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'I Introduction 
. . . . . .  fuhmced mulümedia Systems arc dharacterized by the.integra(cd u>mpuieiccon(rolled gcncritiim; :. : 

' :' . toiagk,' '&inmuni'&tion, manipulat;Ön and prescntation '&f in'dcpcndcnt time-dkpcndcnt arid' tirnc- . 

Ondependent media[l] [2]. The key issuc which provides intcgration is thc digital representalion o l  any 
!data and the synchronization of and between various kinds of media and data. 
The word synchronization refers to time. Synchronizatwn in multimedia systcms refers to thc temporal 
relations between media objects in the muliimedia system. In a more general and widcly used sense 
some authors use synchronization in multimedia Systems as  ismprising content, spatial and, temporal . . . . . .  

- . relations.between media objects. We'differentiate tietween'time-dependenf andtime-&tdependenf media . 
objects. A time-dependent media object is presented as a media stream. Temporal relations between 
consecutive uni& of the media. stream exist. If the presentation duratiqns. . . . . .  .of all .uni3 jof, a.,iime-. .:. . . . . . . .  . . . . .  

. dependent .Media objeit 3re' equi1,'lt k ~l led 'dbr t t in~ioi~s  m&dia.objecl: a video consids bf'a numbir o l  
ordered frames; each of these frames has a fixed prescntation 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. 
Synchroiiizationbetween media objects comprises relations between time-dependent media objccb and 
time-independent media objects. A daily example of synchronization between continuous mcdia is the 
synchronization between the visual and acoustical inforrnation in television. In a multimcdia system the 
similar synchronization has to be provided Tor audio and moving picturcs. An example of tcmporal 
relations between time-dependent media and time-indcpcndent mcdia is a slidc show. The prcsentation 
of slides is synchronized with the commcnting audio stream. In order lo realize a slidc show in a 
multimedia System the presentation of graphics has to be synchronized with thc apprc~priate uni& of an . . 

' . , . . 
. . . . . . 

. . . . .  audio'stream. . . .  . . . . . . . .  . . 
~~nchronizat ion is addrcssed and supportcd by ninny system tomponenis including the operating 
system, the wmmunication systern, databascs, documcnts and even often by applications. Hencc 
synchronization has to be considcred at several levels in a multimedia systcm. 
The operAting system and lower communi'cation layers handle single media.stiearns yi' $c.objectiva - , . . - . . , . . 

. . . .  .to .avoidiittet . . .  at the .pr&entati6,b,,of the uni& &f..one inedia.'~tream'.(e.~. [3 J [4] [5j'[6)).' For'eXamplc; . ' . . . . . . . .  

. . 
' users wilk'be annojwi ifan aiidio pre&ntation-is interiupted by p'auses or i f  Cficks result in short gaps' in 

the presentation of theaudio clip. . . . 

On top 6i this level, the kuntime support for'the synchronization of multiple media streams is lbcated 
(e.g. 171 [8] [9] [10]). The objective at this level is to mainlain thc temporal relations between various 
streams. In particular the skew bctwcen the streams has to be restricted. For example, Users will be 
annoyed if they notice ,that the movement of ihe lips of a speaker does not correspond to the presented 

. . .  . . . .  . . 

. - audio. . . .  . . 
. . . .  : .  . :.. < . . . . . .  . . 

T h e  n&t levd holds ihe iuntime csu~port .for thc.syriciifoniz;itii>n bctween timehependcnt and time! 
' . .  

indcpendb&media together wi th the  handling of User interactions (e.g. [ll] [I21 [13] 1141). Thc . . 
. . . . . .  . . objective is,.to sp r t  .md stop.'.the presenlation. of lhc .time-indepeedent' media within .a tolerable t imc . 

'intcrval', if some.previously dcfined poinls of thc presentation of a time-dependent mcdia objeci arc 
reached. .The audicnce of a. slide .show is annqyed, if .a slide ,is p r ~ c n t c d . k f o r e  the audio. conimcnt . . . . . . . . . .  

. . . . . . . .  
introducei'>a "ew piClure. A short dc1ayaftir the start of thc intkducing comrncnt is tolcrahlc or cvcn 
uscful. 
Thc temporal rclations bctwccn thc mcdia objccts havc to bc spccilicd. Thc rclations may bc spccificd 
implicitly during capturing of thc rncdiri ohjccb, if thc goal of a prcscnlation is to prcscnt ihc rncdi;i in 
thc satnc way as thcy arc originally cripturcd. Tliis is thc casc of audio/vidco rccording and playhack. 
Thc icmporal rclations may also hc spccificd cxplicitly in thc casc of prcscntations that arc composcd oT 
indcpcndcntly caplurcd or othcrwisc crciitcd nicdiii objccb (c.g. 1151 1161 1171). In thc slidc show 
~ ~ i i t i i p l c  a prcscntnlion dcsigncr sclccts thc ;ippropri;itc sliclcs, crcatcs an iiudio ohjcct iind dclirics tlic 
units of ihc audio prcscnliition sirciiiii whcrc tlic sliclcs ii;ivc to hc prcscntcd. Also ttic uscr intcriicliviiy 
may hc part of a prcscnlation iind tlic tcriipor;il rcl;itions hctwccn mcdia ohjccls and uscr iritcr;iciions 



.havc to be spccified. The tools that are used to spccify the temporal relations are located on top of the . . . .  . : . ... . -  . . . . . .  . . .  . . 
jprevious levels. . . . .  . . . . . . 

'. I . . 
;e&nt yean, in nearly every multimedia &rkshop ind  onference many synchioniution related 

contributions have been provided. Most of the contributions address only issues of onc or  a subset of 
' 

"the lcvels or regard synchronization only from a specific viewpoint and they are partly overlapping. 

The objective of ihis chanter is to provide an integral view to the area of multimedia synchronization. 
Therefore we focus on a consistent definition of synchronization related terms, synchronization 
requiremenis, the synchronization specification, synchronization between media objects and fhe 
synchronization related structuring of  multimedia systems. An emphasis is also put on the 
synchronization in a distributed envimnment that introduces additional complexity but is very 
imporlant regarding clientlserver architectures and future telesefiices like access to information 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 
slreams, is not part of this chaptcr. 
In Section2, the basic terms of synchronization are defined. Subsequently, in Section3, the 
requiremenis for synchronization resulting from User perception of multimedia presenhtions are 
described. A synchronization reference model is presented in Section 4 that allows to structure the 
lcvels of synchronization and to classify existing synchronization systems. Section 5 provides an 
overview about synchronization specification methods. Some prominent and represenhtive systems are 
presented and classified according to the synchronization reference rnodcl in Section 6. A Summary and 
.an outlook are given in,the last section. . 

2 Notion of Synchronization 
. . .  . . . . .  . . . . : . . . . .  . :.: . 7 .  

:. . . .  . . .  ' . :  - , . . . .  .2.1 .,Multimedih, &~teriis; ')' :. . . . _ . . . . . . .  . . _ . . . . .  . - . :  . . . . . . . .  .. . . . :  . . .  . . 

' SeVeial de f in ibns  for Ihe i e m s  mtc1ti~~'dia'a~~lic~rion and hblfimedia sj)sfems are described in the . 
- . ' .  literature. Three criteria for the.classification.of a system as multirnedia system can-be.distinguished: 

These are"the nuihber of media, the lyp& of supported media and the degree of rnedia 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 a s  multimedia 

. . 
system[l8]. This is not, howevei. our  definition of multirnedia fsee chariter 2. Section 2.3). 

, . 

T h e  types of supporfcd media'ir&an ?dditionil ciiterion,[2]. In lhis q s e ,  ,we:distinguish between time- 
. . . . . : . .  . 

dkpende"i'aid tim&-.i~~de~&dent riiedia. A tim&independent media obj&t is usually presented using 
one presentation unit. An example i s a  bitmap giaphic.,~me-dependent media ,objects.are prcqented . . . .  by 

. . . . . .  a .sequene oC:presentatio;n Ünits. ~rCre'xa;ii~le.is a motiori' picture. sequence ~ g h o u t  audio '(i.e. a video. 
scquence) presented .frame after frame. Because the integration of time-'depcndent media objects is a 

. . . .  . . 
new and e-ntial aspcct in igf~m.ation.  prwss ing ,  . s6me. authors defirie.'a .muItirnedia 'system '& ji. " 

. . .  
systcm that supports the processing of morc thnn onc medium with at lcast one tirnc-dependcnt medium 
~ 9 1 .  
Thc Agwe of medicl infegrulion is the third criterion 121. In tliis casc intcgration mcans thzit thc 
different typcs of mcdiii rcinain indcpcndcnt but can be proccsscd and prcscntcd togcthcr. 
G)mt)ining aII tlircc critcrin, wc proposc Ihc following dcfinition ol a multimcdia systcm: a sysicm or 
application that supporls thc intcgratcd proccssing of scvcral mcdia typcs with at Icast onc tiink- 
dcpcndcnt mcdium. 



'Figure 1 classilies applications according to the thrce critcria. Thc arrows indicatc thc incrcasing dcgrcc 
pf multimdia capability for e c h  criterion. . . . . .  . . . . . . .  .... . . . . . . . . .  . . . . .  . . . . . . .  . . . . . .  ,, . ':.. : 1-. .-. ..,.. ' . . . . . . .< /;,'.. :: . :. . .  . . .  . . .  .. . . ...... . . . . 

4 Fill media- . . . .  . . . . . . . .  . . .  
. . . . . . . . . . . . . . . . .  ,i ntegr atioii.. " . '  . . .  . . . .  . . . _ . . 

. A'media .' , 1 rnedia . . . . .  . . .  
. . . . .  Number.of.media, . . . . .  . . Integration of.media : 

. . .  
~i~ccre 1: Classijkation of the Media Use in Micltinredia Systems 

Integrated digital systems can support all lypes of media and due to digital processing may provide a 
high dcgree of media intcgration, Systcms that handlc time-dependent analog mcdia objects and time- 
independcnt digitai media objecis are called hybrid systems [20] [21]. The disadvantage of hyhrid 
systems is that they are restrictcd with regard to the integration of time-dependcnt and time- 
independent media, because e.g. audio and video are stored on diUerent dcvices than time-indepcndcnt 
media objects and m'ultimedi workstations must comprise both typcs of deviccs. Thc Same applics to 
thc interconnection between the workstations. Audio/Vidoo-applications that implcrncnt functionalitics 
of consumer devices, like vidco recordcrs, often do not support thc intcgration of audio and vidco and 
timc-indepcndcnt mcdia objccts. In addition, thcy oftcn do not supporl thc scparatc handling of thc 
audio ;ind vidco rncdia objcccs. Singlc tirnc-dcpcndcnt mcdia objcct. arc oflcn supportcd hy audio and 
vidco scrvcrs. Traditional dcsktop-publishing systems arc cxarnplcs of intcgratcd prc>ccssing of tirnc- 
indcpcndcnt rncdia objccts. 

2.2 Basic Synchn)iiization Issues 
Intcgratcd mcdia proccssing is an important issuc of a multimcdia systcm. Thc mnin rcasons for thcsc 
intcgrniion demands iirc thc inhcrcnt dcpcndcncics hctwccn thc information codcd in lhc mcdia ohjccts. 
Thcsc dcpcndcncics havc to bc rcllcctcd in thc intcgratcd proccssing including storagc, manipulation, 
comriiunication, capturing and, in particular, thc prcscnLition of thc mcdia ohjccts. 



The word synchronization refers to time. In a more general and widely used sense somc authors usc . . 
j . . . . isynchronimtion.in mul t ipd ia  sygcms as chprisuijj cbdterit; ~ ~ a t i a l ' a i i d  tdmpbral iel.ations~vetw~~.n . .  

:. . ' .. . . . .  
' i e d i a  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 daia listed in thc spreadsheet. In this case the Same data are represented in two different 
ways. Another example is two graphics that are based on  the Same data but showing different 
interpretations of the data. 
For integrated multimedia docurnents, it is useful to express these relations explicitly to enable an 
aulomated 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 
are generated automatically and cannot be edited directly. An update of the data triggers an update of 
thc related views. This lcchnique is, Ior example, used in database systems and may also be uscd for the 
different media of a multimedia System. 
In general, the implemeniation of content relations in multimedia systems is based on the use of 
conirnon data struclures or object intcrfaces that are used to present objects using diUerent media. 

2.2.2 Spatial Relations 
The spatial relatiqns that a!e usually. known as layout relationships. define the spa,ce which.is uscd for : : . . . . 

. .. . 
, .. 

'thc ... prcscijlalion . .. 01 5. &edia; objcci..oh,an ouiprit;dq&.$' a t  .g .cerhin-point $:time' in: a in"itim.eiiii . . .,. . . 
. presentati6n. 1f'the'ouipu:t dcvicc iS twcr-dii8en$ona!'(i.g. monitor ofi papcr) the liiiout specifies 'the 

twd-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 doqument may be .; . -. 

; ."'. ,fixedlq'a . . positign ,i'h'adocumin& io:i:p9sition 0n.a 6r it may be.relative tottie~pC>s'iti6ning ofbther .. 
. . ,  ..:. . . 

. . .  frames; . , .. . . .. . . . . . .  . 

The  bnckp t  of fr~me!. can also 'be used. W sp&ify where. the presentation "nits 0i .a  t'imbdependent 
. . 

. ' media object Pre plackd. For example video frames may be positioned using lnyout frames. In window- 
oriented systems a frameor a group of frames may be represented by a window. A *indow may be 
resized, moved, iconified etc. and gives the users additional manipulation freedom Lo adapt the 
presentation to their requirements. 
Experimental t h r e  dimension'al .'outpul devices like'hblographic . .  . e x p e i i i e k s  arid. !hree-dimen&ona1' . , . . 

projeclion ailow .tO crea'ti thrce-dihcisional' jir'&&ntations; In usual 'window sistems, ihe third 
dimension is only cxprcsscd in terms of overlapping windows. Stereo audio output devices have also a 
layout lhat d,efines the positioning .of.an audio source in, a presentrr t ion~his is for example used in.'. . ., . < .  < 

audio and video confcrences to give a participant the impression of a seat ordering [22] that is related to 
thc placement,oC picturcsor vidcos of the ~ t h c r  conference parlicipanls. This gives the.uscr ;a more - - . 

n;iluriil communication iniprcssion, inikcs i t  casicr to Iollow a discussion and therefore increascs thc 
User acccptiincc. 

2.2.3 Ternporal Relatioiis 
TTCriipor;il rcl;itions dcfinc ilic tcrii1,or;il dclicndcncics hctwccn riicdi;~ ohjcc~s. Tlicy ;irc ol' iritcrcsi 
whcncvcr iimc-dcpcndcnt riicdia o1)jccts erist. 
An cxamplc of tcmpor;il rclations is thc rclation hctwccn a vidcc) and an audio objcxi that arc rccordccl 
during a conccrt. II tlicsc ohjccts iirc prcscntcd, ihc temporal rclation during the prcsent;itions of tlic two 
11icdi;i o\>jccts must corrcspond io tlic tcmpor;il rcl;iiion ;I[ thc raording momcnl. 
'I'lic time rcliitions arc wliat wc will undcrsi;ind to hc synchrc)nir~tion in muliimcdia systcms. 



'2.2.4 Comment 
P 1  three types of synchronization relations are irnporiant Iw integrated digital .multimedia systcms and . . . . ... . . 

: t r e  mtynwhilc subject e st~ndardimti&n e f f o r t s 1 i k e ~ t 1 ~ ~ [ 1 1 ]  and Bj7irne' [23J. . . . .  . . .  . . .  
,Content and spatial relations are well known from publishing and intcgratcd application systcriis witli . 
aatabases, sprcadsheets, graphical tool and word processing system. Thc key aspect in mu1iirncdi;i 
'systems is the temporal relations derivcd from the integration of timc-depcndcnt mcdia objccls. 
Therefore, the rest of this chavter addresses temporal relations only. 

2 3  Intra- and Inter-Object Synchronization 
We distinguish between time relations within the unils of onc time-dcpendcnt nicdia objcct itself and 
time relations between media objects. This scparation hclps to clarify the mcchanisrns supporting boih 
typesof relations, which oltcn are very different. 

Intra-object synchronization: The intra-object synchronization rcfers to the tinie relation betwecn 
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 01 25 framcs per socond each 
of the frames has to be display'ed fOr 40 ms. Figurc 2shows this for a vidco sequcncc showing a 
bouncing ball. 

Figure 2: Incra-objecl Synchronizafwn berween Frames of a Edeo  Sequence 
, . .  . . . . .  Shoying a Jumpütg gell. - . . . . . .  . - .  i . . . . . . . .  . . . . .  . .  . . . . 

. '.' . . 
. . . : . . . .  .;'. . .  , . . . . . . . . . . .  . . .  . . 

I .  . . . . . . . . . . . . .  . ..:.. . . . . . . . . .  
. . 

. . . .  . . : .  . . . . . . . . .  . . . . . . . . . . . . . .  . . -  , . . ,.,". . . 

lnte&bject .synch&nizatibn:. The - inter-object ~~nchro~ i i za t ion  r e f e k  to . the .synchr&izaiion 
. betwekn rnedia objects. Figure 3 shows an example of the time relations of a multimedia synchroni- 
z;ition ihat siaris with an audio/video sequence, followed by several picturesand an anirnation that is 
commented by an audio sequence. 

Figure -7: Inter-objecf Synchr-onizatioi~ Exattiple thal Slloivs Teinl)or.ctl Relnlions iit n Muliinrediu Pir- 
senrafion Iilcluding Audio, Video, Anin~cltion und Picittiz. Ol>~eci.s 

2.3.1 Time-dependent Presentation Units 
Timc-dcpendent mcdia objcct. usually consist of a scqucncc ol inlorn1;ition unils. Such inforiiintion 
unils arc known as logical d;it:i units (LDUs). 

In many c:tscs, scvcriil granu1;irity lcvcls of LDUs in i~ nicdia ol~jccl cxist. An cxainplc is ilic syiiiplioiiy 
"Thc bcar" of Joscph IInydn (Figurc 4). I t  consisis of four movcrncnts: viviicc assai, allcgrclio, iiicnuct 
and finalc. Each of thcsc niovcmcnis is an indcpcndcni, sclf closcd pnrt of ;I coriipositioii. lt consisis o f  



P 

'! 
of nolcs Sor different instrurnenls. In a digital systern each note is a sequcn? of sarnple . 

. . ihc e e  oi  CD-Quality with PCM .coding without &mpressioni a sample rate of  $410h'Hz. 
' k v i 1 h . t ~  channels and 16 bit rcsolution k r  channel i$ used. 0n .a  CD these sample v.alues are combined 

$0 blocks of 1/75 s duration. 

Samples 

Notes 

Movernents 

Symphony 

Figure 4: The LDU Hierarchy 

The used level of granularity is application dependent. It is possible to look at  the whole syrnphony, the 
movements, thc notcs, the samples or the combined samples as LDUs. The selection of the  LDUs 
dcpends on thc opcrations tliat should be performed on a media objecl. For simple presentation 
opcrations like "play" the whole syrnphony or  the movements are the useful LDUs. For applying 
instrurnenl base? playing techniques the notes as srnallest description units in the rnusical area are.the , 

. . 
. useful granulaiily: Fbr the  signal processing task, t h i  opkratiqns arc based on sa'rnples or blocks of ' . . 

. . samples. 
Another example is an uncompressed video object'that is divided in scenes and frames. The frames can 
be partitioned in arcas of .16x1.6 pixeis; Each pixel consists of-lurninance and chrominance values. All 

. these uni& are candidates a s  LDU units. . . . .  . _..<  . . . . . . . . . . .  . . . . .  - .  : . . . . . . . .  - . . in video $ecqueiic<,,comiedin the MPEG. [a} & h a t ,  ,rdund~ncie~.&ithi~.sU'bse~uent f rahes  h a y .  b k  . -  . ' 

.used lo redu& the arnount.of digi1al..data used to.represint the rnedia object (Inter-fiarne wnipression). 

. . 
In this.case a sequence of frarnes that are interframe'cornp~essed can be regarded a s  LDU. . 

. . 
T h e  levels of granularity' imily a hierarchicil deckos i t i on  of kedia objkts .  o f t&  ihere are two 
kinds of hierarchies. The first is a confent hkrarchy that is irnplied by the content of the rnedia object. 
This is the hierarchy of symphony, rnovernent and notes in the syrnphony exarnple. The second is the 
coding hkrarchy based on ihe data encoding. .For the syrnphony exarnple the hierarchy may be a rnedia 
objcct representing.a rnovernent, that is' divideil in.to.blocks of samples.. The sa'mples'are the . . . . . . . . . . . . . .  lowest' 

. . . . . . . .  . . .  ., ; . ,  . . . level of ihecoding hierarchy..' : ,. . . .  . .  . 

In addition LDUs can be classified into Open and closed LDUs; Closed LDUs have a predictable 
duration. .Exam.ples a r c  LDUs thatare parts..o.fstored m d i a  objects c i f c o n t i ~ i ~ i i s  rnedia likeaudio'and ' ' .. ' ' 

. . . . 
, . 

video 6r stored rncdia objecls with a fixed duratich. Ttie duration of Open LDUs is not predictablc 
belore the cxccution of thc prcsentation. Open LDUs. typically represenl -inpui from a live source, for 
&ample a &mcA br :i rnicrophone, or  rnedia objects that include a user.interaction. 



' 23.2 Classification of Logical Data Units 
For. digital vidco often the framcs are selected as LDUs. For cxarnple for a video with .30 p.icfurcs pcr . :?.. . : . . .  .“ . . .  :,skcond, each logi@l dab-unit is a clO'sed'LDU wiih ~ d u d t i o n  6f 1/3~s,r(~fgtire..5)_ : . . . . . . . .  

Figure 5: ~his'ical Unitr as LDUs 

In the case of the basic physical unit being tuo small to handle, often LDUs arc sclectcd that block thc 
samples into uni& of a fixed duration. A typical example is an audio stream whcrc the physical unit 
duration is vcry small, thcrefore, LDUs are formed comprising 512 sarnplcs. In the exarnple shown in 
Figure 6, one sample is coded with one Byte, and hence, each block contains 512 Bytes. 

.................................. ..... 

........................................ Pic. 1 

Physical Frame Duration = llsample frequencies (e.g. 118000 s) . 
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. . .  . Duratiori of a Logical Data Uni1 of.512:Bytes.(e.s. = 0.064,s) . . . . 
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Pic. 2 Pic. 3 
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- . F i g i r ~  6:Bloc~xi  ~ ~ t ~ s i c a f  Unils ar LDUs . " 

. . 

Pic. 4 

Captured media objects usually have a natural basic duration of an LDU. In cornpulcr-gcncratcd nicdia 
objects, the duration of LDUs may be selected by the User. An examplc of thcse user-dcfincd LDU 
durations is the frames of an animation sequcnce. For the prcsentation of a two second animation 
sequcnce 30 to 60 picturcs may be generated depending on the nccessary quality. Thus, the LDU 
duration depcnds on thc sclectcd picture rate (Figure 7). 

Figi<t-c 7: LDU Size Selecred 11y User 

Frame1 

. . 
Sircams arc.morc complcx whcn thc LDUs vary in durations. An cxarnplc is thc rccording of hvcnt.. nt 

....... - ................... " ................ 
.... 

Frame 2 .... ... ....................................... 

a graphical uscr in1crf;icc 10 rcpl:iy a uscr intcraclion. In ihis casc, an LDU is an cvcnt wiih a duration 

t-) 
. . 

t 

Duration of Logical Data Units o f  Selected Size (= e.g. 111 5 s) 



lasting until the ncxt evcnt. The duration of LDUsdcpend on tlie uwr interaction . and . variccaccordingl.y . . .  :, . . . . . < .  ' . . . . . .  . . '  . . . . . . . .  . . . . . .:;- - ' 

.. . . . . . .  . . .  : iFigure 8): .  .. . .  . . . . . . . . .  . . . . . . .  . . , . 
. ! ' .  . . . . 

Fig1u.e 8: LDUs of Varying Ditralions 

Open LDUs with unprediclahle duration are given in the case that the LDU has no inherent duration. 
An examplc of an open LDU, (i.e. an LDU with no inherent duration), is a User interaction in which the 
duration of Ihc interaction is not known in advance (Figure 9). 
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User selection 
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LDUs of  a Recorded User Interaction 

Action 2 

~ ; ~ u i . t .  9: An Open LDU Represen fing a User Inlrractiori 
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Timers can be regardcd as streams of.emp1y LDUswitha figed.duyation.(Figu.rk 10). . . . . . .  . . . .  . . . .  . . 
. . .  . . . . . . . .  . .  

. . .  . . . . . . . .  . . . . . . . .  . . . . :  . . . .  
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+ t 
LDU,duration not kngwn before the 'adual processing .' . . . . . . .  . . . . .  . . . .  . . 

