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Managing synchronization and time
factors in multimedia presentation

H Saiedian and M Awad
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BACKGROUND

Multimedia data are a combination of heterogeneous Ly pes
of data such as text, twbles, images (digitalized images and
wmplex vector graphics), sound, voice, animation and
aden, Among these, only texi and images are by them-

, wlves fime-independent media, whereas sound, voice,

animatioa and video are all #me-dependent. By lime-
#ependent amd time-independent we mean whether or not
the “state’ of the daa presented depends on time. For
example, an image or a lext appearing on a display terminal
& considered ‘cxistentially’ complete as soon as it Appears
wa the terminal, while displaving a video clip or playving
somke volce 05 nol considered complete antil the recorded
Toice message or the clip reaches its end. Since veice data
imd video data interact in some way with time, and their
complete existence depends on the passing of time, and
furthermore, they vary with time, they are called fime-
warying data, while on the other hand, text and image data
Ere Sl arians.

In oeder for a document appearing on the screen or a
presentation using these diferent media data to be called &
multimedia document or @ multimedia presentation, two or
more of these media must be involved, Such involvement
wWill include some kind of interaction befween fhese
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different media data'. This interaction is the ‘soul’ of
multimedin applications in general. Interaction of this kind
is divided into two types’

(1) Sequential interaction.
(2) Ovwerlapped interaction,

The first type, as the name indicates, has a sequeniial
nature. An example of such an interaction conld be a
dizplay of some text describing a historical site, then as the
text display ends, & video clip showing that site is displayed.
Another example is showing an image of a person followed
by displaying his name next (o his image, then playing a
sample of his voice. This sequential interaction is simple
and stratghtforward, as the start of any action is activaled
by the end of another, or in other words, the end of an
action marks the beginning of another action. Building a
mwdel or an application for such an interaction is fairly
simple. As a conceptual model for such interaction you
need to define the concept of [action-starl] (or [action-
activation]) and another for [action-and] (or [action-
deactivation] ), and find a method o join such concepts
form a madel for a sequential document {or application)
presentation, Creating an  spplication o apply  such
Interaction is easy a5 most of the facilities used for creating
real applications are sequential in nature, Es

The second ivpe of inleraction, iL.e., overfapped fnfer-
acrion, is the one we are interested in. A few points have
to be mentioned about this interaction:

e Overlapped interaction includes time-dependent media,
but time-independent media might be included, The state
of time-independent data does nol change with lime, bui
overlapped presentation can be done, for example, by
displaying & text as soon as an imege appears. Further-
more, when time-independent data interact with time-
dependant data they might perform overlapped interaction.
For example, while a video clip is displayed on ihe
screen, specific ext showing names of persons or sites
appearing throughout the video presentation must be
displayed when those persons or siles appear. Such
‘simultaneous appearance’, or in other words ‘instan-
taneous display’, should be managed as multimedia appli-
cations depend thoroughly on such overlapped interaction.

e Overlapped imeraction depends by its entirety on the idea
of ‘synchronization™, which is the method used to
manage different aspects of media interaction. Synch-
ronization ensures that actions performed by a system
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are done i a logically correct order 3o that these actions
will result in the final job as intended™?,

& “Svnchronization' has something o do with time, In fact
we can sty thal svochronization in concepl means
managing the time factor in the time-related components
of an cvent. If we agree on this, then we will have some
kind of formal definition of the problem we are facing in
multimedia field, It is as follows: "How to synchronize
actions {or events) so that their final result will be the
intended result.” To be specific, we need o find a model
that if applied o a multimedia application will synch-
romize the overlapped interaction of ils components.

& When we say ‘synchronizing multimedia sctions’ we
mean the application (*software™) side of it and not the
hardware aspect, Although hardware synchronization is
essenial and no actual application synchromization is
done without it, this is a different area of research that
could be included either as part of the operating system
ficld or the parallel computer architecture field.

The rest of this paper is organized as follows: n the next
section we will include a description of the multimedia sysiem
architeciure, We will then introduce the presentation
scenario  convenbions, and the Global Synchronization
Manager ((G5M) log of special cvents in the third section.
In the fourth section we will explain how basic synchroni-
fation fasks are carricd out, and how user interaction is
handled. In the last section we conclude the paper with
some remarks about foture work.

