for all active applications. The necessary information is provided by a specification of the
application”s resource and synchronization demands.

The Tactus system [81] includes a.server for the synchromzauon -of medla at the sink node and an
interface toolkit extented to support computation and controlling of streams and to deliver them to the
presentation server. The scheduling is computed in advance to avoid delays at runtime. An introduced
cut operation allows for low-latency reaction to user interactions by sclecting between precomputed
schedules.
The use of traditional event-bascd user interface servers can be the reason for synchronization failures
caused by the delay between calling the server to do a presentation and the presentation by the server.
Especially the time relations of demanded presentations get lost. A proposal to handle this problemis'to
" extent the window, server to delay the execution.of 3 presentation untit a client-defined event occurs.”
" This allows to rcmtroduqe the time relations between presentations in the server.
HyperODA [64] is a standardization activity to define a multimedia document exchange format. It is an
extension of the Open Document Architecture (ODA) [82]. The extension of ODA to a Multimedia and
Hypermedja Document Architecture requires new content architectures, e.g. for audio and video,-and
... the_definition-of a model for the layout in time and: the. mtegrauon ‘with the Fyout in space “InttaZobject " °
. synchromzauon is included in the content architectures for example.in the audio content architecture.

Inler-objcct synchromzahon is in prototypes tealized by event-based synchronization. HyperOda is still -

" in development.

6.9 Comment

- A large number of synchronization supporting systems have been dcvcloped Commercml available..
' synchromzauon support is mainly restricted to the support of streams in local systems. Many research
‘efforts are directed towards support of distributed environments, the development of presentation

scheduling strategies and the integration of user interaction. The analysis of the existing systems has .
-..confirmed-that -the' synchronization ‘reference’ model mitchies-the  sinictiring néeds of miltimedia™
synchronization systems.

7 Summary and Outlook

7.1 Summary

In intcgrated multimedia systcms synchronization comprises scveral aspects to be considered.
Unfortunately, the samc term .is uscd by many authors to denote different issucs. In this chapter
synchronization rclated tcrms have been defined and the layers of synchronization processing in
multimedia systems have been classificd in a synchronization reference modcl.



Intra-object synchronization has been defined as the synchronization of the logical data unils of one
media object. Inter-object synchromzauon is the synchromization between the media objects. -

For live synchronization, the synchronization specification direcily results from the temporal relations
during the capturing of the objects. In synthetical synchronization, the temporal rclations betwcen
media objects are explicitly created.

Several methods for the synthetical synchronization specification have been discussed which have been
developed over the last years: The enhanced interval-based method specifics relations between
B presentatxon intervals. The qxis methods specify synchronization using.a mapping of inedia.objects to.

" one ‘or more commoii axes. The basic hierarchical method uses operations like parallel and serial 10 " *

define relations betwecn media objects. The reference point. approach allows for specification by

 defining relations between the LDUs of media objects. Petri nets.can be used to.specify. the flow of a- ...

presenlauon by using places with durations and attaching the start of presentation operations to the
firing of transitions. The event-based method couples presentation operations to events. Scripts are a
programming-oriented approach which make use of synchronization operations. All of these methods
have shown o provide different specification capabilities as_outlined in the previous sections.
Conversions or mappings of specifications between the different methods are possible, but often they
are restricted 10 a common subset of the specification capabilitics. In most cases, the user uses a
graphical editor 10 specify the synchronization. The underlying specification methods usually reflect

themselves in the user interface abstraction and, the editors allow for direct access 1o these specification
methads.

The required QoS of the temporal relationships to be presented to the viewer/listener is derived from the
_users’ perception. Experiments have shown that a skew of more than +/- 80 ms between an audio and a
-video stream is annoying, if lip synchronization is necessary -Further QoS requirements and a method
for combining QoS requirements for multiple concurrent media have been presented.

A synchromzauon reference model has been defined that classifies synchronization facilities and

interfaces in layers and allows to identify and to classify media synchronization issues and approaches.

The ‘specification layer comprises 1ools _for the creation and -conversion of synchronization
el specxﬁcallons. “The object layer takes at'its service interface synchrorization specnﬁcatmns as input- It

plans and Jorganizes the presentation, it initiates the presentation of time-independent media objects.and .~ -

of user mteracuons. For the presentauon of continuous media, il uses the stream layer services. The
stream layer supports at its interface abstractions of streams. It handles the intra-object synchronization

and the synchronization between continuous media streams. The media layer hides at its interface the
access 10 the multimedia devices.

A distributed execution environment causes many additional challenges because of the distribution of. .
* the synchronization ‘specificalion and the respectivé media objects, the’ requlred communicalions. and

delays in the distributcd cavironment, and the demanded use of mulu-parly communication. The

synchromuuon in lhe dnstnbulcd envnronmenl is a multi- slep synchromzauon pmcess and planmng
- problem. : : T R :

The most wcll known syslems have bcen classnﬁcd dccordmg o thls Synchromzatxon Reference Model
This case study results in a comparison of the capabilitics of the various approaches. On the other hand,
it has proved the uscfulness of the synchronization reference model.

7.2 Future Topics

The expansive development of multimedia applications demands that presentations be executed on
heterogencous platforms. For that purpose, standards like MHEG and ScriptX are used that support
cxchangceable synchronization specifications. The success of multimedia exchange standards depends
on the availability of runtime environments for the exchange formats. Which standard will be the most
important in the [{uture is still open. The availability of a standard format will also lead to the
availabilily of supporting authoring systems.

The upcoming availability of multimedia teleservices demands an open distributed environment. For
that pumposc, an open stream mechanism and open object layer services are required. Initial work in the



area of open streams in a heterogeneous environment has been done by the Interactive Multimedia

iation, an industry driven approach to open multimedia scrvnces Addluonal elTorls are rcqunrcd
f 18 the development of open.object layer serv:cw IER et .o :

DEETNN

‘7.3 Conclusion -

In summary, we classified and compared the major approaches. Here we focus on the demands, the
various specification methods and basic runtime support concepts of the regarded approaches. Many
more ideas, prototypes and products have implemented some kind of synchronization. However, it is

still a_matter of research to.find out. which are the most appropriate -approaches - for .performing .- - - =~

' synchromzatlon, mpccnally in distributed environments.
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