Figure 10: LDUs of a timer 
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Tahle 1 givcs an overvicw of thc typcs of LDUs discussed abovc. 
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. . . . .  . . . .  . . 
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LDUs of 10'ms durathn ' t 

Tuhkr 1 : T y p .  o/ LDUs 
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Fixed LDU duration ' ' ' 

Variable, iinknown 
LDU dur;ition 

2.3.3 Furtlier exaniples 
Thc kollowing tlircc cx;irnplcs sliow synchroniziition biiwd on LDUs. 

. . .  . . LDU duration defined . . , ., 

during capturing 
. . 

AudiO, video .' 

Recorded interaction 

.LDU duratiori defined by the 
user 

~ n i m a t i o n ,  ~ i m e r  

IJser interaction 



'.. 1. Lip synchronimtion demands tight coupling o f  audio and vidco strcxims. Synchrcmiir-ition c;in hc 
specificd by deiining a maximal skew between the two media slreams (Figure 11). . . .  . . . . .. . - . .  . . . . .  ... . . .  . . . .  i . . .  ., . .  . - . . . .  . . . . . .  . . 

I I Franie I ( Frame 2 1 Frame 3 1 Franic 4 [ l ~ r a n i e  11) I ........................................ 

I Audio max. 80 nis advancc 
Video max. 80 ms advancc 

Figure 11: LDU View of Lip Syrtchronizaiion 

2. A slide show with audio commentary demands that the changc of slides bc tcmpordly related to thc 
audio commentary (Figure 12). 

2.4 Live and Syiitlielical Synclironization 
Thc livc and synlhclical synchroni7~lion distinclion rcfcrs to lhc lypc of lhc dctcrniination of tcmpor;il 
rcliitions. In thc casc of live s))ncltroriizurion, thc goiil o f  lhc synchronimtion is to cxnctly rcproducc ;II ;I 

. - 
, . . . .  . . . . . .  

Figure 12: LDU Vkrv of a Slide Show 
. . 

3. The f&llowing example shown in Figure 13 will be  used in Sectiqn 5 to demonstrate synchronization 
. . . . .  . . . . . . . , .  . . . . .  cpeci fication methods. . . . . .. .... . . . . . 

. . . .  . . . . . . . .  . . . . . . .  : . .  b 

. . .  . . 

A lipsynchmnized .audio/vidco sciucnre ( A ~ ~ W I  atrd W O )  i s  follo.weh bi  tlie rrplay oT a 
' 

recorded user interaction'(RI), a slide sequence (PI - P-?) and an aiumation @nimation) which is 
. . pirtially commcntcd &ing an audio sequerice (Audio2): Starting the .aiiiiiiatioii preseritation, i 

multiple clioice qucstion is presented to the User (Inleraclion). Iltlie User Iias inadc a selcction, a final 
picture (Pd) is shown. 

Slide 1 Slide 2 Slide 3 Slide 4 

t 
Audio sequence 

. . .  . . .  . . ., . 
, . .  

. . . '  



presentation tlie temporal relations, a s  they existed during the capluring proccss. In the case o f .  
synt~teticalsynchronizafion the temporal relations are ariificially specified 1251: . . . . .  .. . . . . .  . . 

I . . .  
The following example shows aspects of live synchronization: 
I 

Two persoiis located at differeiit sites of a company discuss a riew product. Tlierefore tliey use a vidco 
coiiference application for persoii to prsoii discussion. In addiiion they sharc a blackboard where they 
caii display Paris of ilie product and they can point with Iheir mouse pointers to details of lliese parts 
and discuss soine issues like: "This part is designed to ..." 

. .n.ir example .cov&rs (wo l ive  synchron.iUltion rspects: n i e  :video wnfer inee  demands f& a lip ' ' . ' '  ,, . 
. ' 

. . .  

synchronization of the audio and video, and the movement of the mouse pointer has to be  synchronized 
. . . .  . '  . 

to the corresponding explanation given in the video conference. . '. 
. . . . . . .  

An example oi synthelical Synkhronizatiori i s  a liaming envif6nm&nt of A bity r&lized b y  ih'e Bank 
Street College of Education, New York [26]: 

A learner inay perform a virtual voyage (sitrrogate rrnvel) to an ancient Maya city. Using a Joystick the 
leanier walks through the juiigle aiid explores the Maya ruiiis. At the..same tiin. he hears thc sounds . 

froiii tlie juiigle. Hc caii also take a closer look to tlic nature in the environineiit aiid he can "visil" a 
vidco iiiuscuin to gct funher inforinatioii. 

In the case oi synthetical synchronization, temporal relations have been assigned to media objects that 
wcre crealed indcpcndenlly of cach other. The synthetical synchronizalion is often used in presenlation 
and retrieval-bascd Systems with stored d a h  objects that are arranged to providc new combined 
multimedia objects. A inedia object may be part of several multimedia objecls. For example, the Same 
videq clip about Germany may be part of a multimedia object that prcsents the countries of the L , ,  

Europkan UniOn' aS wcll as  of a multimedia object that preseni; the awntries qualifiedfor.the soccer - .. 

. . '  world cup. Media objects of a muliimedia object may be stored/locateS at different Servers. 
For the synthetical synchronization, it is necessary to use a model for the spccification and 
manipulation of temporal synchronimtionconditions and operations. Common examples [27] for such 
operations are: . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . .  , - " .  , . 

. . . . . . .  . . . . . . , . . . . .  . . ,  . .  . . . . . .  ... . . . . .  . . . . . . .  .t.. 10 p'rese.nt:mkdia ~tre~t&,i'rinparallkl. .. . . .  . . 
. . . . ' . . . . . . : . . . .  . . . . .  . . . . . . . - 
. . to present media streams o n e  after the other (skrial) . . 

. . 
. . ., . . to present.media strearn independent from each oth'er. . . 

2.4.1 Live Synchronization 
The  typical application of Sive synchronization. is  conversational services. In the scope of a source/sink . 

, 
. ' scenario, a l  Ihe'kurce.volatile~data streams (i.e., data being captured irom.the environment) are created 

. . . . . .  . . . . . . . .  which are pr&nted a t  the sink (Figure 14):The 'mmmon. coniext 'bf sevewl, strcams on .lhe ~ u r c e  site 
has to be preservcd at the sink. The  source may comprise acoustic and optical Sensors as  well as  media 

. . . . .  conversion units. The  conncction offe- . a , .  data . p a .  between: a ~ u r c e  and a sink. ,The sink .presents.the. . 
. . . .  . . .  

..'' ~nitst6'thG'user. A &&ce arid a Sink maybC' loca t~d~on different localions. 

Fijpre 14: Live Syticlironizution wirhour Intermediate Long- term Storage 

. . .  

Source !. 
. . . . . . . . . .  

. . .  

..':.::.Sink ... , . : !  

. . . .  ........ .... . . . . . .  . . . . . . . .  .......................... 
.,.I:.:: ...;; ::, .,: :.: 



"The goal of synchronization in such a sccnario is to rcproduce at thc sink thc signals in thc sainc way as 

they appeared at the source, A possible manipulalion by the sink i s  10 adapt the .pres?tati~n.j<~..ihc . .' I . . . . . .  
. . . . . available I r e s ~ u & s . - ~ @  m.ay be, f6r,exafliiple;-;i'cha!+ge ef.rewlutian'or'fi. lower franie &l&;%,:rtiducc 

* . ': ' " ' '. ' 

. resour6e'uSage, it is preferable 1ha.t such adaphticins bc already performed al the source, in particlilar i i  
$he source and the sink are distributed and connected by a network. 
'Another type of live synchroniration is shown in Figure 15 and includes a storagc which holds thc 
encoded data. The presentation goal is the same as  bcfore but thc capturing and thc presenhtion arc dc- 
coupled. In this case, it is possible to manipulate thc presentation of the mcdia. The  presentation speed 
may be changed, and random acc-s is  possible (whjch is.not possible in lhe, scenacio shown in f igure _ . . .  

. . 
14). 

Fig1ci-e 15: Live Synchl-onization with Intermediate Long-term Storage anci Deiqed Pieseniatiort 

In Summary, w e  must emphas,ize that the primary ,demand of live synchrcnization is to prcsent 'data .: . . . . .  . . 
. - . .  . . . . .  .: .. 

. . . . .  . . . . . .  a ~ q 3 r d . l . ~  . . . . . . . .  to ihe ~e'wral:i.elatioii~ . . . .  . Ghich . . .  e x i ~ t e d : d " r i n ~ . t h e : ~ t u ~ i h ~  . . prOcess o l i h c  ~edki'9bj&&. . . .  .-• : .. . . 
. . . .' . . 

2.4.2 sy nthetical'~~nchronization 
The emphasis of synthetical synchronization is to support flexible synchronization relations betwecn 
media. In the synthetical synchronization two phases a n  be distinguished:. . . . .  . . . .  . . . . .  . . 

. . - . In ihe sPecijiiai@ph&, temporal re1atiGiis bctween ihk midia 6bGls ark defined: ' ' . . . . . . 
: In hepresenrurkm phase,a runtime'system presents dah.  in a synch~nized'möde.  . . . . 

. . . . ,  
. : . :' .-. The following example shows this,for the cieation of a multirnedia presentatioii." 

Four audio messages are recorded that rclate to Parts of an cngine. An aiiiiiiation sequciicc shows a 
slow roiation of 360 degree of the enginc. With a software tool (e.g. a synchroiiization cditor) time rela- 
tions between tlie animation and ihe malching audio sequences amdefined. The inedia ohjects with the 
synchronization specificalion can be uscd by a presentation t ~ o l  (hat exccules the,synchronizcd phsen- 

. . . . - .  . 
lalion. . 

In the specification phase of synthetical synchronization, the captvrcd or creatcd rnedia objecis arc 
explicitly synchronized., Media, objects that are stored. in a live .synchronization cccnario can also bc ' ' . 

included in a synthetical synchr&ization playback. 

Anothcr variation of the synthetical synchronimtion is the synchronization specification at runtirnc: 

In a railway liine-tablc iiifonnation System, a User spccifics his de.inarids. Ati autoinatically gcncratcd 
audio scqucncc prcscnts tliis information to tbe User. Duriiig the prcseiilatioii, a vidco scqriciicc is dis- 
played tliat shows how lo go to tlic dcparlurc gatcways aiid how to procccd at tlic arrival station. l l ic  
syiiclironizatioii hclwcen tlic gcncratcd audio and tlic vidco is pcrfoniicd iii  niiitiiiic. 

2.5 Comment . 

In thc GISC of livc synchroniz;iiion, lhe synchroni7alion spccificalion is implicitly dcfincd during 
capturing. In thc casc of synthc1ic;il synchronization, thc spccificalion is donc ~xplicitly. If mcdia 
objccts arc prcscntcd dclaycd, prcscnhtion rnanipulations like changing llic prcscntation spccd and 
dircciion and diroct iicccss io a part of thc ohjccl arc possiblc. Adapling ihc prcscniation quality to lhc 
uscr dcmands or tlic capncity of ihc undcrlying systcin rcsourccs, is possihlc in hoth cascs. 



,User interaction in live synchronization includes only the intcractioq during capluring.: Synt1,~ticai . . . . . . . . .  . . . . . .  . . .  . . . . '  
,~ynchroni.zihn.ca,n l i i d ü d ~ . i i i t e r i l c t i o n s ,  lor'kxample b r  navigati6n:in ~hepicientatii>n. . . .  . . . .  

. . 

3 Presentation Requirements 
For delivcring multimedia data correctly at the User interface, synchronization is essential. It is not 
possible (o providc an objcctive measurement for synchronization from the viewpoint of  subjective 

- human perception: As hunian perception varies from persun (o Person, only heuristic criteria can 
determine whcther a stream presentation is correct or not. In this section resulls of some extensive 
experiments are prcscnied that are rclated to human perception of synchronization between different 
media. 
Presentation requiremenls comprise, for intra-object synchronization, the accuracy concerning delays 
in the prcsentation of LDUs and, for inter-object synchronization, the accuracy in the parallel 
preseniaiion of media objects. 
For intra-object synchronization, we try to avoid any jitter in consecutive LDUs. Whercas processes 
can wait for each oiher, using the method of  blocking (e.g. in CSP). A data stream of time independent 
LDUs can also be stopped. 

Figure 16: The Gap Problem, Restric~ed Blocking 

There is,a different situation. when looking at sequences of audio and moving pictures: ' 
. . . . 

- What does.the blocking 6f 3 streain 6f moving picturis means for i h i  connccted ou&t devicb? :.. . .  

- Should and'cai ihe last picture of astream be shown during the blocking? 

- Should, in the case of spccch or  music, a prcvious part be rcpeated during the.blocking? . 
. . . . . . . .  . . . .  . . . . 

. . . . .  - How lang ciinsuch' ii g $ . i i  Showti"'i'n'Piguie i 6 ekist? 
This situation has bccome known . . .  as the Gap Problem [28]. In the case,of moving pictures, existing 

, .  . , .  

. . systcms arcdlvi i ig t h i  pr~blc ih  b y ' s h p l ~  iwiich'ing theoutput dcvice 16 -dark or  whitc or  by showing 
thc last moving picture as  a still picturc. A practical sc>lution hns to rcgard thc factor limc. I1 is 
significant, whcthcr the duration of  such a gap is a couplc of millisec<>nds, a couplc of scconds or  cvcn 
a couplc of minutcs. Only tlic actuiil iipplication (and not thc systcm) is ahlc 10 sclcct Ihc bcst solution. 
Thcrclorc iil1crn;itivcs hiivc io 1,c availiihlc thiit arc sclcctcd in dcpcndcncc of ihc cxpccicd tirnc o l  ilic 
hlocking. I'hc conccpt of alicrnativc prcscntations is indiciiicd in Figurc 16. I n  tliis cxiiriiplc, i t  is shown 
that in thC casc tliat ihe grip hciwccn tlic litte video and thc audio cxcccds a prcdcfincd thrcshold, Ihc 
audio prcscntiition is switchcd k> an iiltcrnativc prcscnlation. In  ilic ciisc, thai thc giip is shortcr, thc 
audio prcscnttion miiy hc stoppcd until tlic gap is closed. In gcncriil, in tlic casc of blocking, iilicrnalivc 
singlc picturcs, scqucnccs o l  picturcs, o r  audio sign:ils ciin hc prcscntcd, o r  siiiiply ;ilrc;idy uscd 
prcscnlation units can hc rcpciitcd. This mctliod of hlock i ng of proccsscs rcspcctivcl y sirciims o l  audio 
iind v idw is known as Resfricfed Blocking. 



' ~ h e  rcstrictcd blocking uscs as a nicans for rcsynchroni7~lion the rcpc;itcd prcscnl;ition o l  tlic Iiist 
sample(s) or an alternative presentation. Anothcr possibility is thc rc-sampling . . of a strcam..The hasic . . 

- . . : idea . o t . r p sa~p l i ng .  i s  10: speedcup or s l ~ - d o w ~ ~  stieams, fbr lhe ptirposC:sf synchk~ni3;itiofi. wc . . . .  
distinguish*off-line and on-linc re-sampling: Off-line rc-sampling is uscd aftcr thc capluring of nicdi;~ 
strearns with independent devices. An exarnplc is a concert which is capturcd with two independent 
hudio and video devices. If theses devices, like rnany real-world dcvices, have insuficient accurate 
crystal clocks, the theoretic playback duration according to thc sample rate of the stored audio and 
video sequences rnay differ. Before the execution of the presentation, it is possible to re-sample thcm to 
the sarnc theoretic playback duration. On-line re-sampling is.used during a presentation in the case.that , .. 

. . : .:. . 
i t  turitime a gap b&ween niedia stieiims &Urs. 
Methods for re-sampling are to re-define the playback .rate, .to duplicate,, to interpolatc or. to skip 

. . .  

samples, or  t o  ,re-qlcul~e t h .  w h ~ l e ' s e ~ ~ c n c e .  The human. perccption of .  the re-samplinp depcnds 
. . . . 

strongly 6n the rnedia. Vidco sequences can be re-sarnplcd by adding or dcleting singlc frames in ;i 
stream, as  it is for example done in NTSCIPAL conversions. If the output device Supports different 
playback rates, the playback rate can directly he adjusted. 
More complex is the Situation in thc case of audio slrcams. A User will be annoycd by duplicated or 
deleted blocks of audio. Also changes in the playback rate can casily bc noticcd by thc User, especially 
in the case of music playback, because the frequency is changing. The Same is true for simplc 
interpolation of samples. Algorilhms exist that can stretch or widen an audio sequence without this 
frequency changc. Bul thcy do not supp r t  real time dcmands and arc only suitablc kor om-linc rc- 
sampling. 
For inter-object synchronization more detailed results o i  sludies in the lip synchronization and pointcr 

. synchronization [29]. area arc described. in the .following to make. clear 'the importancc of uscr 
. . - pkrception aspects tor prcseni,ation .ac&mcy. 'A Summary of ~Quiremepts fgr'othci synchmnizat'ion 

' . requirernents follows. 
. .  .% . . .  . . .  . . . . . . 

..... 

3.1 U p  ~~nchmnization Requirements 
... 'Lip.synchronizatbn' refers to the. temporal' waiioaship. betwei . . . .  aniaudio .! .';rnd.viag.:stream..fof 'the. . .:' :. , . . . . . .  

. . parti=ular:.casti of h U r n a ~ s ~ s p ~ i i i g . " l l ~  time . d i I f e ~ k n ~ " b ~ & k  related audio 'arid vid& LDUs is'. 
known,as the 'skew':Streams which are perfectly 'in sync9.have no skew, i.e:, 0 ms. Experiments 8t.tIi2 - 

. . IBM European Networking Center [29] rneasured the skews that were perceived äs 'out of 'synk9. In 
their experirnents users often rnentioned that something is wrong with the synchronization, but this did 
not disturb their feeling for the quality of the prcsentation. Thcrcfore, the experimenters additionally 
evaluated the tolerante of thc users by asking if the data out of sink affccts the quality of  the 

. . 
presentationr . . .  . . .  

. . . . 
In di,~"ssions with expe~ts.,that ,W& with audio .a"d. yidco .ih~.expcrirnentcrs camc to realize -that - .  

: g e ~ c r a l l ~ s ~ b j c c ( s  k p o n d e d  toor  rcmembcrcd particular parts of the clips, thcrelore a widc range of 
skcws (up to 240 rns) the cxperimenters observed. A comparison and a gcneral usage of these values . . .  . 

. . . . . . . .  
: . . . . . . . . . .  are sorncwhat .doubthl:becausc the .  erivirbninints :frciri'~which;thcy i'csiiltea : werc not.cG&Darahl e: In'. 

s m c  cases thc expcrimenters encountercd thc 'hcad view* displayed in front of some singlc .color 
. .  . . background,on.-a. high mxoluiion :professional monitor whcreas in othcrs.:a 'hody. view"in a video. " 

window at a rcsolution of 240'256 pixcls in ihc middlc o i  somc hncing pcoplc. In ordcr to gct accuralc 
and good skcw tolcrancc lcvcls thc cxpcrimcntcrs .wlcctcd a spcakcr in a T V  ncws cnvirontncnl in ii 
hcad and shouldcr shoi (Figurc 17). I n  this oricnialion thc vicwcr is not disturhcd by biickground 
init>rm;rtion ;ind thc vicwcr should hc ;ittr;ictcd hy thc gcsturc, cycs, :intl lip niovcnicrit o i  thc spc:ikcr. 
Thcir study was pcrforriicd in thc ncws cnvironmcnt in which thc cxpcrinicntcrs rccordcd tlic 
prcscntalion and lhcn rc-playcd it with artilicially introduccd skcws crciitcd with prolcssional cditing 
cquipmcnt skcwcd a1 inicrvals oT 40ms i.c. -120ms, -80ms, -40rns, Oms, +4Oms, +80ms, +12(lnis. Stcps 
o i  40 riis wcrc choscn Tor: 

(I)  thc difliculty in huni:in pcrccption to tlistinguisli :iny lip synchronizition skcw witli ;i Iiiglicr rcs- 
olulion. 

(2) tlic c;ip;ihility of iiiultiiiicdi;~ so1'tw;irc ;ind h;irdw:irc dcviccs t o  rcfrcsli inotion vitlco d;it;i cvcry 



Figure 17: Lefi: Head View, Middle: Sholclder Vww, Righr: Body Eew 

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. 
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... _ . . .  
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. . . . . .  . . .  . .  Figue 18: ~ e l e c t i o n o / ~ y n c h t @ @ d ~ ~ k o r s  W:h. Respect tu the.Thee DgereN Vieys. ':.. ... : ' . . .  
. . . .  . ;  . . . . .  . . 

Left pa i t , ' he~ad~c  skew; vid& ahead &f audio; dght part, positive skew; video behind audio 
. . . . . . . . < . .  \ . :.. . ., . 

:., . . . .  Figurc 19'shows the sainc curires'.h &oik 'dbtail."~ cireliil af;Bljkk'pr&id&s us with inforrnation 
rcgarding thc asymmctry, soinc pcriodic ripples and minor diffcrenccs hetween the various vicws. 



Skew [msec] . . .  1 Head Vew . F% Shwldei Vew - ,- Body Vim I , : .  .. . . 
. . . . . . . .  . . . . . .  . . . . . .  . . . . . : . . .  . . . . . . . . . . . . . .  . . .  . . . . . . _ . .  . . . .  . ! '  . . . . .. . . . . . . . . .  . . . . . . . . .  . . . .  . . . . .  . . .. :. ., - . . . . . . .  ..- . .  , , . : . . . . .  I .  

...<. ' . . . . . . . . . . . . . .  .1 ...:.:. , . . . . .  . . . . . . .  .. . . <  ' . . . . .  . . . . . . . . .  . . . . . FigqFe. 19: Drtection 6 - ~ ~ n c i i i ~ o i i z o ~ i o i  ~rrn1.i . . . . . .  
. . , .. 

Left of the central axis the graph relates to negative skew values where thc video is ahead of the audio 
. and on the right where the audio is ahead of the uidco. Day to day we often experience the situation 

where the motion of the lips are perceived a little before the audio is heard, due the greater vel&ity of 
light ihan' N u n 4  this is indikted by ihe'right harid Side of the curves being steeper than the left sides.. 
The 'body view;'curve is broaperlhan the 'head view*'.curve as.at the former a small skew is iasiei to 
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 difiiculties in identifying the synchronization error 
even with fairly high skew values. A careful analysis of this phenomenon is dificult due to the sample 
volumc (few more than a 100), the media content to be synchronized and the human mind and mood. 
However, one plausible explanation muld be: At the relative minima, the speech signal was closely 
related to the movement of lhe lips which tends to be quasi periodic. Errors were easy to noticc at the 
starf end of pauscs as well as whenever a change in tone is introduced (a point being cmphasized). 
Errors in the middlc of scntences are more dinicult to notice. Also we tcnd to conccntratc morc at thc 
start of a conversation than oncc the subject is clcar. A subscqucnt tcst conhining video clips with 
skcws according to thcsc: minima (without pauscs and not showing thc start, the cnd, and changcs in  
tonc) causcd prohlcms in idcntifying if  thcrc was indccd ;I synchronixation crror. 
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. ~ i ~ r t r e ' 2 0 :  A i w s  ~c?la.!ed fo  fhe Delecliorr of Synclitvnizafion Et.rnt-s 

. . . . . . . .  . . . .  ' Figure 20 shgws the fqllowing areas: . . . . . . .  . .  . . .  . . .  . . . . .  ::. , .  . , . : .:. ' -. . . 
. . . . . . . .  . . . - i. 

. .:.. . . . .  
. *. T h e  'in rqicik.' itiit:ipans a skew betibckn -80 'mk(audio. behind vidcci) äqd +80 ms (aiidio 

. . . .  . . . .  
. .  ahe'ad ,of.v.ideo)....ln. ttiis Zone mosi of thktest. c;tnhidat&"did:not.det&t thc"syrichrCiniiaiion error.,, 

. . .  . . Vcry .few people Said (hat if ihefe Was an error it did affect their notion of the quality of the video. 
Addiiionally, some resulis indicated that the perfect 'in sync' clip was 'out of sync'. Their conclu- 
sion is that lip synchronizalic>n can be tolerated within these limits. 

Thc 'out of sync' areas Span hcyond a skew oi -160 ms and +I60 ms. Nearly everybody dctected 
thesc errors and were dissatisficd with the clips. Data delivered with such a skcv? is in gcneial not 
acccptable, Additionally, often a distraction occurred; the viewer/listener became morc amacted by 
this 'out ol sync* effect ihan by the content itself. 

. In . thc 'transient' area, whcre audio is ah,ead of video,. tho closcr the speaker was the easiererrors.... 
wer~dctec tcd  and described it as  disturbing. The Same applies io the ovenill resolution, the bcttcr 
thc rcsolution was ihe rnore,obvious thc lip synchronimtion errors became. 

A sccond 'trüiisieiit' ürea whcrc video i.~ ahead of audio is ch;iractcrizcd by ;I similar bchiivior a s  
:it>c>vc iis long iis thc skcw v;ilucs ;irc ncar thc in  sync arca. Onc intcresting cficct did cmcrgc and it  
WiiS i1i:tt video iilic;id oi itudio could hc iolcratcd bcttcr ihan thc vicc Vers:!. As iil>ovc tlic closcr thc 
spciikcr is, tlic iriorc olwious tlic skcw is. 