A CONCEPTUAL MULTIMEDIA SYSTEM
ARCHITECTURE

In the traditional database systems in which only strectured
data are stored, vser manipulates the data stored in the
physical databases through a Database Management System
(DBEMS) that coordinates user’s interactions with the
database, This may include producing either a response to
the user’s query, or blocking evaluation of the request
because of locks being izsued on the database resources,
Motice that no synchronization actions are needed when
feedback responses are performed simply because data are
in no need of time synchronization. A typical datsbase
manggement system environment 15 shown in Figure 1,
For multimedia database systems, we propose a system

Lhser

Figure 1. A concepual database system model
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architecture that takes timing synchronization into COf |
sideration, and allows better communications betwes,
the user, the Multimedia Database Management System
(MMDBMS) and the different media databases, Usiers
interact with the MMDBMS by sending requests that pass
through the Multimedia User Interface {(MMUT) which
in turn transforms it to a form understandable by (i,
MMDBMS. User requests are communicated directly 1
the MMUI either by clicking on an icon appearing in g
multimedia application, or requesting execution of an
already designed multimedia application that involves
different media. MMUI transforms such s request ingn
i message containing all necessary information to ghe
MMDBEMS. We will designate a part of the MMDBMS g
Cilobal Synchronization Manager (GSM). The GSM receivae
the message, analyses its contents, divides it into differem
categories, and sends the results of this analysis to Medig
Specific Synchronizers (MSS) asccording to the different
categories. For example, information concerning  the
video part of the presentation is sent 1o the video dat
synchronizer,

Messages sent 10 each MSS are analysed and the exac
information requested is determined. Each MSS is con-
sidered a communication interface that, as shown in Figure
2, deals in one direction with the GSM, and in the other
direction with the specific media database, Nodes appearing
at the lower end of Figure 2 showing Media, ..., Medis,
may include, besides the different databases, some media
specific devices, For example, voice synthesizers and voice
recognition devices are connected to voice databases, and
video-related devices and image recognition and interpreta-
tion devices are connected 1o video and image databases
respectively, These devices, along with the multimedia
database themselves, receive messages from the MSS
asking for particular (intrinsic) data. Feedback information
15 sent back o the M35 showing the availability of the data
and the locking status of the database (if any) and, mogl
importantly, information about the timing duration of the
data requested, MSS receives all such igformation, keeps |
the local part of it and sends global information necessary
for synchronization to the GSM which is the place where
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Figure 2. A conceprual multimedia synchronfzarion model
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J|| synchronization activities are managed. As a result, the
1sM governs actual passage of multimedia data to the user
seeording to the timing information received by each M55,
jnd according to user application needs transmitted through
jhe MIMUI by the user.

The four major aspects of this architecture that define the
grchronization actions are:

(1) The GSM and the MSS.

() The messages transmitted through the architecture.

{3) The way these messapes are interpreted when received.

i) A timing model that all parts of the architectute agree
P,

These parts are explained and justified throughout the
mper, but first we need to justily the need for two types of
synchronization sctivities. In multimedia database systems,
the user’s request passes through the MMDBMS that sends
i to the media involved, Before the user receives any
feodback, two types of timing synchronization have to be
done:

i1y Global synchronization,
i) Media specific synchronization.

| Global synchronization is needed to control feedback (o the

¢ yser and the overall multimedia presentation, The global

gnchronizer should determine the exact intended media
interaction involved in each specific presentation, Data flow
fo the user application is done according 0 the messages
weeived by the MMDBMS (via the GSM) from both
dicections. In other words, the GSM has to interpret the
messages received from the user, and also determines the
arder of multimedia daw fAow 1o the user according to the
messages recedved from the MSS.

In the overlapped media interaction the GSM has the
fallowing responsibilities:

i) Managing the presentation scenario: this resulis in the
acual feedback received by the uscr,

i) Determination of the media involved in the user's
request: this is done right after receiving the user’s
request. The GEM breaks the request into sub-requests.
Each individual sub-request has two parts:

(a) the medium involved, which is used as an address
to direct processing information to the appropriate
(M58},

{b) the processing information, which includes the
address of the actual data needed, and the specific
action 10 be performed on it whether to sfart,
pause, resume or stop the flow of these data.

Media Specific Synchronizers receive the messages from
the GSM and control the fAow of data according to the
contents of the messages.

According to our concepiual architecture, there is a
global timer that is initialized when the presentation staris,
ind runs until the end of the presentation. This global time
will be referred o as GT. It is managed and controlled by
the GSM, and is consistent with the actual presentation
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introduced to the user, which means that the global timer
will be initialized by the GSM when the presentation staris,
and runs throughout the presentation incrementally even
though overlapped interaction between different media parts
might be performed, or even if parts of the presentation will
pause for a period of time because of either the user
interaction or for the GSM to perform some synchroni-
zation action, From the user’s point of view, this is the only
time that exists, and he coordinates his interaction with the
presentation according to this global time. For cach MSS,
there is a local timer that is initinlized when that media part
of the presentation starts, This local time will be referred
to as LT. A MSS performs the following actions on the
local timer: (o) fmitialize; (b) Pause; and (c) Resume,
Initialization is done once when that part of the presentation
is activated, and runs until the GSM sends a message to that
specific MSS to stop his local timer temporarily which
could happen in two cases:

{13 If the user asks for that explicitly by clicking on some
icon o pause that part; or

{2) If the GSM needed that for global synchronization. An
example of this will be a case when the GSM finds out
that a uwser had asked for the video part of a presen-
tation to pause, while there is a voice message
associated with this video presentation. To avoid the
loss of synchronization between the video display aind
the voice the GSM has 1o stop the act of playing the
voice by sending a message 1o the Voice Synchroni-
zation Manager to stop his local time temporarly.

A Resume getion on the local timer will be performed if the
MSS received a message from the GSM to do so because
the previous case has been resolved.

PRESENTATION SCENARIO AND
GSM LOG

i

To describe the multimedia presentation in terms of indi-
vidual specific events and to show the sequence and the
time at which they overlap, we offer the following scenario
specifications which, we think, is adequate to fulfil the
timing synchronization requirements for the multimedia
presentation according to our proposed system archi-
feciure.

Two or more different media parts of the presentation
interact in & sequential or overlapped fashion will be
described as a part of the scenario according to one of the
following specifications:

{13 If the finish of presentation part P’ (e.g., video pact)
activates the beginning of part P (c.g.. audio part) ot
time 1, then we form a tuple (P, P, &) where:

@ Py the finish [ of presentation part i rendezvous
e M the start & of presentabion part §oat &,

An example: (F, 4, ).

(2} If part P* starts while part P/ is active a1 time £, we
form a wple (P, P, 1} where:
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® P2 the start 5 of presentation part (i) rendezvous
@ P the continuation o of presentaion parct § at .

An example: (V,, A, 3

(3} If part P finishes (ends) while part P/ is active al time
f. we form a tuple (P4, PL 1) where:

L F,‘l: the finish (f} of presentation part (i) rendezvous
g P the continuation of presentation pact (j) at /.

An example: (F, A, )

To madel & specific presentation scenario B we form a set
of mples delimited by P, and P, referring w0 presentation
start and presentation finizh, e.pg.,

= [Pt Wiatndi ddis Vs t0he < s Ay, Vesiys
'::?:... |"1.‘|. P:I': II;}- 1:"_;- -rﬁ}n- F_,I'J

refers to a presentation session (E) in which the video part
will st at ¢, While the video iz in display, audio pan
starts af time &, Text part will be activated at ime £, while
the sudio and video parts are still playing. Audio and video
parts will end at time £, Text part will stay until time 1,
when it ends, which ends the presentation session. The
GSM maintains a log of special events, These include:

(1} User siops the flow of some part of the presentation.
This is indicated in the log by [PAUSE, PART, GT],
where PART shows that part of the presentation, and
GT shows the exact global time when that even
happened, Example: [PAUSE, V, i].

(2} User resumes the flow of some paused part of the pres-
entation. This is indicated in the Log by [ RESUME,
PART, GT). where PART shows that part of the
presentation, and GT shows the exact global time when
that event happened. Example: [RESUME, ¥, 1,].

(3} A presentation part has ended before its intended fnish
time, This happens when the user decides to end a parl
of the presentation before its previously planned finish
time. This is indicated in the Log by [EARLY, PART,
GT]. Example: [EARLY, V, i.].

In addition to the log of special evenis, the GSM mainiains
a Relationship Matrix showing whether presentation part
P should run in coordination with part #, or if they are
separate. Clearly. if they relate 10 each other, any action on
one of them will affect the other. The matrix shows ‘r" if
they are related, and 's" if they are separate {i.e., unrelated).
See Figure 3,

BASIC SYNCHRONIZATION AND USER
INTERACTIONS

Our conceptual multimedia system architecture will be able
to handle the basic synchronization problems which define
the regular multimedia data Now and media interaction
synchrostization. Also, it will handle the user interaction
with the presentation, which includes:

(1) Pause a specific presentation part.