This ;isyiiiinctry is vcry pl;iusihlc: In ii convcrs;ition whcrc two pcoplc arc lociitcd 20 m ;tp;irt, thc 
visuiil irnprcssion will ;ilw;iys hc iihout 00 iiis ahciid'of thc acousiics duc 1;) tlic iiist liglit prop;ig;ition 
coi1ip;ircd to tlic acoustic wiivc propag;ition. Tlic cxpcriiiicnicrs ;irc just riiorc uscd to tliis si1u;ition 
th;in thc oncs in t h c  tcst. 



3.2 Pointer Synchronization Requirements 
Ip a cornputer-supported co-operative york (CSC.W) ). environmcnt, q w c r a s ,  and .,micwphoncs arc . . .  

' . .  .. -. qsurlly. attached 10 t h e  tis&* workstaiioA. In thiir next 'expcrimcnt thc exfit5rinientck'Iwkc;d 'at ';i . ' - .  . ' ' ' ' . 

b;~isine& report that conlain; sorne data with accompanying graphics. All participank have a window 
bi th  these graphics on their dcsktop where a shared pointcr that is uscd in ihe discussion. Usinp this 
h i n t e r  speakers point out  individual elernenls of the graphics which may be relevant 10 thc discussion 
taking place. This  obviously requires synchronizalion of lhe audio and the remote tclepointer. 

Figure 21; Pointer Synclzr-onizalwn Experiment Based on a Map and on a Technical.Skefc:I~ . . . . _  .. 
. . 

. . .  
The exp&imentcrs cihducted two experirncrits: . .  The first was to explain some technical parts of  a sailing hont whilc a pointcr Itxatcs tlie area undcr 

discussion.(Figure.21, right side). Th6 shorter the expla'natio~, the more crucial the synchr&nization 
. . tums out to b e  therefore the .experirnenters selected a fast sp.eaking.person who y a s  to use. fairly. . . . '  . . . . . .  . . . . . . . . . . .  . . . . . .  . . . . .  . . . .' . . . .  . . .  Y.. . shott w6rds . : . .  : . . . . . . . . . . . . . . . . . . . . . .  . . ..:. . : . . . . .  . , . . 

. . .  . . . . 
* . .  Additionally.~he..experimente~ hdd a second .experimerit. with th'e explanation of a travelliig:fiuit? ...-: 

on  a map (Figure 21, left side) this involves the'ccintinuous.rnovement of the pointcr. . . 



Figrue 22: Dekclion of fhe Pointer S~lnchronimtion Errors 

. 

. . . . . . .  . . : .  . . . . .  . . . . .  . . .  .... . . .  . . .  ' .  . . . .' . . .  . . . . . . .  
.. ' . . , . _  . . . . . . . < .  , .. 

. . From, the human pe&epti.oti'. k i n t  o f  ' ~ + w , ~ i n < e i  'kyh&hroiiizaCibn i's very d i f f k h t  from lip . . 

.synchroni&ti9n as- i t  is'much. More difficult to detect .the 'but of sync' error at  sk& vallies near the 
. . ' . err9r-frix c a ~ .  Whilc a 1ip.synchronigtion e m r  is a matter of discussion for a skews between 40  ms 

and 160 ms, for a pointer the values lie beiween 250 ms and  1500ms; figure 8 shows the some results. 
Using the Same judgement technique a s  in their first experiments, the 'in sync' area related to audio 
ahead o l  pointing is 750ms and for pointing ahead of audio it is 500 ms (Figure 22). This w n e  allows 

, .  . . 

for a clear definition ofthc.'in sync' bchavior regardless ~ i '  . thecontent. . . . .  

Thc 'out'.6fsyne' irei ipans a s k e w  bi iond -1000ms nnd beyond.+1250 ms..At 1his.point the lest :' . . . . 
~ ? n d d a t c s  b&an to meation thal the skew makes the attempted synchronhtion worthleis and became 
distracted unlcss the speaker slowed down or  moved the pointer more slowly. From the user interface . .  . ,. 

. 
. . . . .  . . . . .  . . .  

...... .pcrspkctive,:.thk isnot.a&eptable quite':dearly.the'ptadise.of poititiiig io &ie'locati&n~o~~the&clinical 
figure while discussing anothcr is virtually impossible. 

. . . . 

- . . In thc ;'transient9 area thecxperirnenters fofound that.many lest cand'idaies ndiced tiie' 'ciut bf s'ync' 
cffcct but it wirs not mcntioncd ;ts annoying. This is ccrlainly diffcrcnt from 'lip sync' whcrc thc uscr is 
morc scnsiiivc io the skcw iind wiihout qucstion found it annoying. 

. . . . 
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Figure 23 shows the nurnber of pcople who dislike'd or are indifferent towards the pointer 
synchronization error. It is worth rnentioning that for scveral skew values most of thc lest candidates' . . 

. . . . . . . .  detected,tkfault but.did nbt object to:such .skew,'hence.the b r~ad ;~ in . sysc*  andWansient9 apx.:. . . . . . .  . . , . 

. . . . . . . . . . . . . .  . . . . .  . . . .  . . . . . . .  . . . . . . .  . . . . . .  . < . .  . . . . . . . .  . . 
. . 3 3  ~lernentar~ ~ e d i a ~ ~ n c h r n n i z s t i o n  . . . . . . . .  . . . .  .. . . 

Lip synchronization and pointer synchronization wcre investigated due to inconsisteni results from 
available sour&. Th; following sumrnarizes other synchronization results to give a cornplete picture of 
synchronization requirements. 
Since the beginnings ofdigital audio the 'jittcr' to be tolerated by. dedicated hardware has becn studied. 
Dannenberg provided us sornc referenck and the following explanations of thcse studin: In 1301 the 
maxirnurn allowable jittcr for 16 bit quality audio in a sarnple period is 200ps, which is the error 
equivalcnce to the magnitude of the LSB (least significant bit) of a full-lcvcl rnaxirnum-frcquency 20 

. . 

KHz signal. In 131) some perception. experiments reco'mmended an all6wablc jittei' in än'audio sahplc 
period between 5 and 10 ns. Further perception cxperimcnts were carried out hy [32] and 1331, thc 
rnaximum spacing of short c l i cksb  obtain fusion intownc cdntinuous tr)ne was giv-en at 2ms (a's citcd 
by 1341). 
Thc combination o l  audio und animalion is usually not as stringent as lip synchroni7~tion. A 
rnultimcdia coursc on dancing, lor examplc, could show thc dancing stcps iis animatcd scqucnccs with 
accompanying music. By making usc o l  thc intcractivc capahilitics, individu;il scqucnccs can hc 
vicwcd ovcr and ovcr again. In this particular cxamplc thc synchronization bctwccn music and 
animation is particularly important, cxpcricncc showcd (hat a skcw of +/- 80ms fulfills.thc uscr 
dcmands dcspiic sornc pussiblc jittcr. Ncvcrthclcss, thc rnost challcnging issuc is the corrclation 
bctwccn a noisy cvcnt and iLs visual rcprcscntation, whcrc a casc could bc ihc siinulatcd criish of 2 cars. 
Hcrc wc cnuwntcr thc sanic constraint. as for lip synchrcmi7~tion, +/- 80 rns. 
n o  audio rracks can bc tightly or looscly u)uplcd, tlic cffcct of rclatcd audio strcains dcpcnds hcavily 



. . 
.A stereo signal usually contains information .about the 1ocaiion.of ihe squrccs of.audio:and is t i h t l y  , . . . ! .  . . . .  L:.. 

.,.. . * ' I -  . .': eoupl@..The ~ o r r w t ~ ~ w e ~ i i t ~ ' b f  ttiii i n h  Aaiion b$ the hum'nn braiii'cii 6nf j  lii a&ohi;lished if . ' 

the phases of'the.acoustic signals are delivered correctly. This demands for a skew less than the dis- 
C 
1, tance between consecutive samples leading to the order of magnitude of 20 p. [35] reporls that the 

perceptible phase shift between two audio channels is 17p. This is based on a headphone listening 
experiment. Since a varying delay in one channel causes the apparent location o l  a sound's source to 
move, Dannenbeg proposed to allow an audio samplc skew bctween stereo channels within the 
b o u n d a r i ~  of.+/- l lps .  .This .is derived from the obscryaiion: that a one~sam~1.e offset at a sampleratc. ' " . . . 

. . . . . .  
o f 4 4 k ~ z  can be heard. 

Loosely .coupled audio channels.,are a speaker and, e.g.-, some backgr&und music: In such scenarios. . . . . . .  . . .  . . .  
. . '.we experience..an arfordable skew:ofi500 ins. Th& h o i t  stiingenf iöosel? cbupled cohfiguration has 

been the playback of a dialogue where the audio data of the participants originate from different 
sourccs. The experienced acceptable skew was 120 ms. 

The combination of audio with jmages has its initial application in slide shows. By intuition a skew of 
about 1s ariscs.which can be explained as follows 1361: Co'nsider that it takes a second or so to advankc 
a slide projector. People sometimes comment on the time it takes to change transparencies on an 
overhead projwior, but rarely worry about autornatic slide projectors. 
A more elaborated analysis leads to the time constrainis equivalent to those of pointer synchronization. 
The affordable skew decreases as soon as we encounter music played in correlation ivifh noles for, e.g., 
tutoring purposes. [36] poinls out that hcrc an accuracy of 5 rns is rcquired: Currcnt practice in music 
synthesizers allows delays ranging up to 5 ms, but jitter is less than lotal delay. . . A 2 rns number refcrs.10 . . . .  . . 

. . . .  . . .  thc synch,r.onization. betwedn. the oriset tirnes of tiv& nominally . . . . . .  ~ i i u l l a n e o ~ s ' n o t ~ s  9; thc timjng . . .  ,;: . . .  . . 
. . . . . .  . . .  . . . . . . .  . . . . . .  

. . . . . : .  äcCiiracyol nai& in sCquSiEc, ii&.äl& 13?] b4]:[38]. : . . . . .  . . . . . . 
. . .  

. ~ h c  synchrbnizeci presentation of altdio with 'some text is usually known as audio annotation in 
. . 

documents or, e.g., part of an acoustic encyclopedia. In some cases the audio -providcs further acoustic 
inforniation to ihe displayed or highlighted text in terms of 'audio annotation'. In an existing fmusic . . .  

. . d,ictionaryt, an antique idslrumt5nt . . . .  : . .  . . . . . . .  is de&gb&d and:simultanko"sljr .plqcd. h.ex&nple :for.i s .~&nger ..':- . : 

cbirelaiic5h:js. ih&:pliiback of A historkal specchuf, ti.k., J.E ' ~ e n n e d ~  with simultan&us 1,ranslatioh . 
. - into a.~e&an..iex.t. This t&t-isdisplayed-.in .a'sepa;ate.~ifidow And r n u ~ t r d l ~ t i  cl&sely tb the actual ' ' . '  . . ' 

. . acoustic signili; The same appli&.to the teakhing of a'kiguage wheie. in a playba=k mide'thti spoken 
word is simultineously highlighted. Karaoke Systems are another good example of necessary audio and 
text synchroni-mtion. 
For this type of media synchronization the affordable skew can be derived from Ihe duraiion of the 
pronunciation of short words which last in ihc order of magnitude of 500 ms. Therefore the 
experimenially verified skcw of 240 ms is affordable 
The synchronizaiion of video and t a t  or video and Ynage occurs in two distinct fashions: 

In .  . . .  the overlay mode, the ,Lex1 aften .is. an additional description .I?.-the..displayed moving image. ' . 

sequence. ~na 'v idko  of playing billiard,.thc image is used to dcnite the exact way of the ball aftcr 
thc last stroke. The simultaneous,prcsentation . . . . .  of  the v i d o .  and the overlaid image is important for 
t h e ~ ~ r i c c t ~ ~ h ~ ~ ~ n ' ~ ~ r c ~ ~ i i c ~ n ' 0 f  this synchronizcd daia. Thc samc applics to a tcxt which is dis- 
played in  conjunclion with thc rclatcd vidcc) imagcs: Instcad of hiiving the suhtiilcs always locatcd al 
thc bo-om, it is possihlc to pliicc tcxt closc 10 the rcspcctivc topic of discussion. This would causc 
;in additional cditing cffort at thc production phiisc nnd may not hc Tor ihc gcncral usc of all typcs of 
movics hut, for tutoring purposcs somc short icxt nciir hy thc topic of discussion is vcry uscful. In 
such ovcrlay schciiics, this tcxt niust bc synchronizcd 19 ihc vidco in  !)rdcr to assurc thiit il is pliiccd 
al thc corrcct position. Thc aciura!c skcw viiluc can bc dcrivcd froni thc minimal rcquircd time. A 
singlc word should appc;ir on thc scrccn in ordcr to bc pcrccivcd hy ihc vicwcr: 1 s is ccrtiiinly such 
a lirnit. I f  thc mcdia produccrw;ints to makc usc of thc llitsh cn'cct, ihcn such a word should bc on 
thc scrccn ior ai Iciist 500 rns. Thcrcforc, rcgardlcss of t hc  conicnt of thc vidco data wc cncountcr 
240 ms to hc absolutcly sufficicnt. 

. In thc sccond niodc no  orlerluy occurs, skcw is lcss scrious. Imiiginc somc nrchitccturil drawings of 
incdicv;il Iiouscs lrcing tlispl;iycd in corrcliition wiili ;i vidco of tlicsc lruilding: Wliilc tlic vidco is 



! showing today's appcarance, thc image presenls the lloor plan in a separate window. Thc human pcr- , ception of even simple images requircs at least 1.s we can verify this valuc with an experimest with . . . . .  
slides: the'su;cce~sivei.~kojckto~: of ~ '£o i re l i t ed~ i rnxg& :equir& aboui'i-s; aktlhe in tcfyl  .betw&bn : .. . *. 

' . / .  . 
the display 0f.a slidc and the next one in ordcr to catch soine of thc essential visual information o f  

L 
i the slide. A synchronization with a skew of 500 ms (half of this rnentioned 1 s value) betwcen thc 

video and the image or  the video and text is surricient for this typc of application. 
Consider the billiard ball example from bcfore: a video shows the impact of 2 billiard halls and thc 
image of the actual 'route' o l o n e  of the balls is shown by an animated sequcncc. Instead of a series of 

. . staric. inlag., the.track of lhe swond .ball,can be  followed.by.an animation which displays the route of 
' the ball across the iable. In this example any 'out of syncy eflect is immediately visible. In order for 

humans to beable to watch thc, ball with the perception of a moving picture, this ball must hevisihle in 
. . several consccutive. adjacent v idw frames a t a  slightly different pusitions,an amepiable result can' be ." . .. 

achieved if every 3 subsequent frames the ball moves by itS diametcr. A smaller frame rate may result 
in the problem of continuity as often secn in tennis matches on the tclevision. As  each frame last a k u t  
40ms and 3 subsequent frames are needed, an allowable skew of 120 ms would be accepiable. This is 
very tight synchronization figure which has been suihhlc for thc exarnples the expcrimentcrs loaked at. 
Other examples whcre video and animation are bcing evcr morc cornbined is that of computcr 
generated figures in films. 
Multimedia systems also incorporatc the rcal-time proccssing cif co11b.01 data. Telcsurgery is a good 
example whcrc graphical information is displaycd bascd on rcadings takcn hy probes or such likc 
instrunicnts. No overall timing demand can bc stated as thesc issues highly dcpend on the application 
itsel f. 

- .  . . .  . . 
. .  . . . :. . . . . . ... . . . .  . 
. .. . . 

4 A ~eference  Model for Multimedia Synchmnization 
A reference modcl is needed to: understand the-vario~s requirements for multimedia synchronization, . ' . 

identify and stmcture .antime mechanisms that Support the execution of the synchrpnization, identify .. ., 
.. .iriterf?ce~ b@w&n rbnlime rn'echaniirns,,'&id a m b a r e  sy$& soluti&tS for &ltiiedia iyn=hfonization .;': -.. : .  . . 

: ... . . . . . 
systems; 

. To this-end we first describe existing classification and structuring methods. Then a four I'ayer reference 
model is presented and used for the classification of multirncdia synchronization systems in our casc 
studies. As many multimcdia synchronization mechanisms operate in a networkcd cnvironmenf we 
also discuss special synchronization issues in a distributed environment and their relation to the 
reference modcl. 

. . 

. 4.1 Exiiting ~ l a s s i f i c a t i o n ~ ~ ~ r o a c h ~ s  . . 

An ovcrall classification was i n t r o d u d  by Little and Ghafoor [25]. Th& identify a physical Level, . ... . ,.. , . . 

. . . . System 'levk1;- and. a . h d &  :lcvel, .but givc iio:.det;iil'd desciiptioh 6 r  'cl&sifichli8ri-' triteiia: ' ~ t h e r . .  ' . . . ' ' .  

classification schemes distinguish betwecn intrastrcam (fine-grain) synchronization and intcrstrcarn 
. . . .: 

. (mars,~grain).synchroni,zation.or .bctween liveand synthctical synchrorri7;ition (251 1391. ' ' 

Thc modcl of Gihbs, Brcitencdcr, Twhichritzis (401 maps a synchronizcd multiincdia ohjcct to an 
unintcrprctcd byte strc;irn. Thc multimcdia objecls consist o l  dcrivcd mcdia ohjccts compriscd of 
rearrangcd mcdia scquenccs, c.g. sccncs from a complctc vida). The parts ol thc mcdia scqucnccs arc 
thcmsclves part of an unintcrprctcd hytc strcam. 
Ehlcy, Furth and Ilyas 141 J classify intcrmcdia synchroniir~tion tcchniqucs, [hat arc uscd to conirol jittcr 

. bctwccn mcdia strcams according to thc typc and Icmtion of thc synchronizntion control. Thcy ' 
distinguish bctwccn a distributcd control bascd on protcmls, distribution hascd on scrvcrs and 
distribution on nodcs wiihout scrvcr structurc. For local synchroninii;on control, thcy distinguish 
control on scvcral Iaycrs and thc usc of local scrvcrs. 
Thcsc cliissiiicalion schcmcs sccm to bc orthogonal, and cach onc of thcm only capturcs somc spccilic 
aspccl.. . Thcy do not fulfill thc ;ihovc shtcd rcquircnicnts of thc synchrc)niiiition rcfcrcncc modcl. 



f n improved three layer classification schema has been proposed by Meyer, Effelsberg and Steinmetz ' . . 
. 42). nie iayea-are: the :m&iia 1ayei-f& i i t r a s t r ~ y ,  synchronizafion 81 time-dependent mcdia, the'! 

' . . .  
'stream layer f&r interstrcam synchronization of  mbdia strcanis, the object layer for the prcsentation, 
L iincluding lhe presentation of time-independcnt media objccts, and ihe specification layer for authoring 
'!komplex multistream mullimedia applications. At each layer typical objecis and operatiins arc 
identificd. Each layer can be  accessed directly by the application or  indireclly through higher layers. 
This approach fulfills ihe demands of a reference model approach and we  will enhance and interpret it 

. . . . . . . . . . . .  appropriatcly in .thc fol l~wing. ,  . . . . .  . . . .  . . . . . .  . j  . . . . . . . . . . .  . . . . . . . . .  , . . :': . 
. . , . .  . . 

. . 
. . 4.2 The Synchronization Reference Model . . . .  

C.. . . . .  . . 
: . . . . .  . A , four . layer ..sy nchconization. reference .modei * is . shown- -in :.Figure. 24. ~ a c h .  Inyer 'implemexib ' ' 

synchronization mechanisms which are provided by an appropriate inlerfice. These interfaces can be  
u s d  10 specify andlor enforce the temporal relationships. Each interface defines services, i.e. ofiering 
lhc User a means to define hisfher requiremenls. Each interface can be  used by an application directly, o r  
by the ncxl higher layer to iinplement an interface, Higher layers offer higher programming and Quality 
o f  Service (QoS) abstractions. 

Multiniedia application 

. . . . . . 
. . ~ ~ e c i f i c a t i o n ~ s j e r .  . - . . i .... . -1iigh , 

....................................................................................... .................................................. . .  ........... /..> .................................................................................. : .  :::.:..:.:.:,:: 

Figure 24: Four Layer Reference Model 
. . .  . . 

. Fqr . each layer. l ~ p i c a l ~  objecis.and pperations. on these objecb are described in the following; The  . . . . . . .  
. .  semanlic,~ of the objecls and lhe operations are.the main ai ter ia  for assigning. them to.<jne of the'layers. . .  

Dehiled programniing exampl& derived from a real interface provided by a real product, prolotype, or  
. . . slandard demonstrate how synchrc?nipli~n . . . . .  can be ,achieved;th~ough thi- Iaycr.,.The +cenario for 'the,.' . . -:.:; . - .  ' . . . 

. . . . . .  
.progrAmming exahpl,e.:ii tO dlilj;l$ subiitles at ~iedefined iimes during the playout of  adigital .movic. 

Ai ihe media luycr an appliation opcraics on a single continuous mcdia sircam, which is trcatcd as a 
scqucncc of LDUs. 
Thc iibstraction offcrcd at this Iaycr is n dcvicc-indcpcndcnt inicrf;icc with opcrations likc read 
(devicehandlci, LDU) iind wrire(dc.vice-hurtd(e, LDU). Systems such iis ActionMcdi:i/lI's audio-vidco 
kcrncl 1431, or  SunSI'ARC's audio dcvicc 144) providc thc corrcsponding intcrfaccs. 
To scl up a continuous mbdia strcam using thcsc abstractions offcrcd by thc mcdia Iaycr, an appliciilion 
cxccutcs a proccss for cach strciim in ihc nianncr sliown in ihc following cx;implc: 

window = open('VideodeviceM); 
rnovie = open("fileM); 
while (not eof(rnovie)) { 

read(movie, bldu); 
i f  (1du.tirne == 2 0 )  

\\ Create a video output window 
\ \  Open the video file 
\\ L00p 
\\ Read LDU 
\ \  Start tlte prcuent.at.ion 



print("Subtit1e 1"); \ \  of the synchronized subtitles . . 
. . . . . .  else if (1du.time .F= 26) . . .  . . . . . . : . .  .... . . ... .. . . . . . .  .. ''brint(."Subt.$tl& .?T,) ;: ' -".". " '  . . .  . • . . : .* - -4.. ,;-..- , . ., .I .: . .  ..:. . . . . . .  -. . . .  . . . . ' .>. . . write (window, ldu) ; ) '. ' \\ ~resent LDU 

close(wi~dow) ; \\ 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 Lhe application itself is respnsible for the intrastream synchronization by using flow- 
control mwhanisms betw.een a .producing and a consuming device [45]: If'.multiple strekms ni'n in ' ' - '  

parallel, then. the sharing of rcsources may effect their real~time requirements. Usually a resource 
reservation and..management scheme allows for guarantceing intrastre;rm'synchroni~ation '146). The 
operating system schedules the. corresponding proCess in real-time 1471; in distributed'-systems thc' 
networking components are taken into account [48],[49]. In the spccial case of lip synchronimtion the 
interstream synchronization can be provided easily, where simulhneous audio and video frames are 
interleaved within the Same LDU (e-g., ActionMedia-11's audio-vidco support system [43] and thc 
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 inlo simple implemenL?tions and implementations that 
provide access to interleaved media streams. 

4.2.2 Strearn Layer 
The slream layer operates on continuous media strenms, as well, as qn grolcps of mcdi?'streams. In . a . , , . , . . . . .  . . .  . . .  grbup, .?I1 sttkirns a r e ~ ~ p r e s . ~ t c ~  in paralld by : p [ i g  mechp~i$tgs k r  . i n ' ~ e f i ~ r e n ~ ~ ~ r o n b t i & ~ : ,  

, 
.; . . . . . . .  . : . . . . . .  . . .  . . . .  . . . .  . . . .  . . .  . . . . .  . . . . . . . .  . . . . .  .... : . . 

. ' " .  . . T h ; . ' '  C abitraclion offercd by ihi.strcim liyer is th i  nciti6n S.strcams.&ith' timing paia~etekconcerning". . . ' .  

the QoS.for'intraStreik synchronization 'in a stream and interstrcarn synchronization bctwecn strearns 
of a group. 
Continuous media is seen in the stream layer as a dab  flow with implicit time conGraints, individual 

. . LDUs are.mot i4sibl.e.. ,The streams ari  executed in a red-time,environment (KTE). wherea1I'pröcessing:- 
' . ' ' 

. . . . . . . .  
. . . .  . . .  .is constrained by wd l  ,defined Gme specificatiob .[50]."0n -the.other ,hand, the. ap'plications aemselves . . 

. that;;rie.using theslream layer seivices iie:,execdtid i(a'no' , . :  kal-time,knvironment . _  . (NKE) . . . . . .  wherc.thc . . 
. . . .  . . .pri>ceking of evenk is .&ntrolled bi; the iiperatihg system s c h e d u ~ i n ~ ~ l ' i c i e ~ : ~  

Qpical operations invoked by an application to manage streams and groups from the NRTE are: starr( 
stream), srop(srream), creale_gmup(llsi_of-slreams), slari(gmup), and stop(group). The interaction 
with time-independent media objects and User interactions is performed by thc attachment of events to 
the continuous media streams (e.g. sercwpouir(sr~urn/g~~>up, ur, evenl)). Such an event is sent to the 
application whcnever the strcam reaches the specified point during playback. At this layer the 
application is furihennore in charge of any time-independent media ohject and User interaction 
processing. This leads to different application interfaces for continuous media and for time-independent 
media and User interactions. 
The SynclStream Subsystem of IBM's Multimedia Prescntation Manager (MMPM) for OSD provides a 
set of serviccs which can be used to implement data strcaming and synchroni7ation. This subsystem, 
which a n  be understood as the RTE, is cornprised of the SynclStirarn Manager and scvcral sfrearn 
hartdlers (101. Strcam handlcrs are responsiblc Tor contmlling Ihc continuous daLi Ilow in rcal-timc. 
The SynclSfrram Manger providcs a rcsourcc managcmcnt and controls thc rcgistration and activitics 
of all strcam handlcrs. 
Thc following programming cxample for thc usc of thc strcam laycr uscs thc string conimand inlcrfacc 
providcd by the MMPM. 

Open digitalvideo alias ex 
load ex video.avs 
eetcuepoint ex at 20 return 1 
eetcuepoint ex at 26 return 2 
setcuepoint ex on 

\ \  Create video descriptor 
\ \  Assiqn file to video descriptor 
\ \  Define event 1 for eubtitle 1 
\ \  Define event 2 for subtitle 2 
\ \  Activate cuepoint events 
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Componen t 3  
r e f e r e n c e  to c o n t e n t  ' S u b t i t l e 2 "  

. . .  . . : .  . ' .  . . . . .  ' a i n k l  . . . .  ......: i t  . . . .  .:.... V \  T.m~~pora l  r e l a t i 6 i i c '  . . . .  .< - . . . . " . I  . . 'when'timestone s t a t u s  o f  . ~ & w & r l  - ' " . .*  . . . .  
+ becomes 20 t h e n  s t a r t  Viewer2" 

Link2 
"when t i m e s t o n e  s t a t u s  of Viewerl  
becomes 26 t h e n  s t a r t  Viewer3" 

1 
A possible implementation of the object layer is an MHEG .mntime system, the MHEG engine.. The, ., , . . . .  

. MHEG.ehgine ewiuates.thd s t a i u ~  of the objects arid peiföritis opcGtions (aclions) like pmpare, run; 
' 

stop, or destroy on these objects. In the case of time-dependent media objects, the run operation may be 
mapped to ihe initiation of a .niedia streamon . . . . . . .  the s'lrcim layer.-,~nthe,9se,of a timc-indepcridcnt media . , . . . .  

objict,"this ixl-I ';iireclly 'demands the object to'be prcsented. Prepare times are necessary, for examplc, 
to allow the stream layer to build up a stream connection or in thc case of time-independcnt 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 implemenhtions can be classified according to their'distribution capabilities and the typc 
of presentation schedule compuiation. It can be distinguishcd whether the irnplementation calculates a 
schedule and, if it calculates one, whether the schedulc is computed before the presentation or at 
runtime of the presenlation. Concerning distribution, implemcntations 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 prc~vide a synchroni7;ition specification. 

. . 
I. . . . . . . .  . . . . . .  . . .4.2!4 Specificati.on . :hyer  . . . . . .  . . . . .  . . . . .  

. . . . . . 

The spccificalibn layei is an bpcn l'ayer. It does riot offer an explicit interface. ~t this layer, applications 
and tools are located that allow to create synchronization specifications. Such tobls are synchronization 
edibrs, multimedia document editors and authoring Systems. Also 1001s for converting s~ccificaiions to 
an object layer förmat are located at the specification. layer. An example of s.uch a conversation tool i sa  . . 

. . . . . 
. . . . . . .  . '  . . . .~,~lfimedia.docbk&<. f~rmatte'rthit p r & d u & G i n ' ~ ~ ~ ~  s p k i f ~ a t i o i  .RS Pm&mxf b i  Markey [sz]: ,. , . . 

. . .  Fbi eiarnpie, the synchrqnization editor of the MODE System [I51 may be. used tb spccify thc . 

synchronization exampler koffers a graphical interface to select .the vidwa'nd text objccts to'use, to ' , 

preview the video, to seiect suitable points where the subtitles have to bc shown, to specify thc teniporal 
relation of this point to the subtitle and to Store the synchronization specification. 
The specification layer is also responsible for mapping QoS rcquirements of the user lcvel to thc 

. . .  
qualities offered at the object layer inierface. . . . .  . . . . .  . . .  

~ ~ ~ c h i ~ n i r a t i o n  specifi&~io~ methods a n  bc tlassifiedin the kllowing rnain catcgoria:.. . . . . . .  ; 

Interval-based specifications which allow to ipecify temporal rclations bctwccn the time intervals of 
the presentations.of media o b j ~ t s .  . ' . . . . . . .  . . . . . .  . . . .  . . . . . . . . . . . . . . .  . . . .  . . . . . . . . .  

. , .  . 
. . .  .-; .  . . 

. . . . . . . . . . . . : . . .  ..; . 
Axes-based ipecifications which relate preseitation evenls to axes that are sharcd bytii6 objccts of 
the prwntation. . . . .  . . .  

. . 
. . . . . .  . . . . . . . . .  . . 

Control flow-bascd specifications in which at givcn synchronization'p<>ints the flow of thc prcscnta- 
tions is synchronizcd. - Evcnl-bascd spccifications in which cvcnts in lhc prcscntntion o l  riicdia triggcr prcscntation actions. 

4 3  Synclironization in a Distributed Envimnmeiit 
Synchronization in a distributcd cnvironmcnt is morc complcx than in a local cnvironmcnt. ~ h i s  is 
mainly caused hy thc distributed storagc of synchrc~ni;r;ilion inforrnation and location of mcdia ohjccts 
involvcd in a prcscntation s t  diffcrcnt locations. Thc communication bctwccn thc storagc find ihc 
prcscntation sitc introduccs additional dclays and jittcr. Ollen wc also cncounlcr multi-party 
communication pattcrns. 



T3.1 W a n s p o r t  of the Synchronizqtion Specification , . . . . . .  . . 
',At the sink node;.ihe prescntatiim &mponixt n&ds io hive thk. sy"Fhionization k ~ ~ c i b c i t i o n  a i  te'ist ii * 

'the momentan obfect is to be diSplayed. We distinpish between threc main approaches for thc delivery 
6 i of the synchronization information to the sink: 

Delivery of the complete synchmnization information before the start  of the presentation: This 
approach is often used in the case of synthetical synchronization: Qpically the application at the 
sink node acccsses the object layer interface with the specification or a reference to the speciiication . . .  . . 

. . . .  . . 
. . . . . . . .  as ?pararncter;.The iqplcmentation of this approacti is Simple arid it als&..a110ws an easy hindling in 

the case-ol several iouice nodes- for the media objects. The disadvantage is the delay caused by the 
transport of. .the synchronization specification before.lhe, prcsentation,.~especially- if it :is stored 'on . . ', ' , 

... another node. The.transport of the 9ynchroriizittion si>ecificatiori is 8 düiy 'of a c&hpon&nt'lo&ated at 
the object layer or above. 

Use of a n  additional synchronization 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 
wliole synchronization information is not knbwn in advance. No additional delays are caused by this 
method. A disadvantage is that an additional communication channel is needed that rnay cause 
errors due to dClay or loss of synchronization specification units. It is often forgotten that the infor- 
malion on ihe synchronization channel must be decoded at the time the respective object is to be dis- 
played. I.e., daL3 comniunication at this channel must obey ccriain time behavior. Also the case of 
multiple source nodcs for synchronized media objects is dilficult to handle. The synchronization 
channcl has to be handlcd by the objeci layer, possibly supported by the stream layer, ifthe synchro- 

. . . . . . 
nizalion .. , . ch;innel is defincd as a'stream. . . . .  . . . . . . . . 

. . . .  
. . 

Figure 25: Use of a Separate Synchronization Channel 

Multiplexed data streams: The advantage of multiplexing data streams on one communication 
. . . .  channel (Figure 26) is lhat-the related synchronization information is dilivered 'tqsether with the'.. . 

. .  , .  
: m d i a  unils. ,Nb additiOnalsyhchron:iza(ion'&han~el . . .  is n&esiary iind hö qdditional de1ay.i~ cai~sed . 

.by ihis approach:Ari imporhni prbblcm regarding mu'itipiexed media 'and synchroniation .införma- . ' 

tion is the difiiculty o l  selccting an appropriate QoS which matches the requirements of all invglved , 

... 
. . . . .  . . .  . . . . . . .  medias,,e~..@,iqbilily. ... . .. is -d~minatcri, hy .the most .stringent .media objkts. :This.&ethckl . i ~  a'lSo'dilii-.. 

cuti16 usc k r  multiple source nodes. It has'to be supported by the stream layer. 
use of multiplexcd diita streams may be imp1ie.d by coding.standards 1ike.MPEG. MpEG derines. 

ii bi tstr~im"u~mbing video, audio and thc rclated synchronization information. Hence, this type of 
bibtrciini can bc rcg;irdcd iis onc medium on thc stream layer and for the synchronization witli othcr 
nicdiii, thc otlicr iipproiichcs c;in also hc choscn. 

Audio Sink 

Fi~i4r.c. 26: Mit1ril)Iexed Media und Synchronizu fion Channels 



'43.2 Location of Synchronization Operations 
In Fme mses it is possible ta s y ~ h r o n i z e . . m e d ~ ~  .obj.ts by qrnblning (hc ohjecls . . .  in19 a n<lw .... nicdi.7 , .  -. . . . . . . .  '- . . % . .  .... 

: qbjwt. ~his.<~~iulrrich. rniy be U& to r&f&e comiriirni~tion.resOiiii:e demands, n s  shown.in Figuic 27. .. . . . .  . :...... 
in thig cke an anirnation and two bitrnaps which havc to overlay a vidco scquencc arc alrcady mcrgcd 
i 
jat the source node to bccome a new video object in order to reduce handwidth dernands. 

Synchronization a t  the s ink  node - I i I 

Sink 

Synchronization at the  source node 

Randwidth- I - - . I 1 

Figl<ir 27: combiiing 0bjects io ~ e d u c e  Con~inunicotion Resource Deinands 

The mixing of objecis including time-independent media objecis has to he supportcd by the ohject 
layer. The mixing of mediastreams like mixing audiochannels has to be supparkd by the strcarn layer. 

. . 
. . . . .  . . . . .  . . .  . . . . . , :  : . .  

43.3 Clock Sy"chrynization. , . " . . . .  . . . - . . . . . .  . 
' 

In disliibutcd systetns the synchroni'7ation'accuracy betwcen the clocks of ihe sourck and sink nodcs 
has to be considered. Many synchroniwtion schemas dcmand knowledge about the timing relations. 
This knowledge is the base for global timer bascd synchroni7zition schernas as well as for schcrnas that 
dernand that operations.on distr.ibuted nodes are lirnely coordinated h, ensure on one hand the in-time 
delivery andon the other-hand that the operationsarc not'pcrformcd to early toavoid-ä buffer ovcrfl&w. 

Source A Audio 
Ta, 0, 

Sink AV 
Tav 

Tv, o v  
Source V Video 

Figure 28: Clock 0 fjrels in a Disail~urcd En vitwttmetil 

This prohlem is cspccially important for lhc synchroni7ation in [hc casc o l  rnultiplc scwrccs (Figurc 28). 
II a synchronizcd audio-vidco prcscnliition should sliirt at tirnc Ta, al tlic sink nodc, thc audio 
transmission ol Sourcc A has to slarl al T,=T„-NI,-O„ wilh NI, a s  thc known nct dclay and Sm thc 
ollsci o l  thc cltxk of nodc A, with rcspcct 10 thc clock o l  thc sink nodc. For sourcc nodc B Ihc start tirnc 
of tlic vidcc) transmission is T,=T„-NI,-0, 



. . .  The olfsc.ts 0, and.& arc not known:The resulling pmblem.of delivery Ls> the sink in time can ,hc . .; . . ; . . . . .  
.. flv$dif the rnaximal.pssib6 v n l t k  flor.6, nmt.0; are kndwn'. %n iti~@ssi~6.~0alio;~aie5uffer . . 

' . ,mpacities at thc Sink 'ind b start the transrnission of the audio and video in advance to guarnntec that 
khc required media units arc available. Because the necessary buuer capacity at the sink nodc dcpends 
6n the possible offset and we must assume limited buffer capacity, it is necessary to lirnil the niaximal 
offscL This can bc achieved with clock synchronization prolc~ols like the Network Time Prolocol [53] 
that allows to synchronizc the clocks with an accuracy in the range of 10 ms. With the usc of public 

. . . .  . . .  . . . . . .  . . . .  broadcast.timer signals submiliisecond.accuracies are praclical[54]~ :. . . . . . . .  . . . .  
. . . .  

~ h i i  &uracy isstiitablc'f& global timer synchioniution and for di~t;ibuledoperation scheduling. 
The in-time delivery of LDUs of a stream is a h s k  of the stream layer- that has to handle the'clock . . . . . .  . . . . .  . . . . . .  . . . . . . 

offsets. For in-time delivery -of time-independent'media bbjets'  ihe objeci layer is responsible; 

4.3.4 Multiple Communication Relations 
Possiblc comrnunication patterns are shown in Figure 29. Patterns with multiple sinks demand that at 
runtime mullicast and broadcast mechanisms be uscd to reduce resource requircments, in particular 
nctwork rcsources. Als) incfficient multiple executions of the same operation at the differcnt sinks 
should be avoided. The multicasting of streams is hsk  of the stream layer. Efficient planning of 
operation cxccution in the differcnt communication patterns is a rcsponsihilily of thc ohjcct layer. 

Sources : Sinks 

- . .  
. . . . . . .  . . . .  . . . . . . . . .  . . 

. . . . l i n  ' 

Sources Sinks 

Figiir.~' 25): Mulriple Comntitnica fion Relu1iori.s 

4.3.5 Miilii SLep Syiic1iroiiiz;iiioii 
'nie syriclironiz;i(ion in ;I distribu~cd cnvironincnt is iypiczilly a multi-stcp prtxcss. During ;ill stcps of 
ihc proccss, ilic synclironiziition Iias to lse niiiintiiincd in ii way that cniihlcs thc sink io pcrform ihc fin;il 
sy nchron i~~t  ion. Thc stcps of tlic proccss iirc: 
* Synclironizaiion during otijcct iicquisilion, c.g. during digitizing vidco fr;irncs 
* Synchroniziition of rctricviil, c.g. synchronizcd ;icccss 10 fr;iirics of a storcd vidw - Synchroniziition during dclivcry of ttic LDUs lo tlic nctwork, c.g. dclivcring tlie framcs of ;I vidco to 

tlic 1r;insport scrvicc in1crf;icc 



,: Synchronization during the transporc e.g. by isochronous protocols 

1. Synchronization.at the sink,.i.e. synchronized delivery . . .  to the output beviccs. . . . . . . . .  . , . . . . .  . . . . . . . .  . . 
. . .  . . . .  . . . . . : . .  . . . .  . . . . .  : .  . 1 ' . S y ~ ~ l i r o n b t i u n  withii ttie o u ~ t  &ice . ' . ' ' .. . 

; 
i43.6 Manipu la t ion  o f  t h e  Presenta t ion  
The suppori of functions likc pause, forward and backward with different prcsentation spccds, direct 
access, stop and repcat, is difficult in a distributed environment. The ncccssary information must hc  
distributed in the environmenf objects that have a l rqdy  been:prcparcd in advance.for the presentation . . . . . . .  

. . . .  
. . . . .  .have:io t>e deleied, rietwoik &nh&tions may be SÜbjsct to'changeor h u s t  6 e  rebuilt. ~herefore ,  di lays 

in the exccution of this manipulation functions aie dillicult to avoid. 
., 

43.7 ~onsequences for the Synchmniza t ion  in a Dis t r ibuted  Env in ln rnen t  
To achieve the synchronization in a distributcd environmeni, a lot of decisions have to he  made. A first 
decision is the selection of the type of transport for the synchronization specification. In runtirne, 
dccisions have 10 be  taken concerning the location of the synchrcmizationopcrations, handling of the 
offsets of the Clocks and the handling of multicast and broadcast rnechanisms. Especially a cohercnt 
planing of the steps in the synchronization process, hgether with the necessary operations on the 
objects, e.g. decompression, has 10 be done. In addition, presentation manipulation operations demand 
for additional replanning at runtime. 
In gencral, the execution of synchronized distributed prcsentations is a cornplex planning pmblcm. Thc 
resulting plan is often known as schedirle. 

. . . . . . . : 

4.4.Aggregate ~ h a i ~ c t C r i s t i e s  o f . the  s y n d i @ n i z a t i o n  k i f e r e n e e  M o d e l  . z . .  . . . . . .  
.'. The reference model rrllows for structuring a'nd classifying synchronization systcms. Thc idcntification 

o f  the interiaces and layers enablcs one to combine existing soiulions to ~ornple te  Systems. Table 2 
provides an overview of the intcrface abstractions and tasks of all layers of our refcrence rnodel. 

Speci fication 

Object 
. . . . . .  

* .  The tools performing' the h s k s  
of this laycr have interfaccs, the 
layer itsclf has no upper interface. 

Synchroni7;ition Spccification 
*, O b j ~ t s  that hide types of 
encloscd mcdia 

Media-oriented QoS (In tcrms of 
acccptablc skew and acccpL?hlc 
j ittcr) 

. . .  . . . . . . . . . .  . . . . . . . . . . . .  
. . 

-I Tasks . . . . .  . . . .  . . . . . . . . . .  . . . . . . . .  :. . . . .  . . 

Editing 

Formatting 

Mapping uscr-oricnted QoS to 
the QoS abstraction at the ohjcct 
laycr 

Plan and coordinate prescntation 
scheduling 

Initiale prescnlation of tiine- 
dependent mcdia ohjccis hy the 
strcam laycr 

Initiatc prcscn1:ilion of time- 
indcpcndcnt mcdia ol?jccts 

Table 2: Overview o[ rhe Syrtchronization Refirertce Model Layers 



Tuble 2: Overview of rhe Sytzchronimtion Reference Model Aayers 

The classification of mcchanisms and methods in the layers is summarized in Tiible 2. 

. . . .: Tasks.. L .  

Resource reservation and 
schduling of LDU processing 

. . . .  . . . . .  . . .  . . 

File and devicc access . .  
. . .  . .  . . . .  . . .  . . .  . . . ,  : 

Layer . 
, . '. . 
Stream 

. . .  . . .  
. . 

Media 
. . . . . .  . . 

Tuble 3: Clussificufion o.fMefhods und Mecltonism.~ uf  rhe Synchronizution Refircncc. Model 
L uyc rs 

.. Interface Abstractiorr , . . 

Streams and groups of streams. 

Guarantecs for inirastrcam 
synchronization 

Guarantees for interstream 
synchronization of strcams in a . . . . .  . . . . . . . . . .  
gtoup. ' ,  " " '  , ' 

. . 

. Device independent access to 
, . . <  < .LDUs-. . . . .  

Guarantees for single LDU 
processing 

- 

Layer 

Specification 

. . . .  
. . '. 

. . 

. . .  
,.., .... .. ':. . . .  : 

. . .  . . . .  . . . . .  

- 

Object 

. . 

. 

. . . , I , ' : . . '  . . . . .  

. . 

Stream 

Classification items 

Synchronization specification method 

. . .  : Intervalrbascddsynchroni~tion 
..* . Axes-based syrrchroiiz;itian : . . .  

~ o n t r d  flow-hased sy nchronization 
. . .  *. Event-based synchronization . . 

. . .  Qpeq!.~o:l : . .  . . ... .. . . . . . . . . . . .  . .  . . :  . . .  . . : . : . .  _ . . '  ' ... . . . .  . . .  .: . Textaal . specifi&ati& &I . . .  : . . . . . . . . ' . .  
. . . . . . . . . .  * .&aphi&l speiifica'tion tool . . . . . . . . . . . .  . . : .  

, . .  , . . 
Converter 

Q p c  of distribution 

h a l  
. . 

. . .  * ~islribkted,, based An servers . , .  . . . . . .  

-. Distributed without servcr.usage -. . . 
. . 

Typc of schcdulc computation 
. : . :  . . . . 

. . . . .  . . . . . . . .  . :. . . . ' . . . . .  . .  
.* ..N j &mfitatlGn .. ; .. . : 

. . 

Compilctimc comput;ition , .. . . . . .  
. . . . . . . . * .I .R'"nti.c cii>$~ulation 

Q p c  of disiribution 

k i l l  
Distrihutcd 

Q p c  of gu;irantccs for sircam QoS 

No guarantccs Tor QoS, bcst cffort 

Gu;iranlccs for QoS t)y rcsourcc rcscrvaiions 



Table 3: Classijication of Merhods and Mechanisms al the Synclrrotiizatiort Reference Model 
Layel-s 

. . .  . . .  . . , . 

Layer 

.'Media ' ' .i' :' . . 

5 Synchronization Specifiation 

Classification i tems , 

. . . . . .  . . . .  , . . . :  . ' .. ' .  . . . . .  . . 
. 'Qpe o f  a&&sible da& : 

Single mcdium data 
Interleaved, complex data 

A synchronization specification of a multimedia object describes all temporal dcpendencies of the 
included objects in the multimedia object. It  is pmduced using 1001s at  the specification Iaycr and is 
uscd at the inbrface to the object layer. Because the synchroni7ation spccification dctermines the whole 
prescntation, it is a central issues in multimedia systems. In thc following, rcquirements kor 
synchronization specifications are described and specification methods are descrihed and evaluatcd. 
A synchronization specification should cornprise: 

Intra-object synchronization specifications lor the media ohjccts of the prcscntation 

QoS descriptions for thc,intra-object synchroniqlion . . . .  
. . . . . .  .- . 

. . . . . .  . . . . . . .  . . . .  . .-. .:. . ... . . . 1ata-o.Gect sin;hn>ri ii?tion specifi@tio& @r'th< Aed.ia o b j k l s  .&. thel'.B~es~~tci'~ion' : ' ': I .  . - .  . . 
. . . : . . .  . . . . . . .  

. . .  . .  - .  
Q ~ S  d&r.iptions fbr the inter-bbjed s y ~ c h r o n i 7 ~ t b i i  ' ' 

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 
.prescntation forms, a media object should be presented. For example, a.text could be Presented . . . . . . .  as  texf , ..< ' . . . ' .. 

. . . on.thc& ot as gkietited%"dio i e q u & & . ~  Specificatiön may illo& ody one 6.f the&or a selektioti 
. . . . . . . . . .  . . . .  . . ... . . .  

. . 
.of.the pr&ent;rtion. f o m . a t  mntime.-' : .i .': 1 . . . . . :  . . .  . .  . . . . . . . . . . . . . .  . . 

. .  - - . . .  . . . . 
. . . .  1n.ihe of  live synchroiiiziition,4he temporal reiations'are implicid); defined-during captu&g. QöS . ' 

iequirernents for single media are defincd bcfore starting captu~ing. 
In thc case of synthetic synchronization, the specification has lo be cieated cxplicitly. Scveral synthetic 
synchronization specification methods have been described in the literature. The most impcxhnt are 

... .classified,.su~eyed and evaluated in the .following sections. - .. . . . . 

5.1 Quality of Service 
The necessary.~Quality.of Service dep.ends.on the media ..and.application.. . . . . . .  . :. . 

. . . . . . . . .  
. . 

. . 

5.1.1 Quality of Service Tor a Media Object 
The Quality o f  Service spccification for a mcdia objcct includcs thc quality ccnccrning single LDUs 01 
a media objcct and thc accuracy with which thc temporal rclations bctwccn the LDUs of this mcdia 
objccls must be fulfillcd if thc mcdia objoct is a iimc-dcpcndcnt ohjcct. 

Tablc 4 shows somc QoS paramctcrs for a mcdia objcct. Thc whitc hoxcs contain qualitics that arc 
indcpcndcnt o l  tcmpor;il rclations. Thc light shadcd hoxcs contain timing rclatcd qualitics that arc 
undcr thc limitcd inllucncc of thc prc~cnlaiion systcm hccausc thc quality dcpcnds on thc quality 
sclcctcd during thc capturing. Usually only quality dcgradation via thc prcscntation systcni is possiblc. 
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. . TabIe 5: Q-lity of Service for Synchronization Purposes 
1. pointer prior of audio Tor 500 ms, audio prior to pinter for 750 rns 

' 

. 

. . . .  
. . 

5.13 Quality of Service of Multiple Related Media Objects 
So .far, media synchronhtion has bekn evaluatedas ihe rdationship bctween two kinds öf mcdia'or.. . ~. 

separate daia itreams. This is. the &noni'al'foundation of all types gf media-synchroni7;ition. In 
practice,::we.hften en&"nter mixe than l'wo related ,mcdia streams; a sbphisticated multirnedia 
application scenario incorporatcs the simulhneous handling of various sessions, As an examplc is a , 

. . . . j . .  

. : .,.,. video ajnference where a window-displays the .r&bal .sp&k& aiid 41e. a d i ö  emergis ,fiohUri attachkd ' '.'.' : 
pair of speakers, the application is the expl'anation of new space command station. 

. . .  
Video. and.. audio daia are. rclated by 4hc. lip synchroni~zitioi ~dcmands:.Audio and. thc tc lcp~i r i tc i~rc  
rclatcd by the pointcr synchroni7ation dcmands. Thc rclationship o l  vidco daia and thc tclepointcr is 
thcn yicldcd by a simplccombination. In this cxamplc wc will dcfinc thc lollowing skcws: 

max skew (video ahead-OE audio) = 80 ms 
max skew (audio ahead-of video) = 80 ms 
max skew (audio ahead-of pointer) = 740 ms 
max skew (pointer ahead-of audio) = 500 ms 

Icnding to thc skcw 

skew (video ahead-of pointer) =< 820  ms 
skew (pointer ahead-OE video) =< 580 ms 

quality of 
. .  ...... sepke; 

+/- 120 rns 

+/- 80 m s  

+/- 240 rns 

+;r-, 500 rns ".' ' 

+I- 240 ms 
. . .  . . .  

+I- 500 ms 

+/- 80 ms 

+ / - 1 1 ~ s -  

+/- 120 rns 

+/- 500 ms 

. . 
+/- 5 ms . . . 

+/- 500 ms ' 

+/- 240 ms 

.-.500:ms, . . 

. . 
+.75Q'&' . .' - 

Mode, Application ' ' 

. . . . . . . . . . .  . . . . . . . : .  . . . .  

correlated 

lip synchronization 

overlay 
. . . . .  . . , .. . . . . .  n&-overlay. . ." .: , , , ' . 

overlay . . 
. , . .  . . . . . .  . . .  

non-overlay 

event correlation (e.g. dancing) 

tightly coupled. (stereo) . 

loosely coupled (dialogue mode with 
various participants) 

loosely coupled (e.g. background 
rnusic) 

t ight l~coupled fe.g: music with notes) . . . . 
lmsel; coupled (e.g. slide show) 

. 

text annotation 

audio celated to .the item -to which the .. . . . . . . . .  . , ' .  . " .  ,.pointer..sh6ws~ . . . .  . . . . .. 

Media . 
. :  ' . '  . 

video 

. 

..... 

audio 

. 
. . .  

. . . .  . 
. . . . .  :.. : . . . . .  

.. 
. . 

animation , 

audio 

image 

. . . . .  . . . :. . 

text 
. . .  . . .  

animation 

audio 

-image 
. . 

. 

text. 

pointer . . . .  . . .  2 . .  . .- 



gcneral lhese requiremcnts can bc derived casily by the accumulation of thc canonical skew as . . . ,  . 

abovc exqmplc: -e inform~tiongatherai by ihe i n  f d a  is Q i  interesl for 1112 . . '. . . ' ' 

as for'thc rniiliimdih System which must provide scrvicc according io these valucs. 
f1n some cases cxist ioo many specifications of a synchronization skew; for example a language lesson 
'Ithat includes audio data in English and Spanish a s  well as  the related video sequence. The coursc 
builder enforces lip synchronization between video and audio regardless of the language (+-80ms). 
Additionally thc 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, .synchro,niz;iti~n- is;mpre d e m n i i i ~ g  . t h h  ..the . .: . .  . ;. .. 

'. . :. s)inclironizaiib~'b&~wien the. iang"ages, this wouldlead'to' the f o ~ ~ o w i h g  skew ~~eci r ica t ion:  

1. rnax ekew (video aheadof audio-english) = 80 ms 
2. max skew (audidioengli~h~ ahead-of video) = 80 ms 
3. rnax skew (video aheadof audio-spanish) = 80-mS 
4. rnax skew (audio-spanish aheadof video) = 80 ms 
5. max skew (audioenglish aheadof audio-spanish) = 400 ms 
6. rnax skew (audio-spanish aheadof audio-english) = 400 ms 

This spccificalion consists of  a set o f  related requirements in which all of  them need to be fulfilled, i.e. 
wc havc io find 'thc grcalcst common denominaior'. For each canonical form, the derived skews are 
computed: 

1+2+3+4 r 

max skew (audio-english ahead-of audio-spanish) = 160 ms 
max skew (audio-spanish ahead-of audio-english) = 160 ms 

. . 1+2+5+6 r . .; . . . .  , 

. . .  . .- rnax .skew (video ahe,&d5_of~audio-span'ish) = 48.0. ms . 
rnax skew ('a~diois~anish ahead-bf video') = 480 mc' 

3+4+5+6: 
max skew (video'ahead-6f audioenglish) = 480 ks 

. . max skew (audio-english aheadof ,-video) = ,480 .ms . :. . ,. , .. . . . . . , . .  .. . .. _ - 
:. .... '. . .  .. . . 

. . . . : .  < 
. .. : . 

. _ . .  . In . ~tia.s@~d'siep ,hC q&jt Str.lngeit&t da11 fequ'iiements.are.selebted: . . . . ' .  . . .. - -  - ' 
. . . . 

: I. .max skew (v,i&o ahiaci-~f audio~eriglish) = 80 ms . . 

2. rnax skew (audio-english'aheadof.video) =.E0 ms 
' 3. max skew .(video aheadof audio-spanish) = 80 ms 
4. rnax skew (audio-spanish aheadof video) = 80 ms 
5. max skew (audioenglish aheadof audio-spanish) = 160 ms 
6. max skew (audio-spanish aheadof audio-english) = 160,ms . . 

The following step any Set of synchronization requirements can be. chosen f rom 
the above derived calculationsa 

max.skew (video aheadof audioenglish) .= 80 ms 
. .  , . , ,  : ..: max skew (.aodio,engliqh, ahead-of video).. 5 80 . ms,,,:., . :,,. . ,  ..,.. . .. , . . . ..  . . ... , ., ' . , . .  . . .  ... . . 

... - ' .' ' . ' .. , mi sk&' i'&u.dia-ei<jl'i&fi' ähead-6f' 'aud'io-s'~anioh '= 60 rns . 

max skew (audio-spanish .aheadof audioenglish) = 160 ms . . 
. . .  . . . . ,  . .  . .- 

, . .In summgry, lhc.abc~ve.procdurcs allow~us.to~s~lve~tw~~.~relatcd -problenis: .. ' - '  ' ' ' . ' 

If ihc applications imposc a sct of rclatcd synchronization rcquircmcnts on a multimcdia systcm, wc 
arc now ahlc to find oui ihc most siringcni dcmiinds. 

I l  ii sei oi' individuiil synchroniziition rcquircincnis hciwccn viirious d;iia s1rc:iins is providcd, wc iirc 
now iihlc lo coriipuic ilic rcquircd rcl;iiioiisliips hciwccn cach individual pair o f  strciims. 

&)ih issucs irrisc in non-iriviiil systcms wlicn csliniaiing, compuiing or ncgotialing thc QoS as il is 
ouilincd in tlie ncxl scction. 

5.2 Mul t imedia  Syiiclironi-mtion Spccification Met l iods  
Kir thc coriiplcx spccilicaiion 01' niuliiplc objcct synchronii;ition, including uscr inicriiciion, 
sc)phisticatcd spcciliciiiion mctliods Iiiivc io Ilc uscd. Tlic li)llowing rcquircnicnts should hc fulfillcd by 
;I such a spccificalion mciliod: 



' 0  The meihod shall support object consistency and maintenance of synchrcmization spccifications. 
Media objecis should be kept + one logical unit in the spccification. i . . . .  . . : . . . . . . .. 

... /. The fieuid shbulit ~u~~~:hn:~bs~kction~~f~jhe &tknt$ of n medii'o5jkit,'thni'iiilc,ws:i« sp&ily 
. . 

6 temporal rclations tha't refer to a part of ihe media objcct but on the othcr hand regard thc rnkdi;i 
, objcct a s  one logical unit. 

All types of synchronization relations should be dcscrihable in an easy way. 

The  integration of time-dependant as  well a s  time-independent media objwts has to bc  supported. 

. . The definition of QoS requirements must .be supported hy the specification riiethod.. P.tcfcrahlc it 
' ' 

. : 
should be exprcssed dirkt ly in the. method. 

Hierarchial levels of synchronization have to be supported to enable 'the handling of l a g c  and ccirn- 
plex sy nchronization Scenarios. 

In the following sections spccification methods are asscssed according to the critcria descrihed abovc. 

53 Interval-based Specifications 
In the interval-based synchronization specification the presentation duration of an object is regarded as 
interval. ?\NO time intervals may be  synchronized in 13 different modes 1551 [56]. Somc of these types 
are inversible likc aper and befom. Figure 30 shows a rcduced sct of 7 non-inversihle types according 
to [27]. A simple synchronization specification method for two nicdia objects is to use thcse sevcn 
types. 

. , 

A overlaps B 

A equals B 

A finishes B 

Figure 30: Vpes oj Tentporal Relations between 7ivo Objects 

Thc enhanced intcrval-based model 157) is based on intcrval relations. The hasic intcrval relations havc 
already been shown in Figure 30. In the enhanced approach, 29 intewal relations that arc defined a s  
disjunctions of the basic intewal relations have becn identified a s  relevant for multimedia prescntations. 
To simplify thc synchronization specification, 10 operators havc been dciined that a n  handle thcsc 
intcrval rclations. Thcsc opcrations arc shown in Figurc 31. Thc duration of a prcscntation like A or ß 
as  wcll a s  thc dclay Oi arc suhscts of 3t+0, bccausc thc duration of a prcscntation as wcll as  of a dclay 



I Operations with two delay parameters 

,may not be known in advance. In addition, ior the operations.beforeendo~ aklayed sfarfin, endin, cmss . , . . .  . . . . . . . . . . . . . .  . . . . .:'.. 
., . . . . . . . . . . . . . . .  :. . :  . . . . . . . . . .  . . land oviilap,~ @ must not& {Oj-. . - . . ' . ' ' .. . . . .  . . . .  . . . . . . . . . . .  . . . .  . . . . .  

. , . 

. . .  
~ i ~ u r e . . ? l :  Operations in fhe Enhanced Interval-Based Method 

Operations with one delay pararneter 

. 
, 

. 

. . . .  . . 
. . .  .:- 

. . 

A slide show with slides Slidei ( 1s i 5 n )  and an audio object A u d i o  can be specified in this 
mo Jcl by 

Slidel cobegin(0) Audio 
Slidei before(0) Slidei„ (1 s i s n-1) 

Lip synchronimtion bctween an audio object A u d i o  and a v i d o  object V i d e o  is simply spccificd by 

whilc(b, ,b2) dclaycd(6, ,b2) ~ i a r t i n ( 6 ~ ~ 6 ~ )  endin(bl ,02) cr0ss(b,~6~) 

. . . * .  
' Operation w.ith'tiiteede.l?y paramate& ' .  : . . . . . . . . . .  . . . . . . . .  . . .  . .+.. . . . . .  . L  .. . . . . . . . .  
. 

61 
. . .  . . . .  ... : . B  . . . . .  . . . .  

. . 
. . .  . . . . . . . . . .  . . . .  . . . .  . . > .  . . . .  . . . .  . . . . . .  . ; .  . . 'b. ' . : . .-  .... , < :  ' . -  . - . .  . . . : : . , * ; ,  . . . - ,  

. o ~ e r l a ~ s ( 6 ~ , 6 ~ ,  6;j . ,  ., . . . . . . 
. . . . .  

. . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . .  . . . . . :  < . .  . : . . . .  . . .  . . . . . . . .  . . .  :Audio ."hil'e(O;O.):. .(?idG".' . . , . . , .  - 

~ h c  application exnmplo can he skctdi as following: 

. . .  
, .  , . - .  . . . . . . 

. . . .  . . . .  . .... , 
. . 

. . 

. .. . - .  

Audiol whilB(0,O')Video , ' 

Audiol before(0) RecordedInteraction 
RecordedInteraction before(0) B1 
P1 before(0) P2 
P2 beFore(0) P3 
P3 before(0) Tnteraction 
P3 before(0) AnimaLion 
Animationwh.ile(2,5) A~dio2 . 
Interaction before(0) P4 

Tliis niodcl allows io dclinc ;I duriilion for time-dcpcndcnl and iimc-indcpcndcni mcdia objccts. Tliis 
duriiiiori is uscd in Ilic cx;iinplc io spccify ihc dur;iiion of Ihc prc.wni;ition of  lhc ohjccis piciurc I io 
piclurc 3. Tlic opcn dur;ition of ilic uscr ir1icr;iction c;tn bc spccificd hy dcfining ihc duraiion as {\31+0).  
Tlic adv;iniagc o l  Iliis inodcl is 1h;ii ii is casy 10 handlc opcn LDUs and thcrcforc io h;indlc uscr 
inicriiction. I i  is possihlc 10 spccify iiddition;il indcicrininisiic tcinporal rcliitions hy dclining intcrviils 



kor durations and delays. Disjunction of operators can be uscd for spccifications of prcscnhtion 
elations like not parallel. Thereforc it is a very iiexible model that allows thc spccification of . . . . .  . . . . .  f .  . .- ,. - . . preentations gith:many . . runtime presenhtion v ~ r i a t i o n ~ .  .' :. . . .  

- .Th& rnodcl does not inckde skew spccifications. Dcspile the direct specification of timc relations 
C. 
ibetween rnedia objects, it does not allow 10 specify temporal relations dircctly hciween subunits of 
'objects. Such rclations must bc defined indirectly by delay specificalions, as shown in the while 
operation for the animation and audio in the application example, or by splitting the objects. Thc 
Rexibility of spccifiable presentations rnay lead to inconsistencies in runtime. An example are two 

. . >  

. . . . . . . . . . .  .... video objects Aand B. which a, .notpar~~lel  re1ation:has been defined.In .~nt ime, .A may.be bnriing. . . . . . .  
and B "ay b& &upled by rbcfore(0)'r~latiori to the end 6f a uscr interaction. If this User interactions 
ends, video B has to be siarted, but on the other hand it may not be started becausc of thc not parallel 

. . . . . . . . . . . . . . .  . . . .  relation. It rnust be.defined in the:rnodel. how such inconsislencicc.have tobe.handldd in runtimk orsuch 
potential inconsistencies have lo be dctected before runtime and the specification has to bc rcjcctcd. 
Building of hierarchies is easily definable. The assessmcnt of thc enhanced intcrval-based mcthod is 
sumrnarized in Table 6. 

: . . . . . 

Table 6: Assessrnent of rlze Enhanced Inrerval-based Syrichr-onizatiort Specification 

Advantages 

h g i c a l  objects can be kept 

Good abstraction for media content 

Easy. integration 6f time-independent ... .objects 

. . 

. . .  . . 

~ a s ~  integrativn of interactive objects 
. . . .  . . . .  . . . . . :  . . . .  ..... . . . . :  

. . . . . . .  .. . .  , . . I  . . .  . . .  . . . . 

specifi&tion.of indeterministic . . temporal 
relations supported . . . . 

5.4 Axes-based synchronization 
In an axes-based specification, thc prcsentation evcnts Iikc thc shrl and end o l  a prcscnhtion are 
rnapped to axes that are shared by thc objects of the prescntation. 

Disadvan tages 

Complex speci ficatic~n 

Additional specitications for skew QoS 
necessary 

, Direct specifiqition of: time relations 
between media objects, but not for subunits 
of the media objects 

Resolving of indeterminisrn at runtime may 
. . . . 

lead t o  iiconsi$tencies. . . . . . .  . . . .  . . . . . . . .  . . . . . . . . . . . . . : . . . . . .  <: 

. . . . .  . - .  . . . . . . . . . . . . .  . . . .  . .  . . . . . . . . . . . .  . . . . . . .  .. 
i <_  ' :L" ' ' 

. . . . . . .  . . 5;4,1 :.~,,.~,.h~,,i~ jio,i.~a,& .ofi ä GkfjaI'Tim& . . . . . . . . . . . .  . . 

For synchronization based on a global timcr, all singlc-medium object.. are attachcd io a time axis that . . . . . . .  

represenis an abstraction -of rcal timc; This spccification mcthod is uscd, for'cxamplc, in thc' ~ t h c n a  ' 

. 

Muse projcct [21], whcre synchrc>ni;r;ition is dcscribcd by attaching all objccls, indcpcndcntly of cach 
othcr, to a tirnc axis. Rcmoving onc objcct docs not affccl lhc synchrc>ni;lntion of thc othcr objccts. 
With rnodifications, this kind of spccification is also uscd in thc modcl of activc mcdi:i (581. A world 
firne is maintiiincd which is acccssiblc to aII ol>jccts. Eiich objcct can map this world timc to it. loc;tl 
timc and rnovcs along its local tirnc axis. Whcn tlic disbrtion hctwccn world timc and local tirnc 

. . 
cxcccds a givcn limit, rcsynchronization with world tiiiic is rcquircd. A timc axis mcchanism is also 
uscd in QuickTimc [59]. 
Synchronizing objccts by iiiciins o l  a tiinc axis ;illows for a vcry good abstraction lrorn thc intcrnal 
structurc o l  singlc-rncdium ot?jccts and ncstcd mullirncdia o1,jccts. Defining lhc hcginning o l  a suhtiilc 
prcscntation rclalivc to a sccnc in a vidco slrciirn rcquircs no knowlcdgc ol the relalcd vidco Irarncs. 



Since synchronization can only be defined based on fixed points .o€ time, problems arise if objects 
. . . . . . .  . . . .  . . . .  lnclude LDUs.of unpredictable durstion. -; . . . .  . . .  . . . . 

I . . .  . . 
Mormver, synchronization based on one common global timer may riot be.sufficient for expressing the 

6 
lsynchronization relations bctween different prescntation streams. Depending on the cohcrence of ihesc 
presenialion slreams, synchronization based on a common time axis might be either too slrong or too 
weak. A possible solution is to definc 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 difficu1t.-(~r. a u d b  streamsbecäuse.uf .the:re-saml>ling. problenli. :TherefGrc ' ' . . . 

. . -  
often the audiostreani is "sed as globil' timer:~ut this stiil cauSes difficulties, if several audio streams , , 

have to be synchronized. , . . 
. . . . . . .  ..( . : :.. 

. .  Figure 32.shows the.specification...of the -application. exirmple;. I't &n be kken thaCthere 'is n'o naiural 
possihility b handle the unpredictable duration of a User interaclion. 

Figure -32: Time Axis Synchronization Specification Exaniple 

. . .  

Audiol 

Video 

. . . . . .  . . > . . . . .  . . . . , . 
. . . . . . . .  :: : The n s s e s s m l  of th; time axCS methUd issuinmajiicd i n , , ~ ~ b l ~ 7 . .  '; . . . . . . .  . . . . . . . .  ..: .. . . : .  . . . . _ .  . . 

. . . . . .  < .  
. . . . . . . . . . .  . . . . . . . . . .  . . " - . . _  : . . . .  . . . . . .  . . . . .  . . . . . . .  . . 

. . .  , '. t . . ,  . . 7 V -  f : - ,  V :  . Y . . ' t  
? 

- ............. -.-..- ........... - .... 
Record. U1 , . . . I n t e r a n  ........... ............................... 

1 integrated, extensions to tlie model are 

P1 

. . .  . . . . . . 

Support of hierarchies -easy to realize : . Skew QoS. has to  b e  specified indirectl j; by ' ' 

usi& ihe cbmrnon time axis o r  additional 
. .  . . .  . . . . .  . . . . . . . .  . . . .  . . . . . .  . . . .  . . <  . . . . . . . . . . . . . . . .  , . .' . :,. : . .. , . .QoS speqifiqjiqns haye..to,$e given.: Y .  .: :.. 

. . 

Easy to maintain because of the mutual 
. . 

. .  independence of objects . . : . .  

Good ahstraction for media contents 

Advantage . . 

Easy to understand 

Integration of time-independent ohjects is 
easy 

Tubke .7: A.sses.sntenf of fhe Tinte Axes Sytichronizutiort Speci/icurion 

. . .  . . . .  Disadvantages . . . . .  

Objects of  unknown duration cannot be  

5.4.2 Synclironimtion Büsed on  Virtuül Axes 
Virtual time axcs, as uscd in t h c  projcct Atlicn;~ 121 ) or thc  HyTimc standiird 1231, arc a gcncr;ili~>ition 
ol the time nxis appri~ich. In Iliis spccific;ition nicthod il is possiblc to spcciiy coordinatc systcms witli 
uscr-dcfincd mcasurcmcnt uni&. A synctironizilion spwificition is pcrformcd :icu>rding to thcsc :ixcs. 
I1 is ;ilw possihlc to u s c  scvcr:il virtu;il iixcs Ii, crc;itc ;I viriu;il coordin;iic spacc. An cx:iniplc is ;I miisic 

Animation 

Audio2 

P2 P3 



Figure 33: Musical Nofes as Exarnple of Mi-fual Axi.7 

'description by notes as shown in Figure 33. The tune lrequency is defined by the position on thc note 
Jin,es The scquence and duratiian is defined on the axis.with the measurement uni1 beat. . :, . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . .  : . . . . . . . . . . . . . .  . , 

< , . ... . . . . . . - . . . . ; . .  . , 

. . 
m .  . . . .  ...: ........-. , . /.. : - .  : . . . .  . . - . .  : . X . . . . . . .  .. _:. . . . . 

' L: ~ i r t u a l  axis with measurement unit pitch 
' 

The mapping of the virtual axes to real axcs is done in runtirne. In the exarnple, shown in Figure 33, thc 
pitch axis is mapped to the audio frequency and the beat axis is rnapped to a tinier. 
The application exarnple o l  Figure 13 can be realized in this approach hy two time axes and an 
interaction axis (Figure 34). The Iatter should have interaction events as measurcments units. 

4 

. . 

Figure -34: Virlual Time Axis Specification Exarnple 

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

Virtual axis with measurement unit beat 

. . . . . : .  . . . .  . . .  . . . . 

. 

. . . . . . . .  
, 

Advantages 

Easy to understand 

OFten specification according to  the problem 
space possible 

Cood possibility for building hierarchies 

. . .  . .  , 

. . . .  . . . . , .  
. . .  ....:. - : . <  : . . . . I  

. . - .  

. . . . .  

. . 

. 

Time axis 
.. I .  1 . t .  . . . . . - . . . . .  . . ... 

Disadvantages 

Skew QoS only indirectly o r  tlirough 
addition:il specifications defined 

.Specification may become complex witli 
many axes 

Mapping of axes at runtime may he complex 
and time consuming 

. . . .  . . . . . .  . . . . . . . . . . .  -: : . .  ' . . . .  . . . .  . .  . . . . .  . . . .  .... .X. .. ..:.- . . .  . . ...., * ................. )i ............. L,.- ........ . 
.. ' 

. . 
~i te iac i ion  ' 

......... ..................................- 
. . .  

. . . . .  . . , 

Interaction axis r  * 
A :  , . . . 

. . . . . .  . . . . . . . . . . . . . .  . . .  . . .  . . 

Animation . . ' . . 
. . . . . . . . 

Audio2 

. . . . . . . . .  

r  .. V . r r  . t V ,  t r  + t 
Time axis . , . . . .  
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: 
Record. U1 

. 

- f2, 
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Audiol  . 
. . .  . . . . . .  :. . 

Video 

P3 



. . . . .  . . .  . . . . . . . .  Advantages: : , Disadvantages . . .  . . . . . .  . . .  . . . . .  . . C . .  - . , . ' .  . . . ... . i, 

- 
:: 

~ a s ~  to maintain, because ohjects are kept as 
units and mutually independent objects 

Good abstraction for media content 

. . . . . . . .  

Table 8: Assessnlent of ihe Virtual Axis Synchroniza~ion Specifica tion 

Easy integration of time-independent media . . . . . .  . . .  . . 
. . . . .  . . . . . . . . .  . .  . . objectS ' ' '  '. 

Interactive objects can be included using 
.sPwializkd ax&s.' ' ' . ' ' ' 

5.5 Control Flow-based Specification 
In control How-bascd spcciliciitions, the flow of the concurrcnt presentation ihrcads is synchronized in 
predefined points of the presentation. 

5.5.1 Basic Hierarchical Specificatiori 
Hierarchical synchronization dcscriptions [60] (611 are based on two niiiin synchrc>nization opcrations: 
Scrial synchronization of  actions and parallel synchronization of actions (Figure 35). In a hierarchjql , . . 

. :. . . .  . synchroni~ t ion  spkification, . . .mtiltimedia objeeis. are .regarded . . .  a.s a.ircc'  con$stin'g of no~cs ;wh ,kh , :  , . 1. 
. . . . . .  - .  

< . .  . . . . .  . .. " . . dcnote serialcir parallel prcscntai&n Qf the c?utgOing 'SFibtrees:' . 
. . . .  . . 
' 

An acrion can be  eithcr atomic or  compound. An a toh ic  action handles thc'preseth;ition of eilhcr a 
single-rnedia obj&t o r  a uscr input or  a delay. Compound actions nre a combination of synchronization ' 

. . . . . . .  . . . .  . . . . . . . . . . . . .  
. . . . 

operators and atomic actions. . . . .  
. . . . . .  . . .  . . .  . . .  . . . . . . . .  . . . , ,  

. . .  . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . .  . . 
. . . . . . . .  . . . .  . . 

. . .  . . . .  . . . . 
. . . . . . . . . . .  . . . . . . . . . . .  

. . . , 
. . .  

. . . . . . . .  . . 

Audio Video 

Slide sequence 
Lip syn'chronous audiolvideo . . 
. . 

. p+sentation . . 
. . . . .  

Figure -35: Seriul and Parallel Presen fations 
. . . .  . . .  . . . . . . .  . . . . . . . .  . . . .  - .  . . . . .  ... . . .  . : . . . . . . .  .. 

~ h e  iniroduction of a delay a s  a possible actiod (271 allows the rnodelling of furlher synchronization 
behavior l ike,  delays in scrial prcsentations and :delaycd. presentations of objccts in . a .  parallel' ' 

synchroniz;ition. 
1licr;irchic;il strudurcs arc easy 10 h;indlc and widcly uscd. Rcstrictions frcm thc hicrarchiciil structure 
arisc frotn thc fiid (hat cach iiction c i n  only bc synchrcmizd iit its bcginning o r  end. This  nic;ins, Tor 
cxiimplc, thiit thc prcscnl;ition of suhliilcs at piirts of a vidco strciim rcquircs thc vidco strcaiii to hc 
spliltcd i n t o  scvcriil consccutivc coiiiponcnis. T'liis ciin hc sccn in Figurc 36 I'or thc synchron'iziition 
spccilication of ilic iiniiiiiitioii iind tlic iiudio l)lock in ihc cxiimplc iniroduccd in Scciion 2.3.3. Thc  ' 



.animation has to be spli t td in the parts Animation 1, Animation 2 and Animation 3 io hc corrccily 
synchronized with the audio block. 

Figure.36: H i e r a ~ h k a l  Specification Exarnple (Ri - Recorded Irifer-acfior, Pic. = Picticr-e, Aud. = 
Audio, Ani. = Animation, UI = User Interaction) 

Accordingly, a synchronized multimedia objcct used as a componcnt in anothcr synchronization can no 
longcr be regarded as an abstract unit, if it has tobe synchronized betwcen lhc bcginning and cnd of its 
presentation. That is to say, hierarchical siructures do not support adequate abstraction for the internal 
structure of multimedia objects. In addition, there are synchronization conditions which cannot be . 

. . .  .rept.aented . . . .  using hie~archical structures.. An examplc is.the three objects, shown in Figure'37, which ': 

gre presented in parallel, whtxe any paii a f  objects is synchronized.-but always. indepcndently d ' t h e .  . . .  
ihird obj.&t.'To specify this.synchronization, additional synchronization points must be uscd. 

. . .  

Figure 37: Non-describable Synchronization 

The asscssment of the basic hierarchical method is summarizcd in Table 9. 

Tuhie 9: A,sse.ssnrerzr of [Ire Busic Hierurclr icul Synclrronizu~ion Spccifica 1 ion 

. . 

. . . . . . .  
. . . , . . .  . . , ~ d ' v a n t a ~ e s  

. . 

Easy to understand . . . .  
. . .  . . . . . . . . . . . . . . . . . . . . .  ... . ' .  .; :. i 'Z . . . . . . 

Natural support o f  hierarchies . , . . : . 

Integration of interactive ol~jects  is easy 

. . 
. . . . . .  . . . . .  

. . . . . . . . . .  Disadvantages 

. . . .  . . . .  . . . . . . . . . .  ~ d d i t i o n a l  description o f  s k e y - Q q S  . .: : .: \ . '. . 'f . . ,' , ' ' , ' ' . < .  . 
nec&sary 

For the presentation of time-independent 
media objects presentation durations must he 
added 

Splitting of media objects !i,r 
synclironiz;ition purposes necessary 

No adequate ahstractions for media ohject 
contents 
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'' An example of thc synchronizcd integration of time-dcpcndent and time-indcpcndcnl mcdia ohjccb is 
. . .  i . . . . . .  shown in Figure 39.-Sbfling and stopping of a. slide prcsentalion arc initiated hy reaching suitahle . . .  . . . .  . . ....... . . .  . . .  

. . 
..... . . . .  rLqUs, in..th& audicj.pr&en't;iti&n.: ' :. ..: . . . ' . . .  * . : .. , . . . . .  ..,. . . - t . .  . . " . . 4 .  : .. . . . .  . .  

. . 
. . , .  ... . . ... . . . . . . . .  

.Figwe -79: Example of a Slide Slzow wifh Audio Sequerice in tlre Refennce Point . . . . . . .  Mode? . . . . . . .  . . ~. , . . . .  . . . . . . . . . . . . . . . . . .  . . .  

. 

The application example can be complctely specified with the reference point synchroniziition modcl as 
shown in Figure 40. 

. . 

. . . , 

. . 
... . . . . . .  . - Figure 40: Ref=rgmq P&[ ~~n=h>wi&tion ~ ~ c i l ; c a t ~ ~ ~ ~ r n ~ ~ c ~ ( w i t h  'the ht&rntwn of m e - :  ., 

. . ,,. . , , 

. dependinr anti Tme-independent ~ e d i a . ~ b j e c i s  ai well as CIosed and Open LDUs) 
. . . , .. . . . . 

. . . .  Hiirarchies in the referen'&. point iyn=hronization method can be create'd by regarding a sct of 
synchronized objects as one object, with the start of the first object and end of the last object as 
refercnce points. Virtual reference points for this prescntation can be specified and mapped to thc 
reference points within the hierarchy. The sernanlic of this mapping can hccomc complex in the casc 
that objectsof unknoyn duration are .included in the hierarchy. The asscssment of.thc refercnce point. . 

method is summarized in Table 10. - . . . 

A L  

, .  

Slide 1 

Interaction 

. - 
. _ .  .:. 1:;:. . . . . .  . :  . ' . . I .  . . 

. . -  

1 . V  . V  J 
. 

Table 10: Assessnren f of rhe Rcference Poinr Syrr clr rorr izariotr Sl)cci/icurio~~ 

Slide 2 

Advantages 

Easy to understand 

Natural description of temporal relations 

Easy integration of interactive objects 

lntegrated description of skew QoS 

Easy integration of time-dependent objects 

A L  A A 

I . . . 

Disadvantages 

More difficult to maintain hecause of the 
direct description of object relations 

Hierarchies sometimes complex 

- 

AL 

. . . .  I .I. 

Slide 3 Slide 4 



Table 10: Assessmenf of rhe Referertce Point Synchronizafion Specificarion 

L 

Another type of spwification is based on petri nets [62] 1631 (hat are extended with duration 
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 conhin a nonblocking token. 

If a transition fires a token is removcd from each input place and a token is added to each outpul 
place. 

A token that is added to a new placc is blwked for the duraiion that is assigned (o this place. 
A slide show can be specified hy assigning corresponding durations to ihe places (Figure 41). 

Figiu-e 41: Pefr-i Ne[ SpeciJicationof a Slide Show 

... . . . . . .  Advantages : L . . .  . . .  .'-_, .. 
Time axes-based synchronization can be 
regarded as special case of tlie reference 
point synchronization method 

. . . .  
. . . . .  . . *  . . . . . . . . . . .  S i  ~i~advaiitages- ..' .:. . . . . . .  . . . . . . 

11 is also possible to combine a set of consecutive LDUs to one place as long as no inter-object 
synchronizalion cxists bciwcen thesc LDUs and others. A hicrarchy can bc u>nstructcd by crcating 

. . .  
. . . . .  . . .  . .  For time-dependenl rnedia objkts each place . . . . . .  in the'pktri - .  .$. net . .  .r&iesents an LD.U. Lip sy~ch&.h l i o . n  ': :. . ' . 
. . .  

' :: cah be-rnsdelled'oithkkis'~ bf '&nri&tibg:nppr~iiate LDUs b~ i i sn s i t i ons .<~ i~u re  42). . 
' ' 

. . -  
. . 

. . . . 



\ subnets that arc assigned to a placc. The duration of the longcst path in lhe subnct is assipncd to thc 
place (Figure 43). . . .  

. . .  . . . . .  1 . . . .  . . . . . . . .  . . . .  . . - . < .  . . . . : . . .  . .  . - . . 
/. : - . . 

f .  

. . . .  ; . . . .  : .  . . 
. . .  

. . . . . . . . .  . . 
.... . . . . .  . , : 

Figure 4.3: Pelri Nef Hierarc/iy t/zat Comprises the Syncl~ronization ojAl und F2 to F.7 

The application example of Figure 13 can be modclled as shown in Figure 44. Thc subnets are not 
shown bccause they can be creatcd by thc str:iightlonvard usc of the tcchniqucs dcscribcd abovc. 

Audio-Video Record.UI Picture 
subnet . . . .-subnet ,. . 

60 s 20 s 15 s J 
User interaction Closing picture 

. . , . Animation subnet 2 . - . . 

.. and Audiosubnet 

Tirned petri nets allow all kinds of synchroniz~tion specifications. The-main drawbacks arc thecornplcx 
specifications and the insufficicnt abstraction of mcdia objcct conlcnt -bcciiusc, much likc ihc 
hierarchical specification, the media objccts have to he splilted in subobjects. The asscssmcnt o l  thc 
timcd pctri nct mcthod is summarizcd in Tablc 11. 

Tahle I I :  Assessmenl of lhe Perri Ne1 Synchronizaiion Specificqrion 

Advantages 

Hierarchies can be created 

Easy integration of time-independent objects 

Disadvantages 

Not easy to handle 

Complex specification 



Tuble 11: Assessmenl of rhe Petri Net Synchronization Specification 

, 
! 

5.6 Event-based Synchronization 
In the case of event-based synchronization presentation actions are initiated hy synchronization events, 
e.g. as in HyXme and HypcrODA [64]. vpical presentation actions are: 

Slarl a presentation, 

. . AdvanGges . . . : . : . . . .  

Easy integration of interactive objects 

Integrated skew QoS 

Slop a presentation, and 

Di sadvan~ges  . . . . . . . .  . . 
Splitting of rnedia objects 

Insufficient abstraction of rnedia object 
content 

Prepare a presentation 
The evcnls that initiatc prcsentation actions may be external (e.g. generated by a timer) or internal to the 
presentation generated by a time-dependent rnedia object that reachci a specific LDU. 
The following Table 12 sketches an event-based synchronizalion for parts of the application example: 

Even t 

Action . 

Audiol 

Video 

Timerl 

Start  . . .  

start 

start 
. . . .  . . . . . . . . . . .  : . .  : 

Timerl.  
ready ,,.... 

- .  

start 

. . 

Tuble 12: ~&nt-based Specificorion~ Exuh~ple .. ' . . .  . . 
.' . 

. . 

This type of specification is easily cxtendcd to new synchronization types. The major drawback is that 
this type ol  spccification is diflicult 10 handle in .the case o i  real-istic scenarios ..The.user% is lost in,. this.: . . . . . . . . . . . . .  > . . / . . . . .  .' . .  'slatCtraii~itioh t j q k  ~f '~nkiiiO$&rlonrl"S@eCiTi~tion, hence criation and hainiina'ice be&h& 
difficult. Thc assessment of the event-based mcthod is summarized in Table 13. 

. . 

Tuble 1.7: A.S.SC'.S.SI~I~IIL of rhe Evenr-Bused Synchronizurion Specificurion 

Advantages 

Easy integration of interaciive objects 

Easy extensible by new events 

Flexible because any event can be specified 

Disadvantages 
* 

Not easy io h:indle 

G)mplex specificiition 

Hard to maintain 

Integration of time-dependent objects by 
using additional timers 



Table 13: Assessment of the Evenf-Based Synchronizafion Specificafion 

Y 
Advantages 

. . . .  . . . . . . . . . .  k . . , . .  . . . . . . . . . . . .  . . . . . . . . . .  :. . . . .  . . ' : . . . 
1 

. . . .  . . . . .  . . .  . . . . .  . : 
. . . .  . . . .  5.7' Scripts. . . . . . . . . . .  - .  . . .  . . .  . . 

A script in this context is a textual description of a synchronization sccnario [17] [%I. Elemcnts of 
. . . . . . . .  scripts are activitiesand subscripts. Often scripb become full ,pr?grarnm,ing languages. cxt.cndcd by the. :' 

' timing opekiions. ~ c r i ~ t s  may rely on dimeren1 specificati6n mct'hods.. 

Disadvantages , 

. . .  . . . .  " .  . . -  
s&afi te  deseripticiris of sk& Q~;S . . 

necessary 

Difficult use of hierarchies 

A typical example is a script that is based on the basic hierarchical method and support. thrce rnain 
operations: serial presentation, parallel presentation and the reptxtcd presentation of a media objcct 
The following exarnple sketches a script for the applicalion example from Figure 13. >> denotes a 
serial presentation, & denotes a parallel presentation and n * denotes a prcsentation repealed n tirnes. 
([581): 

a c t i v i  t y  DigAudio Audio("video. au") ; 
a c t i v i t y  SMP Video("video.smp"); 
a c t i v i t y  XRecorderRecorder("window.recW); 
a c t i v i t y  Picture Pi~turel(~picture1.jpeg"); 
a c t i v i t y  Picture Pi~ture2(~picture2.jpeg"); . . . . . . - .  
. d . c t i v i t y  .~ic.ture' Pi'cturie3 ("bicture3:..jpeg") ; , . ' . . .  . . . . . . _  . . . ._  . . .  . . . . .  . . : .. . . . . . .  . . . .  . . r . . .  : a ? t i v i t y  .?.2cbu.e.; ~~~lcture4.(~~~~ct~re'4'.~9$~~) : : :. . .  . . . . . 
a c t i v i  ty ~tart~nteraction~elechion; . . . . 

a c t i v i t y  DigAudio AniAudio(~nimation.auw); 
a c t i v i t y  RTAnima Animati~n(~animation.ani") ; 

s c r i p t  Picture-sequence 3Pictures= Picturel..Duration(5) >> . . . . . . . . . . . . . . .  . . . . . . . .  ... . . .  ~icture2 iluy'ation ( 5 )  .,*> . .: . . . . . -  ;.;.;.. . . . .  -: .. . . . . . . . . . . . . . . . . .  
. '  . . , .,.,,' . : . . . . . \  . ,  

- .  . . . . . .  

Picture3.guration(5);' . . . . :., . ' . . .  . . .  
. . 

. , . . 
. . . . . . .  . . . . . .  script LipSynch f i  Audio & Video; . ' , , . . - . .  
. . . .  s c r i p t  ~ n i ~ o m m e n t ' ~ ~  "Animation 6 AniAudio.Translate(2); . . . . .  

s c r i p t  Multimedia Application-example { . 

AV >> 
Record. U1 >> 
3Pictures >>' .: . 

. . . . . . .  ( .(s&l&tfin >> pict"r64) & 
. . . . . . 

AA' ' 

Scripts are very powerful because they represent full programming cnvironment.. . A disadvantage is 
thal this method is more.procedura1 than declarative. The declarative . . .  approach seems.to.bc more casy . . 

. . .  

for the user tohaiid~e.?hk &sksment &f the scribt 'method is summarizcd in Tablc 14. 

Tab fe 14: Assessrnent of rite Script Syncltronizatiorr Specifica f ion 

Advantages 

Good support for hierarchies 

h g i c a l  objects can be kept 

Easy integration of  time-independent objects 

Easy integration of  interactive objects 

Disadvantages 

Not easy to handle 

Complex specification 

Implicit usage of m m m o n  timers necessary 

Special constructs for skew QoS necessary 



. . . . . . .  Tuble 14: As~<ssrnent of rhe Script Sy~tchroniur.tion Speci/icution . , . . . . _ .  . 
. . 

. , .  
. . . .  ... . . . .  . . .  , . .  . . . .  . . : . .  _ .  

Advantages 1.. . . .  
' . '.', .; ' .':, . . . . . . . .  . . . . . . .  

Easy extensible by new synchronization 
constructs 

Flexible because programmable 

5.8 Comment 
The presented synchronimtion specification methods have different specification capabilities and are 
different from the pokt  of User friendlincss; but many of them just present different "views" of the 
Same problem. 
Howevcr, Lhe different specification capabilities restrict the mapping bctween specifications of different 
methods tc) the common subset. 

. . . . . .  . . . .  . . .  . .  .. .Disadvantag& :. . . - . . . . . . 

The selcction of an appropriate specification method depends on the targeted application and on the 
existing environmen~ As the temporal behavior of multimedia objccts is only one Part of a 
presenlation, we have to keep in mind the context as it may be an audio/video editor or an MHEG 
prescntation 1001. Thc sclccted method must fit into the selected environment. Thcre is no "best" or 
"worst" soluiion. For simple prcseni;itions without User interaction, the mcthod based on a global timer 
secms to be appropriatc. For complex struclures with interaction, for example, the reference point 

. . . .  modcl scems lo be suitable. . . . . . . .  . . . . .  . . . . . . . . .  . . . . . . .  .... : . . . . . . .  . . .  . . . 1.n. man) ~iscs , i i~ecs  will.p&,dir&ly' *iiy thcsynctii*niiaii9n &ing a.sp&ihc speci&iti<jri methad. . . . . .  . . -  . . .  . .; " . . . . .  . . .  , , .  
.They wir1 usii'ihstead a. grafih'ical auth8ring system thakm'ay produce &ecificatioiis based on different 
mcthods. Bui the Expericice shows that usually one of these specification mcthods underlies the 
construction .of the User interfacc and therefore indirectly thc advantages. and disadvantages of the 
method reflect themselves,at the User interfiice. In,addition, many authoring sy'stems allow to step out of 

. . . . . . .  - the high l p ~ l  graphical repr6~entation. add -lö.'spkifi. a.xmmplex synchronization directly ;at the:l&e'si 
' syFchr&igtion spccifi~ation.levcl, e:g. Ihe t~xtual level providedby the undcrlying method, which is 

. . 
nqt ihe best way t o . p r e e d .  . . . . . . . . .  . . . . 

.. - 

6 Case Studies 
. . 

. . .  :In th is .s~t i6n.  some inkresting approaches to.multimedia synchronizatiori are described ~ n d  classified. . 

. . .  according to th t  reference model presentcd prev-iously. . . 

In particular, weanalyze synchronization aspecis in standards of multimedia information cxchange and 
the respwtive ryntime envirmmcnts, and protqtypc . . . .  muliimediasyslcms which ,wmprise .scvcral layers . . . . : . .  .: 

. . . .  . . . . . . .  . . .  . . . . . .  
o l  ttie'i);iclii6ni&tioh refercnie model. . 

6.1 Synchronization in MHEG 
Thc gencric space in MHEG providcs a virtual coordinatc syslcm that is uscd to spccify the Iayout iind 
rclation of contcnt objccts in spacc and timc according to thc virtunl axcs bascd spccification mcthod. 
Tlic gcncric spacc hns onc: tirnc axis of infinite Icngth mcasured in Generic Time Unifs (GTU). Thc 
MIiEG runtimc cnvironmcnt hris to miip thc GTUs to Physicul Tinte Unifs (PTU). I f  no miipping is 
specificd the dcfnult is onc GTU mappcd to onc millisccond. Threc 'spati;il axcs (X=l;!tiiudc, 
Y=longtitudc, Z=altitudc) ;irc uscd in thc gcncric spacc. Each of thcsc axcs is of linitc Icngih in an 
inlcrval of [-32768,+327671. Units arc Generic Space Unifs (GSU) .  Also, thc MI4EG cnginc has io 
pcrform lhc mapping froni thc virtu;il io ihc rcal ctwrdinatc spacc. 
Thc prcscntation of contcnt objccls is hascd on ihc cxchange of action objects scnt to an ohjcci. 
Examplcs of actions a rcprqur r  to sct thc o\,jcct in a prcsentablc st;ite, run to st;irt thc prcscnt;ition nnd 
slop io end thc prcscntrition. 
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Wction objecis can be combined to an action list. Parallel action lisfs arc executed in parallel. Eacli list 
's composed of a delay followed by delayed sequential actions that arc process+ serially hy thc MHEG 1 . . .  ... . . i. . . .  ngine, as siiown in Figure ,45, .. ' ....: . . .  . . . . . . . .  . . . . . . .. , .  3 : 

C 
Parallel lists of actions 

. . . .  . . 
( d '  

-0 -s 

. . 

. . .  . . . .  
' .  , . 0 + 

action action 
. . . . . .  . .  . . . . . . / :.:. . . . .  

- Figure 45: Lkis ofActions 

By using links it is possible to synchronize presentations bascd on cvents. Link conditions may bc 
associated with an cvent. If the conditions associated wilh a link are fulfillcd, thc link is triggcred and 
actions assigned to this link arc pcrformcd. This is a type of evcnt-bascd synchronization. 

MHEG Engine 
Ai the European ~ e t ~ o r k i n ~  Ccnter in Hcidclbcg a,n .MHEG cngine [65] has bccn developed. Tkc . 

: .' MHEG erigine is an i ~ i ~ l e m e ~ a t i o a o f  the.-6bj.j-tlaycr. The architccture 01 thc ~ ~ ~ ~ . . c n i i n e  is sh&n' . . . .. 
.' . ... . . "in l?ig;re 46: ." . . 

. . . .  . . .  . . . Applicatian , . . .. , . . .  . . . . . .  . . .  G .  
. . 

. . . . . . . . . . . . . . .  . . ' .  : : 
. . . .  . . . . . . _ . _ .  . . .  .. ' .. . < .' 

MHEG Engine ' 

System 

'C: C 

User 
interface - 
Services 

Operating System 

I I 

Ffgiire 46: Architecfure ojan MHEG Engine 

Thc Gcncric Prcscnhtion Scrviccs of thc cngine providc ahstractions from thc prcscntation modulcs 
uscd to prcscnt thc contcnt ohjccts. Thc AudioIVidco-Subsystcm is a strcam Iaycr implcincnt;ttion. This 
wmponcnt is rcsponsiblc for thc prcscntation o l  thc continuous mcdia strcams, e.g. audiolvida) 
s&ciirns.'~hc User Interface Scrviccs providc lhc prcscntation of timc-indcpcndent rncdia, likc tcxl and 
graphic., and the proccssing of uscr inicractions, c.g. hutions and forms. 

Thc MHEG cnginc rcccivcs h i n  thc application thc MHEG objccb. Thc Ol~ject Manager managcs 
thcsc objccts in thc runliiiic cnvironmcnt. Thc 1nfcrprefc.r proccsscs thc ;iction ohjccts and thc cvcnts. I t  
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responsible for initialing the preparation and . presentation of the objecis. The Link. Processor 

the slatesof obje& and.iriggers links, if.ihe trigger conditions 0f.a link are fulfilled. . ' . . . .  
systi& wrnm~nica tes  wich ke presentation servica by events  nie User Interface 

$ervices provida evcrnis that indicate User actions, the Audio/VidebSuhsystem provides events about 
ihe status of the prcsentation strcams, like end of the presentation of a stream or raqching a cuepoint in 
a stream. 

Summary . . . .  ... . . . .  . . .  . . . .  . 
. . . . . .  . . . . . . .  . . .  > , .  ; .  : % .  : . .' . . . .  , 

. . . . . . .  . -. . . . . . . . . .  . . . , .. . . 
. : : . . .  MHEG :is'.i'st;ihdaidiiid .&&&"e.fom'it .'W is used as ei&nge formal. ht lhe. obj&i.l;iyer.<'~he . . . . .  

synchronization is based on ihe virtual axes and event-based methods. An MHEG engine represents the 
object layer-runtime environmeni. The object laycr implemeqtation, . . . . . . .  of the describeciengine i s  based,on.. . , . . . .  . . . .  . .  . 

. . X  . ' media.'sc~ers: ~ h ~ ~ u ' d i ö ; ~ ~ i d & - S u t i s ~ s i e ~  ;kpre~ents'the siream hier .  Figure 47 shows the rclation to 
thc synchronization reference model. 
Regarding distributcd environments, the processing model of MHEG has the following drawback: The 
duration bctween the preparation and display action is coded in lhe.MHEGobject ,  but the duration 
dcpends on Lhe runlimc environment. Thcreforc this duration should be computed by thc MHEG 
engine. 

. Figure.47: ClassiJication ;ofMHEG..and MHEG ~ n ~ i n e . c o m ~ o n e n t s  ' ' 

According to fhe Reference Model 
. . . .  . . .  . . . . . . .  . . . . .  . , . . . . . . . . . . . . . < . . . . ~ . . .  

. . 
. . . . . . . . . . .  , .. . . . . . . 

. . 
. . . . . .  . . .  . . . . . . . . 

6.2 IiyTirne 
HyTime (HypermedialTime-based Sfrrtcruring Language) is .an international standard.(ISO/IEC 10744) 
[23] lor the structured rcprcs&ntation of hypcrmedia information. HyTirnc is a n  apilication of thc 
Slandardizcd General Markup Languagc SGML 1661 (See also Section 13.3.1 
SGML is dcsigncd for dtxumcnt cxchangc, whcrchy thc documcnt structurc is o l  grcat imporhncc but 
ihc layout is a local m;iitcr. Thc logical structurc is dcfincd hy markup commands that arc insertcd in tlic 
tcxi. Thc markups arc dividing thc tcxt inio SGML elemenls. For ciich SGML documcnt a Dura V p c  
Definilwn (DTD) exists which dcclarcs ilic elcmcnt typcs of a dcxumcnt, thc attribulcs of the elcrncnts 
and how the insianccs r rc  hicrarchically rclatcd. A lypical usc of SGML is the publishing industry 
whcrc an auihor is rcsponsihlc Tor thc contcnt and structurc o l  ihc documcnt, whcrcas ihc puhlishcr is 
rcsponsihlc k)r ihc layoui. As thc contentof thc documcnt is not rcsirictcd hy SGML, elcmcnts can hc 
of lypc tcxt, picturc or oihcr niultimcdia d;ita. 

. 

Specification layer 

Object  . . la).er ibterface . . J - : - . : ~ M H E G c o ~ ~ ~  . . . .  rnu~time& objeci.- 
'. ! 
i Iiilerpreter MHEG ~ n b i n e  ..: 

Ohject layer O,~,eci Mai,ager User Interface 
i Liiik Processor Services 

Stream layer interface i .- ........................................................................................ 
. . .  . . .... . . . .  . . . . .  . . . . . .  .. L . . . . . . . .  . . . . ..: - :-. . . . . . . " . .  

I . . . . . . .  ,: :..streEm iayei L.. . .  i . .  : . . .  .:. " ~ ' A v - s ~ & ~ ~ ~ ~ ~  
. Media layer interface i .- .......................................................... ............................... 

Media layer 

. 
I. . 

. . .  . . 
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\Hy'lirne dcfines how rnarkup and DTDs can be used to dcscribe the structurc of hypcrlinkcd timc-hascd 
multirnedia docurnents. HyTirne does not define the formal o r  encoding of elcmcnts. I t  pnyidcs  thc . . .  . . . . . . .  . . . . . . . . . . . .  . . .  . . . . ..... . .  . .  . . . . . . . . .  . . . . . .  ..... . mmeyork for defining.the relati,omh'ip be!wee.n, lliese elcments. I=.,'. 

...L .- . . . . . . .  . . . . . .  . . .  . . .  -. 
' .  . . . . . .  . .  . . . .  . . y k m e & i p ~  addrcsses to ideniify a ce&in bicce of informaiion within an &ment, linking 

ffacilities to establish links between parts of elcments and temporal and spacial alignment spccifications , . 
ito describe the relationships between mcdia objects. 
HyTime defines at-chirecrural forms ihat reprcsent SGML element declaration tcmplates with 
associated attributes. The  scrnanlic of these architcctural forms is defined hy HyTime. A HyTime 
application designer creates a Hy'lirne conforming Data S p . e  Defin.ition.(DTD) usi.ng the.architectural . . . .  . . .  . . 

. . .  'foimshefshe nkeds fo'r ihb ~ ~ ' l i m ~ ' d & ~ m e r i t . .  in  the H ~ T ~ ~ C  DTD kach tilement.type'is a&&iatcd 
with an architectural form by a special Hy'lime attribute. . . 

. . . . . . . . . . . . . . .  .. . .  .. . . . . . . . .  The HyTirne uc$ i t~ura l ,  Mrms are grouped..into .he. following rnodules: : : .:.; 

Base Module: It specifies the architectural forms thc docurncnt is composed of. 

Measumment Module: This rnodule is used to add dimensions, rneasurement and counting to thc 
docurnents. Media objecls in the docurnent a n  be placed along the dimcnsions. 
Location ~ d d r e &  Module: It provides the rnians to address l m t i o n s  in a dcxumcnt.The following 
addressing modes are supportcd: 

Name Space Addrcssing Schema: Addressing to a name idcntifying a picce of inforrnation. 

Coordinate Location Schema: Addressing hy refcrring to an intcrval of a coordinatc space if 
measuring along the coordinate space is possible. An example is to address to a part of an audio 
sequence. ' . . . . . . _ _  . .  . . . . .  . . .  

. . . . .  . . .  . . . .  . . .  . . . . .. . . .  : . . . . :  * .  
. . . . . .  . . . . . .  , ' . .  . . . .  .: . . . . ' " ' * . . 

- .  . . . .  .. . . . . . . . . . . . .  . . ..::... . . .  . . . . .  .em~ii&tocaii&, s&emaii~Addi&Sin~ . . . . . .  . . by'~i''b ~ p p ~ i ~ i ~ ~ f i C ' c o ~ . S f r U & S :  . . : ...' . . . . : ' I '  .. , . 
. . .  . . .  .. . . . .  . . , .. 

Gchedulhg module: This module places media 8hjects inthe finite coordinatc spacec (FCS). Thcse 
spaces are collections of application defined axes. To add measures 10 the .axes; the measuremcnt 
module is needed. Hy'lime does not know the dimcnsion of iL5 media objccts. So  called events are 
used f ~ r  the preseniation of m d i a  objects. AI; cvent is an.encapsulation of a mcdia .object andcom- . . . .  . . 

i . . . . . . . . .  . : . .  
. . .  ..;, . . - . . .  pnses .ihe lriyba s ~ ~ i f i ~ ! i ~ f i i e l ä t ~ ~ ~  a.'m.'fie kan'Ge pi&d ibsolutely br'.&lativel,, t 6  . . .  . . . . . .other events, withimthe finite,eoordinite:spx&:' . -.' . . . . . .  . . . . ; . . . . . . . . .  . . . . .  . . . . . . . . . . .  9 . .  . : . , 

... .:,.. 
. . , . .. 

, ~ y e e r l k k  ~odule :  1 t  e&bi& buii&& l i ik  c o & e ~ t i 6 ~ s  hetween'&dia objekts. Endpoints =an be 
dcfincd using the location address, rneasurcments and scheduling modules. 

Rendition Module: It is used (o specify how ihe events of a source FCS, that typically providcs a 
generic presentation description, are transformed to a larget FCS that is used for a particular presen- 

. . tation. During the mapping, presentati0n relate'd rnodifications arE'ex&wied, e.g., changing the color 
-represenL-tion; projection of the dirnens.ions i hm thc wurce to thc taget FCS Or scaling of the pre- 
scniation. 

HyTtrne Engine 
The h s k  of a HyTime engine is to take the output of an SGML pnrscr, to rccognize architcctural forms 
and lo perform the HyTime spccific and application indepcndent prwcssing. Vpica l  tasks of thc 
HyTime enginc are hypcrlink resolution, object addressing, parsing of mcasurcs and schcdulcs, and 
transformation of schcdules and dimensions. The resulling informntion is thcn providcd to thc Hy'iimc 
application. 
Thc HyTimc cnginc HyOctanc (671 dcvclopcd at thc Univcrsity Massachusctts at Lowcll has thc 
following architccture: a SGMLparscr hkcs  a s  input thc application data type definition that is uscd for 
thc docurncnt and the HyTirnc documcnt inshnce. It storcs lhe docurncnt ohjcct's rnarkups and 
contcnb, a s  wcll as  thc application's DTD in the SGML laycr o l a  datahasc. Thc  HyTmc enginc takcs 
as  input thc inforrnation storcd in thc SGML Iaycr of lhc datahasc. It idcntifics thc architcctural forrns, 
rcsolvcs addrcsses froni thc location addrcss modulc, handlcs thc functions ol the schcduling modulc, 
and pcrlorms thc mapping spccificd in thc rendition niodulc. It storcs the inforrnation about elcments ol 
thc documcnt tli;it ;irc inst;inccs of architcctural forms in thc Ily'limc Iaycr of thc dat;ihnsc. Thc 
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pplication layer of the database Stores the objects and their auributcs, as defined by the DTD. An. . . . . . . .  

. ' 1. !pp1iwti~n pciqcjter gcts.hm &.C dafabase:,the.ipfoniiatioi.i n d  fbfthk pksonl<it8~bf<hc da.tiitsasee.:: ! 
' 

,mnten< including the links b e ~ e c n o b j e c k  and the prese&tion coordinales lo use for the presenti-&oh. 

!Summary 

HyTime is applicable (o many application areas. It standardizes ncither content formais, encoding, 
document types, nor specific SGML data type definitions. It provides a framework for addressing 
poriions of hypermedia document contents and the definition of linking, . alignment . . . . . . .  . and..  ,, ,. . . . . . . . .  : . ,. 

.. . :. . . . . . .  . . syiichroniwti~n ... In, ihe.aiitexf.0f (h&'synchr(id&lion"&fe~eh~e'mde~; ä ' ~ ~ ~ i h e , d & & n e n i ,  tbgktIi& 
with I& DTD, can be used as input to the object layer. The synchronization is based on.the vit-rual axes- 
synchronization.method. The SGMLand HyTime related preprocessing is dorie by the . . . . . . . . . . . . . . . . . . . . . .  HyTime engine , , , ,, ,,, . , 

. ?  . . . .  in..(hc .*bjKt: layer;.-'~.he . gp@li&tibh pr&&iiti~ .proui&is ihk' Öihei'&j& l e e r '  a"d siream laYer 
. .  

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

Figlcre 48: Classification of Hy7ime and the Hy'lime Engine 
Accordirig fo the Synchronizatwn Reference Model 

Oihcr classification possibilities are Lo regard the dalahase as object laycr interface format o r  to use the - 
database 10 gcncrate an MHEG specifiation. In that case the HyTime engine can be rcgarded as parl of- 
a format convcrsion tool. 

. . . . . .  . . . .  , . . . . . . . . . : . . . .  . . 

. . . . . . . . . .  . . 

. . 

63 Firefiy System 
The objwtive of the approach of Buchanan and Zellweger 1681 1161 is to automatically generate 
u>nsistenl prcscntation schcdulcs for intcractive multimedia documents (hat comprisc media objcct.~ of 
prcdictiiblc bchavior (likc audio and video) and objccts of unprcdictable bchavior (like User 
iiitcractions). The gcncriition algorithm comprises two phases. At thc first phasc, bcfore the cxccution 
of thc prcscnliition, high-lcvcl temporal spcciftcaiions for a documcnt arc uscd to compute a 
prcscnliiticin schcdulc, as f;ir ;is possil~lc without knowing thc unprcdiclahlc durations. In thc sccond 
phasc during tlic prcscnt;ition, tlic schcduling dcpcnding on unprcdictiihlc duraiions is incorporatcd. 
The spwilication of tlic icniporiil constrainis distinguishcs mediu-lewl spccilicntions that dcscribe ihc 
lcmporal bchavior of  inclividuiil mcdia objccts and documcnt-level spccificaiions that dcsiribc thc 
icmporal bchavior of a complcic niultimcdia documcnt, in particular thc temporal rclations betwecn 
singlc rncdia ohjccts. 
Mediu ilems arc uscd Li)r thc mcdia-lcvcl spccification. Thcy comprisc a rcfcrcnce 10 a mcdia objcct and 
arc uscd b dcscrihc thc Iemporrl hchavior of this mcdia objcct. A mcdi;i itcm consists of: 

Speci ficat ion la yer 

Object iayer interface 

" ......................... .............................................................. 

....... HyTime Documelzi und DTD ......... 
SGML Parser 

Object layer HyTiiiic Eiigiiic 
Al>l)lication Iiiitializer 
Application Preseiiter . . .  

. : . Stream layer interface . . ; . . .  : '  . . . . - . . .  . - -  : . . . .  . . . ..: .I . . . 
. ~ i i e a A . l a ~ e r  '' 

Media -layer interfäce 

....................................-....,...-.-..........:....................,.. . . 1 . . . . .  .._ '. 
. . ' t.: ' : . . - . . . . . . . . . . . :  . . .  

: ,..: . . 

...................................................... ..................... :- ........... 

. . . . . . .  . . .  . . .  
'.(.%. 

~ e q i i  .:. . . . . . . . . . . . . . . . . . . . .  . < . .  
. . . . . . . . . . . . . . . . .  ..: ..Y . . . . . . . . . .  . .  . . .  

. . . . . . . , . . .. '.. . . . . . . .ii . . . 
. . . . . .  
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\; Events: They represent points in time at the presentation of a media object. Thcy are cornparable to 
a reference point. 

i .... . . .  . . 
. . ! .  (t.. D"ra.tionk, T i i e y ' s ~ e c i ~ ~  thii dup%ioa b e t k n  tWo~S'uh;scquent de"ts  iii.';i iribdii bbjcct '~,  d"rition' 

is rep;eseiiied by a triple of values: minhration, optDuration and hax~ura t ion .  If thc thrce valucs 
are equal, the praentation duration is fixed. If they spccify an interval, the prescnhtion is adjustable. 
No values are assigned for an unpredictable duralion. 
Costs: The costs can be used as  measurement for the degree of dcgradation in the case of strctching 
the presentation towards the maximal duration respectivcly shrinking it bwards the minimum dutn- . . . .  . . . .  . . . . . .  . . .  . . . . .  . . . . . .  . . . . . .  . . .  . . i 

. . . . . .  . . .  . . ... . . _ . . . .  . . /' 
_ .  ' _  . 

. . . . .  . . .  tion. : .  . . . . . . .  
. . 

. . 

A documeni-level specification consistsof 
Media items: These are the media items involved in the presentation. 

Temporal constraints: They are used lo describe explicit temporal rclations bctwecn evcnts in one 
or more media items. Temporal constraints are classiiied into temporal equalities, that describe a 
fmed temporal relation between Wo events (e-g., same time, one event 10 s before thc other), and 
temporal inequalities that describe a temporal relation without a spccified time (e.g., one event 
before the olher, one event at least 10 s and at last 20 s before the olher). 

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

Duration and  costs: They can he described according to the media levcl. Al document levcl this is 
used to describe a different behavior for scveral instances of onc niedia itcm in a documcnt. ,. . . . .  . . .  . . 

. . : - .  ~ n ~ t - e d i e t a b l ~  e i n t  coiitrol: ~ h e  ~ p r e d i c h b l e  event controi allows 10. atti&tcahd deactivate " 
' 'I . . . . . . . .  . . . , . :uhprkdictabj'e events. ' . . 

To support the'deve~o~ment of temporal specifications, a graphical represcnhtion of the specification is 
. supported. The synchronizationspecificätion methoii is a kmbination of reference point and intcrval: 
based synchronization. ~he'scheduler for the presentation that is located .at the object layer is divided 

. . . . . .  in@ . t y .  P:@$: .Th? qipp$&im; sch6dblei aud ~h¿,;runtim& schululer: The'compilefihe sclr~dulct' . 
_?, . . . . . . .  . . .  

&nsk&:a main schedule which dntrols  the. parts of a document that are predictable and ~uxiliary . 
.sqh@üls; 'thai cotitrol the Parts of  the documents' thit de@nd o n  unpredictable evcnts. It is.an example 
for off-lifie-iclkdule computatioh at the o b j k t  layer. 
The algorithm contains three parts: 

In the obtaining durafwns und cosfs step the duration and costs for each media item are obtained. To 
. do this, the.media and . . . . . . .  document-level specifications,foc h media ,item.arc u.ni'fied"and' time-altcring.- 

' 

. . operatiöiii are in&rf>oratcd . . in'ihe cbkputaiion of the durations. 
. . 

In üiefuuiingconnect~d componenfs step, a union-find alg&ithm is used to find conncctcd park of a 

. . 
document. l k o  wen& are in the same connected componeni,. if . . . . . . . . .  they are rclated by.a predictiihlc , 

. . . . . . . . . .  :'.dur;ition or.ate&pof$L&nstriint. '~h"&ted  &m'@jri&& ar& &lled predicmGe, if ;hir& are no 
unpredictable events that trigger events of the componcnt. Otherwise thcy are called unprcdictable. 
The msigning fimes ioevenfs sicp computes for each cvcnt in a conncctcd componcnt the timc k>r 
that cvent with rcspcct 10 thc start time of the componcnt. It uscs a simplcx algorithm with thc dur;i- 
tions and temporal constraints as  constrainb for the algorithm and thc minimization of thc costs as 
it5 objcctive function. 

In thc crrafing commands sfep, thc prcvious results arc uscd tu crcatc thc comm:inds kor thc cxccu- 
tion. A command includcs a time whcn it has to bc cxccutcd, thc mcdia ilcm to proccss, an associ- 
atcd event, the list of unprcdictablc evcnts to bc activatcd or dcactivatcd and thc operations to bc 
executed. All commands of the prcdictahle componcnts arc intcgratcd in thc main schcdulc. For 
cach unpredichhle component, a scparatc auxiliary schcdulc is constructcd. To improvc pcrfor- 
mancc for a continuous mcdia objcct with unit.. with fixcd durations, only thc start of thc complctc 
mcdia ohjcct and cvcnts that refcr to othcr mcdia ohjccts arc u~nsidcrcd, not cvcry singlc cvcnt 
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.: . . 4 within the media itcm. I1 is assumed that this stream like presenblion scheduling is done separatcly. .... . . .  s mnlime scheduleris aa.ex4mplc foron-tiocscheciule oo~putatioh.rit . lh~ obj& hY~rand '&ntml i '  . . . . . .  

the d i u ~ e n t ' c f o c k ,  ' the execution . i h e d u l e  and liandles' the unpredictable evcnls. After thc 
~ m p i l e t i m e  scheduler has produced ihe schedules the runtime scheduler copies the main schedule into . 
thc execution schcdule and Starts the document clock. If the docurnent clock reaches a time with an 
associated command, it initiates the cornmand. If an activated unpredictable event occurs that iriggers 
an unpredictable component, the runtime scheduler merges the corresponding schedule into the 
execution scheduletaking the aclual dqcurnent time ?s s.lart..time,@r. the..first qmrnand.i' the schedule..:'. C'..:- : :: ::. : . . . . . .  . . . . .  . . . . . .  . . . . .  . , . .  . . .  
to merg;.'~ecau&. utipredictable bmpokents may be triggered several times, the iuiitime :khedu'l&r 
marks the instances in the execution schedulc.to be ablc to distinguish the commands for the different . ' . . 

. . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . .  . . . .  instances.?.f an unp@i.ctable,sch~ule. .;. .: : . . . . . . . .  . . . . .  . . . . . . ,  . .  . . . .  . . . . 

Summary 
The Firelly system provides a complete synchronization support. At the specification layer an editor is 
provided. The temporal relations based on the reference point and interval-bas.4 specification mcthods 
are used at the objeci layer interface. The Scheduler provides on-line and on-line compulation bf 
presenlation schcdulcs at the objcct layer. The schedule of streams is only initiated at the object layer, 
thc execution is locatcd at the siream layer. Figure 49 shows the relation to the synchranization 
refercnce modcl. 
The system providcs a wcll organized scheduling planing and intcgration of unpredictable durations. 
Currenily, the systcm docs not considcr media preparation durations, presentation restrictions by 
insulficieni or missing loc;il resources, and delays introduced by networks.- 

. . . . . - . . .  . . . - . . ... . . 
. . . .  . . . . .- . . .  . . . . . . . .  . . . . . 

I . . .  I 

Specification layer I Graphical Editor fo r  
Temporal Relations I 

. . . .  0bje.ct  layer . . 

Stream layer interface 

,Stream layer 

Media  layer interface 

Compiletime Scheduler ' 
.Runtime Scheduler - - . -. 

Media layer . . .  
. . . .  . . . . . . . . . .  . .  , . . .  . . :  :. .: . .  .- . . . . . . .  .: . . . . . . . . . :  . . . : '. . . .  1 .  

. . .  
~ : .  

. . 

. . . .  

Figur-e 49: Classi/cufion o j  rhe FiwJly System According 
lo fhe Synchroniza fion Rcjer-cnce Model 

6.4 MODE 
Thc MODE (Multitncdia Ohjccts in a Distributcd Environment) systcm [69] dcvclopcd at thc 
Univcrsity of Karlsruhc is a comprehcnsivc approach to nctwork transparent synchroni-mlion 
spccification and schcduling in hctcrc~gcna~us distributd Systems. Thc hcart ol MODE is n distributcd 
multimcdia prescnhlion scrvicc wliich sharcs a customized multitndia objcct modcl, synchronimtion 
spccili~itions, and QoS rcquircmcnLs with a givcn application, ;ind which sharcs knowlcdgc about 
nctworks and worksiations with a givcn runtimc cnvironmcnt. Thc distributcd scrvicc uscs aII this 
inhrmation kor synchronii~tion schcduling whcn tlic prcscntaiion of a compound multimcdia ohjcct is 



kequested from the application. Thereby, it adapts the QoS of the prescntation to the availiihle rcsourccs, 
kking into account a ~ s t  model and the QoS requiremcnts given by the application. . . . . . .  . . . .  
I ,. . .  . . . . . .  : . . : .  ! . . .  . ... . . . . . .  . . . . . .  . . . , .. . . .. , : ' P C M O D E  systetq c o w i n i i h c  foltowing synch&nizatioh.felatql m & @ ~ h t s  ' .  .-:- . . 

The Synclzronizafion Editor af the specification layer, uscd to crcate ~ynchroni7~1tion and Inyoui 
i, speci fications Tor multimedia presentations. 

The MODE Server Manager at the object layer, which coordinates the execution of thc prcsentation 
service -11s. This includes thc coordination of the creation of units of prescntation (pracntation 
objccts) out of basic units of information (information ohjects) and the transport of thc objects in a 

. distributed environment. 
The Local Synchrunker, which receives locally the prcsentation ohjccts and initiates their local pre- 

. . .  . . . . . . . . . . . . . . . . . . . .  sentation a w r d i n g  . . . . . . .  to a synchroniz~llion spe+c.tion. . . . . . . .  . . .  . . . . .  .. 

The opli;nizer, that is part of the MODE Server Manager and performs the planing of the distrihutcd 
synchronization and chooscs 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 uscd 
(151. This model is extended to cover handling of time intervals, of object.. of unpredictable duration 
and of conditions which may be raised by the underlying distributed heterogeneous environment. 
A synchronization specification created with thc Synchronization Editor and used hy the Synchronizer 
is stored in textual form. The syntax of this specification is defined in the context-free grammar of the 
Synchronization Descriptwn Langwge, This way, ,a.. sy nchroniqtion :.speci.ficatih. can. be :used by. . . . . .  . . . . . . .  . . . .  ., . . . . .  . - . . . . . . . . . . . .  .: .. . . . . .  ... .. ...... ' ~ ~ ~ ~ c j p ~ ~ n o n t s ,  . ili#;ependen<0i.iheifi&p~~m~~hi10~~~1ag'ua~kand~.~~i~n&.rit: . . .  . . . . . . .  . ,  : .  .;.:.;. . ;:>:'.: . :. ,.. . . 

. . . . .  ' . ' .  
. . . . .  . . 

MODE distinguishes.es.between &narnic basic &jeck arid stalic bhsic bbjGis. A pr&sentation of 'a 
dynamic basic object is composed of a sequence of presentation objects. This 'corr~s~onds to a strmrn 
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 wellas an interactive objcct, has orily two . 

. . . . referenqe points, . thc.begin~ng .arid ,lhe end-of the preseitationr.The .desciip'fi;ori,tif 'a- refeience point . '.' . - '" ' ' ' . '  

. . . together..with the corresponding basic object is called . . a synchronizafion elemenr, denoted in the form , . ' ,, 
- .  . .  

'. ~as i c~b j ec r~e fek i ce~o i& .  ''%W ,&r. more . .sy.tichroniza.tbn:, elomtkis-.. . . . .  :C;Cn . . . .  bC . cqmbin&d: . . . . . .  into $: " :' ' ': .. :, : .. :;. . , ' .  . : . . - .  .,.<. . . . . . . . .  . . .  spn2h'~nizarwn poiht. . 'h ' entire 'interGbject . synchronization is defined'. bp tlic list of. all . . 

synchronization points. 
A presentation quality can be specified for each basic objecL It is described by a set of attributes 
comprising an attribute name, a preferred value, a value domain that describes all pssible valucs for 
this attribute. 

Local Synchronizer 
The Local Synchronizer performs synchronized prcseniations acwrding to thc synchroni7ation modcl 
introduced above. This comprises both intra-object and inter-objcct synchroni7ation. For cach intra- 
object synchronization, a presentation thread is creatcd which manages the prescntation of  a dynamic 
basic object. Threads with different priorities may bc uscd to implcmcnt prioritics of basic ohjcci... . All 
prcscntntions of static basic objccts arc managcd by a single thread. 
Synchroni7ation is pcrformcd by a signalling mcchanism. Each prcscntation thrcad rcaching :I 

synchroni7ation point scnds a corresponding sign:il to aII ollicr prcscntation thrcads involvcd in tlic 
synchroni7~tion point. Having rcccivcd such a signal, othcr prcscntntion thrciids may pcrforrii 
accclcration actions, if ncccssary. Aftcr thc dispatch of all signals, thc prcscntation thrcnd w;iits unt i l  i t  
rcceivcs signals from all thc othcr piirticipating thrcads of thc synchronimtion point; mciinwhilc, i t  m;iy 
pcrform a waiting action. 



(Planing and Execution of the Distributed Presentation . . . . . . . .  . .  . . . .  . . . . . . . .  . . .. . . . . . . . . . .  ,.:..,; :. 
. . .  . '... :/E3kfoie .&iuting iit~.. pr&&(a€ioti, n i ~ ' ~ ~ t i ~ i i e r .  i f ' i ivokd: . ?he  b p t k i z < r  uws a heuiistic '~Garch 

..algoriihm taking the special c0nditions of a distributed environment like rnultiple steps of the 
" i,synchronization in a distributed environment, multiple communication patterns, buffering requirements 
'and merging into a m u n l  It uscs information about the network, like the available bandwidth, scrvice 
qualities and available resources at the workstation as  well as infonnation about the proccssing 
dernands for media objects. This infomation is provided to the Optimizer by environment and 

. . .  
. . . . . . . . .  . . . . . . . . . . . . . . . . .  application media descriptions. [l2]. _ . . . . .  . . :..... . . .  . . . . . . .  

. . .  . . .  . . . . 

The plariing resbli determines the achievable quality value for each presentation attribute acuxding to 
both User demands and nelwork and worksiation. resources. The result of the planing . . . . .  process is thei . . . . . . . . . . . . .  

. MODE Fiow Graph f M ]  that desciibcs" wbich bp'efa.ti0ns At which time on which node have .to be 
executed. The partitioned Flow Graph is delivcred to the involved nodes and executcd at runtime by the 
distributed MODE Server Manager. 

Exceptions Caused by the Distributed Environment 
The temporal correct exccuiion of the plan dcpends on the underlying environment, that means if the 
workstations and network provide temporal guarantees for the execution of the operations. Therefore 
MODE provides sevcral guarantee levels. If the underlying distributed environment can not give full 
guaranlees, MODE considcrs the possible error conditions. Three types of actions are used to define a 
behavior in the case oC cxception conditions which may he raised during a distributed synchronized 
prcseniation: A waiting acfion can be carried out if a presentation of a dynamic basic object has reached 
a synchronization poi't apb waits longer than a spwified, time at .this.:syhchron&tio" poiiit. possiblc: , , ' . . . . . . . .  . . . . .  . .  . ....;.. ~aitin.g..~cti"s ,cornpijse;:.frir bxaApiej . . ,+atiiuing... presqitiiion:'. ?C -ihc "last.. presenbtiu$. oüject. : . . 

. ' . :'.. ... (%r.eezifi$ of a 'video, &.), piusing, br cancillaticii.cjf the syn~hiinizati in point. Whgn a Presentation 
. . .  of a.dynarnic'basic object has reachcda synchrohi&ition point and waits for other objects to rcach this 

point, acculerati+ acfions represent an alternative t0 waiting actioris. They move the delayed dynamic 
basic objects to this synchronization point in d@ time. Possible actions include temporarily increasing . . . .  . . ' l he  prese'iaw ipeed &.?kip$ng al!:ohjec@,in the.$ies'e&tiosG lu ~ h e s ~ n c h i o n i ~ t i ~ m ~ ~ o i i t ~  When.'. .' . - ' .  :.. . 

. . . . . . . . . . . . . .  ;; . . . . . . : . . . .  
a preseniation objeci doesnot arrive in time, it is possible to skip'the . objectand . to present the next o n e  . ' . 

' 

. , Priorities..may be. used Eqr baiic 6bjec.t~ k'  reflect their &nsitivily.to delays in their.preseniation. For . ,  . . - . . .  
example, 'aiidio objects will itsually' be &signed higher priorities than video objects because a User 
recognize. jitter in an audio stream earlier thari jitter in a video stream. Presentations with higher 
priorities are preferred over objects with lower priorities in both presentation and synchronization. 

. . 
. .: L . ' .  : . . 

. . .  Summary .. 

MODE is a complete synchronization System. especially- designed b Support synchioyization.:.in a 
distributed environment. MODE provides asynchronization TwI at the specification layer. The output 
of  the tool is used asreference point-bascd intcrfacc formal between the specification'and thcobjecf . . . . . .  . . .  .:. .: . . .. 

. . - . layei. nie.~ptiiiiiei.ikp.itz of theiolij&tiayer'aid peiiiiiiS'ai'df'-iine Cortip"tation of the presentation 
schedule before the start o i  the prcsentation. The MODE Server Manager and thc Synchronizer are also 



\part of the object layer. The threads generated by thcm for thc handling of dynamic mcdin oi~jccis arc 
gart of the stream layer. Figure 50 shows the relation to thc synchronization rcfercnce model. 

I Specification layer Synclironization Editor I 
. . . .  . . . . . . . .  i. MO-DE: .Optimizer. . . . . . . . .  . . . .  . . 

~ b j e c t  liyer i Server Loca l 
i Manager 

Stream layer interface .. i ..........-.-..................................................... 
. . . . . . . . . . .  . . . . . . . . . .  

Presentation 
Stream layer Threads 

I Media layer interface j ........................................................................................................ 
Media Classes 1 

Media layer . . I --- ---- --- 

Figure 50: Classificarion of the MODE System According 10 llie Synclirwnizalion Refeirnce Model 

At the ~ n i v e n i t i  of Ottawa; the ~u l t imid ia '~ommunica t id  Research Laboratory (MCRLab) of Prof. 
Nicolas D. . , .  Georganas h;is,,developed a multimedia synchronization System known as rnultimedia .tele- 
orchestra. This sysiem &mprises a sophisticated specification schema, the 7Eme Flow Graph (TFG) 

,' [71], and an implementation of th i s  synchronirnion in.a disiribuied ....,. . . . . . . . . . . . . . . . . . . . .  cnvironmcnf ,113].'In,.coritrast . . . . . . . .  _ .  . .  . . - .  .i<), , . : 
.' . .. ... . ~any~dther~~pecifi&t~h~heth~& th'k TFG hkeS id6'$a&unt that temporal' knowledge may ciften be 

. . . . . . .  . . relative, i.e. it can.not be described-by exact time paktmeters; The authots call this A'$&y knario.1n 
.. addition, ihe duration ~f.presentation.partsmay be irnprecise.and not h o w n  in advance. Hence, neither : 

.the exact occu&ing t ike  points nor'the duration arc required to specify synchronijration. 
The notion of intervals scrves as basis for the TFG. In [71] it is shown that all temporal relationships 
between intervals a n  be represented with TFGs. This leads to a partial sequentiel ordering which ,is . . . .  

. . used .by. . the .'actual pr&-ing, . .of . synchoniziti@ri . ai .pr.esenlati9n. !ime ... ,With, 'respect : to :our 
. . 

synchroii&+tion derknce  rnodel, &.TFG isan in&al-bascdmethod locakd at the.specification.layer . . 
. . . . . . 

. and also covers the ihterfaci between this iayer and the object laycr, sei Figure 51. 
Based on the TFG, a distributed multimedia sy.nchronization .schema was devcloped.and, becape, known . ._ . . . .  

. . . - . . . . .  . i s  the ~~n=hhrohiuilion. ~~nhb'~le~'for:~iilt~rn~(ii~ ~ihmuni~aii6i'(sc~c)'~[i3 ]. As- jr kcy fe&uie, it 
takes into account that data may be originated by different sourccs locatcd at different places. SCMC is 
targcted 10 run over ATM nctworks Howcver; the- saine'algorithms can bc used 10 6peratc on b p  iif 
olher multimedia capable network configurations likc Ethernct 10 Base-T, 100 Base-T and IsoEthcrnct. 
In thc Tcle-orchcstration approach, a second component, thc Temporal P~vsentation Controller (TPC), 
is in chargc to calculatc a schcdulc with thc carlicst pssihlc timc to prcscnt ohjccts at a rcmotc 
compuicr. Thc rcsult of thc TPC, i.c. thc rcspcctivc schcdulc, is subscqucntly passcd to thc SCMC 
which will actually control data proccssing to match thc ~ynchroni7~?tion spccification. In tcrms o l  thc 
synchroni7ation rcfcrcnce modcl, thc SCMC makcs usc of individual LDUs. It docs not rcly on a 
s t rcm.  Thc SCMC providcs to its uscr thc capahility to providc synchroni7ation bctwccn individual 
data strcams. Hcncc thc SCMC is locatcd at thc mcdin Iaycr as wcll as thc strcam Iaycr. Thc TPC m:ips 
timc constrninls dcfincd by thc TFG onto SCMC primitive$. Thc TPC calculatcs Icxal schcdulcs, 



whereas the SCMC unifies all local schedules (o an aclual implemeniation of the demanded 
I . . . . . . . .  . . . .  . 

. . , .: .s~qchronizatiOyi. H e p ,  the TPC is located in th15 o b j ~ t  layer a k r d i n g  U> Figure. S:!: .' 
. , 

Specification layer 

. Object , . layer . . .:. interface . . . . . . .  . . . . : .  . .  . . .  . . ,  - . . 
. . 

Object layer 

S t r e a m  layei'interfäce' 

I Stream layer 

I 'Media layer interface 

Media layer 

. . . . .  Time Flow Graph :., . . .  . . .: I Temporal Presentation Controller I 
Synchronization Controller for 

Multimedia Communication 

Figrtre 51: Classifica fion of flre Tele-orchestra System According 
: .fo fhe ~~nchr.on~afion~~r/;?reii~e Model 

. . . .  . . .  
Summary 

. . . . .  Teleurchestra.nicely Covers aspects of all layers oS our synchronization reference .modcl. Distribution 
is known ind  handlcd At thespecificaiion and streamlayers. In [72] performance analysis results of !bis 

. . . . . . . . . . .  . . .  synchroniqtion schema are presented. : . . . . . . .  . . . . . . .  . . : 
. . . . . . . .  . ........ .. . . . . . . . . . . . .  . . . . .  ' >  ........;... ...; . . . .  : ..; ..:., . .  < . . . . . . . . . .  . . . . . . . . . . . . . . .  - .  :... . . ~ . . . . . . ~ . . . . . . . . . . . . . . . . . . . .  . . . .  . <. . : < : . . . .  

. . 
. .  - ,  

;.,-,, ; ...:., 
. . . . .  

. . . . .  . . . . . . . . .  .: . . . . .  .: 
. . . . 6.6 Little's Framework. . . . . . . . .  . .  . . 

. . 
The main.objective of .  this f r~mework,  currently integrated at the Univknity of Boston 1141 to a ' . 

. . 
multimedia information System, is to support the retrieval and delivery of multimedia data. This System 
comprises methods for synchronization specification, data represeniation, temporal access control and 
run-time intemedia synchronktion. Especially it provides mechanisms ,Lo overcome delays caused by 

. . . . .  . stor&e, '&rnmun'i?tion ,arid cornpuiations :on mediaLobjects. I1 gIso,provides rnechanisms for .. - - . . . . . . . . . .  
. . . . . .  . . .  . . .  . scalability and.gracefu1 dcigradatibn of multimedia~sewices: . . 

The specification of 1he synchronization is based on petri n e b  (271 and global tima-based . . 

. . ' .< . , . .  . . . , . . . , .  spwili9tions:that are.mapp.4 to t heTIB ( T e m p o r a l - i n t e ~ a l b a )  modelling'approach. The temporal. .,:. : 

. :  ., . . . 
"rcilalionk in t'his kbdel- ' i i i lÜdi ii slart timk'f6r'a"'data.el&men'i, ih&'dÜra'tibn oi ik pks&htion and'the 
end time for it. Relative positioning is defined by delays betwcen the start times of presentations. 

. . 
Based on this spccification, a static and dynarnic prbsentation schedulin~ is' computcd nt thc objcct 
laycr. As an examplc of a simple planing algorithm iman cnvironmenl wilh resource rcstriction, wc 
prcscnl the slatic playout schcdule comput;ition algorithm [73][62]. It iissumcs thiit the daki clcmcnts 
arc storcd in a rcmotc diiiiibi~se. Thc d;ita havc to be transportcd Lo the prcscnhtion workst;ition via a 
piickcl-switclicd nctwork wiih rcstrictcd ciipiicity. In ii first stcp, tlic synchroniziition spcciliciilion is 
uscd to coniputc tlic poini of iimc Tor itic siart of tlic prcscntation (pi) for cach diih unii. This is ciisily 
possil)lc using thc duration of tlic prcscntations (mi). Using thk stnrt poinls of Ihc prcscnhtions, i t  is 
ncccssary to cornputc tlic point of times io acccss thc d a h  units (qi) form ihc d;itahasc bccnusc thcy 
nccd a tinic (Ti) to bc transpcirtcd. 
Lct D,, bc thc constiint propiigiiiion dcliiy, D, ilie dclay proportion:il io thc piickci sizc (mcdium packet 
sizc / channcl capiicity) and D, thc v;irinl>lc load-dcpcndcnt dclay. Tlicn Ti is dciincd as Ti = Dp + D, + 
D, 



h e  following conditions have to be fulfilled: . 
. . .  7 pi >= s + Ti m e  data uni& have to be availablo in time) . . .  . . . . . . . . . . . .  . ...... . . . .  . . . . . .  . . . . ... . . . . . .  . . r' .:. . . . . . . . .  ..*... 

..: -:-.!. .%-I <=q; - Ti-l + DP'(D;~M <hbuld'b& a&&d Whei Previous sendinp of d;itii is  finishcd) 
. 

¿Zlie following algorithm isused to wmpute qi: 
q [ m ]  = p [ m ]  - T[m] / /  Star t  with t h e  l a s t  data u n i t .  

f o r  i = 0 t o  m-2 

i f  q [ m - i ]  < p[m-i-1]  - D p / /  C o l l i s i o n  . . .  
. . . . .  : . .  . . . . .  . . . . . . . .  . . . . . . . .  

. .:.. 
. . . .  / .  ': 

- . .  
. . . . . . . . ' 

q [ m - i - i ]  = q r k - l ~  - ' T [ k - i - 1 1  + D; / /  ~ e s o i v e  c o i i ' i s i o n  

else 

end 

end 

As the static scheduling does not consider dynamic changes in the cnvironment, as well as commands 
from the User that alter, for example, the presentation speed, dynamic scheduling is introduced. The 
dynamic scheduling approach is called limited a prwri (LAP) scheduling. It performs the scheduling 
and reservation of rcsources only for a short pcriod of time. The multimedia prcscntation is splitled into 
cornponents of similar resourcc usage. For these cornponents lhe schcdules are wmputcd and statistical 
resource reservation is uscd. Subsequently, the session scheduler executcs thc prcscntation of thc 
componcnts. In the case of User initiated presentation manipulalion opcrations or of load changes the 

. . .  . . . . . . . .  schedules a. recalculalcd. . . . . .  . . .  . . . . . .  . . .  . . . . . . .  . . . . .  . . . . . . . .  L : . . . . . . . .  . . . . . . . . . .  f . . . . . . . .  . . .  . . 
' *  . . , . . .  . . i .. ~i supp&t ~i i ' i i i t f l~ i+& ijriih&iz$tion, s~ew~&~ttdih~chbn.i~iii'~..~re so+por~d. ihqt  ~ e e  b;asid o n  . :. . .  . . . . .  . . . .  . . . . .  . . . . . .  d,apping snd duplicating da& uiiits, ih tlii'cese that aqueu'e repre&niing the st~&&&&essing resches 

low or high threshold vilucs. 
The petri net and timcline specifications in the specification layer are mapped to a TIB specification as . . 

. object layer interiace formal that is a type of inteival-based synchroni74tion. The off-line andon-line. 
' , . . .  ... . - . . . .  . . . . . . . . . . . . .  

. ............ . sched4ing. i~  1ocated.at the ob)ect. 1layer;- Additimal Skew Control ' i~ . '~rbvided at 'lh& ktf&'iii' 1;iy8r: 



9 * 
j. 

. . 

Summary . . ..-. .., . . . .  . . . . .  . . 
. . . .  fhe framtwmk o e i r w n t s  ir. vvellkIefin~:ap&i~h cornbining thC-.b&~erhl layir?. . l i s  conccption -is .. 

' 

Eoncentrated"to the reirieval of hult imidii  objccis bn one servcr and considers only a reduccd sct o l  
4 
idistribution rclevant paranietcrs. 
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......................................................................................... 
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Figure 51:.~la~sificalion bf Liftle 's ~rarnewhrk ~ccor-ding io the Synchianization ~ e j e r i n c e  Model 

6.7 Acme 
. .  Acme (Abslradions for-contin~u)Us media) [rlj is'-an I10 Server for:cotjtinuy~s &ta . . .  sUe;i= . . . . . . . .  i<the st&ah .... .: . !,., . . . . . . . . . . . .  .: r . . . . . . . . . . . . .  < . . . . . . . . .  - Iayei:.,lde skniefcomfo1s.a sd i>f'p%$si&l'd&"i~e~.'~s&rs cad define io&ai devices as iibsiraetions 

. . from the physical devices, A stream path is .build .up by..connecting input' anq ouiput devices: The  ' '  ' 

. . 
connection may be a real'.nktworkr&nnectiori. The.stream. consisk of LDUs with-an assigned.Gme . . . . . . . .  

siamp. 

A Logical Time System (LTS) synchronizes the I10 of logical devices. A LTS owns a clock that can be 
bound to the dcvice which is most scnsitive against ,delays. or it may be.driven by ,a specified 
connecli6n. Each'LDU will bk pry%sed' by.:i I»gi&l device, if ~he.lime.starnp'inatches the LTS clock. - . :. . . 

. . .  

A hlockingcauscd by a u>nncction may occur. In this case rhe connoction's input devic&ishl6cked ahd 
has b bulfcr more and more uniis. The output device is starving, becausc it does not get e'nough LDUs. 
The blocking is resolved by skipping LDUs .... 1 .... _ .  or-by,pausing,the,.IJS ....... in,;the,~.&.that.,a max,skew.~alue  . . . . . .  ... 

. . .  
h a i  beeh' i&cl&d bhwkeii" time i t impi  bf 'uniis änd the LTS ~ l c k k .  T h e ~ m  is restarted, if the time 
skimps of thc logical daci are close to the paused LTS clock and an additionaf amount of daia for lhc 
shrt-up phasc of ihc rcsynchrc)nization was rcccivcd. 

Acmc offcrs a prc)griimming intcrfacc and providcs suppori for mcdia stredms at thc strcam I;iycr only. 

6.8 Fur t l i e r  Synclironi-mtion Kelated Systeins 
'i'od:iy :iv:iil:i\>lc riiuliiiticclia cxicnsions for opcr;iiing systcins, likc Applc QuickTimc 1591, Microsoft 
Multimcdi;~ Extensions 1741, ancl IBM Multimcdia Prcscni;ition ,Maniigcr/2 [ l O J ,  contiiin 
synclironiaiiion iiiccb;inisms applicd ai ihc sircain laycr in thc local domain. First nciworkcd systcnis 
likc thc IBM Ullirncdia Scrvcr covcr xmic synchronimtion issucs in a distributcd cnvironmcnl.' 
Thc Orchcstriiiion Scrvicc 18) providcs a strciim-oricntcd intcri;icc li)r synchronizcd pliiyoul o i  
continuous incdir in H distrihutcd cnvironincni. Nicolai 1751, Littlc (761, E w b a r  (771, Shcphcrd 1781, 
Riiniiiniitlian 1451 arid Andcrson (;is dcscrihcd in Scciion 6.7) havc proposcd tcchniqucs to conlrol jillcr 
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famong media streams in rhe slream layer. An evaluation and classiliaition of thesc techniqucs is givcn 
'in [41]. 
.btefani, Harz& nnd Horn 1791 h a y  p r ~ p s c d .  to psc at the.obj&t. laier  1h.c' synchrunpui' languagc. ' ... . . . .. 

kSlXREL for the .prograrnrning of rnultinicdia synchronization.'Thc languigc and i?. runtirnc 
Genvironment provide support for fast processing of cvents. 
: 
;!At the University of Geneva [Stil, an objcct-c~riented system with a global timcr-based synchronization 
specification has been developed. At runtime, a global timer is availablc to all ohjecis. Each objcct 
maps this time to iis own local time that it uses for its intra-ohject synchronimtion. If the skew of thc 

. . local time and the worldtirne of the global timer exces5es.a maximal-value, a~ rcsynchn~n iza t i~n  with . . . . 
. .  . .  ., . . .  .. .. , 

,. . . 
< _ ,  .. . . . .  , . . .  . :  . , - ' .  ' . . ::. . . 

. .. - .: fie world time &,poiforhcd. ' ' . ... .' ' ' . ' ' .. ' ' ' :. . . . . .  . . P .. . . . 

Bulterman's framework 1801 handles the problems of sharing network resources, synchronizing data 

:.. : .- . . .. coming: ,ftpm multiple : .m.ures ,a.nd. ,representation 0.f ,dat;i On., hetcrogenous - hosis in a .  distributed --.  . . . .  . .  : 

enviroiment. T h e  componcnts of the framework can managc the rcsourccs of the distrihutcd 
environment for all active applications. The necessary information is provided by a specification o f  thc 
application's resource and synchronization demands. 
The Tactus system [81j includes a..skrver for the synchronizationof media 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 m p u t e d  in advance to avoid delays a t  runtime. An introduced 
cut opcration allows for low-latency rcaction to User interactions by selecting between prccomputcd 
schedules. 
Thc use of traditional event-bascd user interface servers can be the reason for synchroni~~t ion  f a~ 'I urcs 
caused by the delay between calling the server to do  a presentation and the prcsentation hy the server. 
Especially the time.rclations of demanded.prcscntati~ns get lost. A proposiilto handle this prohlcm is to  :. 

,. . . ' extcbt the ivjridoy Server. to delay the exeouiion.of.a presentation untit a clienf-definned event mcurs:..' .: . . . . . , 
- ' This al1o-k tQ reintrodue the time relations between presentations in the Server. 

HyperODA [64] is a shndardization activity to deiine a multimedia documcnt exchange lormat. It is an 
'extension of  the Open Document Architecture (ODA) [82]. The  exten.sion of ODA to a Multimedia and 
Hypermedia Document Architecture requires new p n t e n t  archit.ures, e .g  .for audio and vidm;.an.d - .  .. . . 

.. . . 
. . .. . . . . ..: .,. the.,d&itianIaf a- model for :the'~layout' in .tim&nd:the iritegratiifi .with'the.ta)i&€.in.~pac&~'~ntt;f&bje~t . : ': 

'.' .' 

. . , synch.wniption iS ,included.in the content architectires for  examp1e.h theaudio-content architecturc. .. . .  . . . .. 
- . . .  . . . .  

~~t&robj&t~~nchro~i'zatio<isin &ototypes tealized b y  ev&t-based sy&hwnimtion. HyperOda is still . , . 
. . 

in d i ~ e l 6 ~ m 6 n t .  

6.9 Comment 
. . . .. .. . A large nurnbn oI,synch'ronization supporting '3yiWw häve bte" dev,cloped- ~ h m e r c i a l  availahle .: . .. ..: ;. 

. . synch~n'iz.tion~8uppoit is m$nly restricted to the support of streams in local systcms.  a an^ -rcsearch . . . . , . 
. . 

:efforts sie directed tokards suppo&of distributed environments, the development of presentation 
scheduling strategics and, the  integration of User interaction. The -analysis of the existing systems has . . 

. . . . .  . . . .  
.:. :. :. .. . confimcd.;that ,thC ~~nchronizat iori  'refetencC9 m6d;el mhtcIies:lhe ' s1nict"rliig .needs .6f mültimedia. ' 

. 

synchronization systems. 
. . 

7 Summary and Outlook 

7.1 Summary 
In intcgratcd multimcdia systcms synchroni7;ition compriscs scvcral aspcct.. to hc ccrnsidcrcd. 
Unforlunately, the samc tcrm . i s  uscd hy many authors to dcnotc diffcrcnt i sycs .  In this chantcr 
synchronization rclatcd tcrms havc hccn dcfincd and the Iaycrs of synchroniz;ition p r t~css ing  in  
multimcdia systems hsvc hccn classificd in a synchronization rcfcrcncc modcl. 
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h e a  of  Open streams in a heterogeneous environment has hccn done by thc Interactivc Multimcdia 
iation, an industry driven approach to Open multimcdia scrvices. Additional euorts are required . . 

. . . .  . . .  . . . - ............ . . . . . '! 
.. f r.@e devehpment-of o$en.bbjecf layei.+&ices: ' :. - .: . .. : .. .. . . . . . .  . . . . , .  

. . . .  "P". , . . . . . . 

' j.3 Conciusion . 
In Summary, we classified and comparcd the major approaches. Here wc focus on the dcmands, thc 
various specification methods and basic runtime Support concepts of thc rcgarded approachcs. Many 
more ideas, prototypcs and products have implemented some kind of synchroni7~tion. However, it is 

. . . . . . . . . . . . , . . .  still, a ..matter . . ,of , .  rcsearch . to find out-  which are, the most ,appropri.ate -approaches b.r  .pcrforrning. 
. . . . . .  - syn~hioniiation,esp&lly'in distributed environrnenti. 
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