50
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Fignre 3. Relarionship matrix

{2} Resume that presentation part.
(3) Close a presentation part earlier than planned,

Before explaining how these operations are done, we need
to point out that according 10 our model:

& Synchronization depends on time, and time only.

® Synchronization points are defined by time coordinates.

® By lime, we mean a universal time convention, so if we
say that the video presentation part has been forwarded
for 3 seconds or that the audio part has been rewound for
3 seconds we mean 3 secomds according to the user
timing regardless of the nature of the medium involved,
This timing convention is carried out by cach MSS, The
MBS will make sure that 3 seconds in real time means so
and 5o in his medinm’s timing standards, and accordingly
work on his data, For example, Fast forveard @ seconds of
i video part means skip ¢ % o frames where n is nomber
of frames displayed per second. Again, all this infor-
mation is Kept, and carried out in nacm&ﬂm‘_‘. according o
his mwedium. :

Synchronization of the overall presentation is done using
the scenario information, the GT and the LTs as described
el

(1} The GSM creates a copy of the scenario 1w be used i
the current presentation. $o the word scenerio from
now on will refer to this copy.

(2} At the beginning of the presentation session the G5M
encounters the P, entry in the scenario, which is &
signal for him to initialize his GT 1o zero, and starl
global synchronization duties.

{3) I the time portion of an entry in the scenario rendezvos
with the GT, the GSM checks first with his log. IF the
tog s empty, or the presentation pans included in thal
entry do not relate o the ones in the log, the GSM
sends messages 1o the corresponding MSSs according
to the following:

{a) If the antry contains P!, the GSM sends o message
to the corresponding MSS showing the data needed

laformation and Software Technobogh



4 (), and asking him to initialize his LT 10 zero to

start the fow of dota.

{b) The GSM skips any P! in that cotry.

{c} If the entry contains P}, the GEM sends 4 message
to the corresponding MSS showing the part
indicated and asking him o stop the flow of data,

(@) A request fromn the user 1o pause part P! of the pres-
entation will ereate an entry in the log of the GSM
[PAUSE, P', r,] and will drive the GSM to check
the relationship matrix. The GSM will create entries
[PAUSE, P, 1] for all j where P' and P are
related, Then the GSM will send messages for all
corresponding MSSs to stop their LTs, and (o pause
the flow of data. The MMUI will be responsible for
showing the last image of any video part or animation
sequence, amd to quit any voice, or sound elfect, if
included.

(51 A request from the user to resume part P of the
presentation will create an entry in the log of the GSM
[RESUME, P', 1,1, and will force the GSM to do the
following:

{a) Search the log of special events for any [PAUSE,
F', 1,1 entry. If one is found the GSM will find
the time difference d, =5, - 1,.

it} Search the relationship matrix for the parts related
to P, and add entrics [PAUSE, P, ] for all
such paris.

(¢) Go through his copy of the scenario, and for each
entry whose time field is greater than or egual 10
f,, and has either P} or FJ{ for all P related o P',
adjust the time field in that entry by adding o, to it
{of course this includes P’ itself), The GSM then
sends a message 1o the MS55s involved o resume
the Aow of data.

o If an eniry in the scenario has its time field
adjusted, and one of its constituents was an un-
related part P then if this entry contained F;
the GSM will look for the eniry containing Py
and adjust i1s tme, and vice versa,

o If this part is already active, and its finish time
has been adjusted, the MMUI will make sure
that the last section of that presentation keeps
appearing o e user until the GT rendezvous
with its finish action time Geld.

(6] A reguest from the user to end parl P of the presen-
Latiost earlicr than its intended nish ttme will force the
GSM w0 create an entry in his log of special events
showing [EARLY, P, GT], then look mio the relas-
tionship matrix, and create a similar entry for each
related presentation part. Mext, the GSM will change
the time field for every entry in the scenario which has
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P! or P4 for all P related to P', and for which the
time field contents are greater than or equal o the GT,
it will change it to zero.

IT such an entry includes the stant or finish action of
an uncelaled part then a new entry in the scenario is
created which contains that unrelated part with the time
field included in the original entry.

CONCLUSIONS AND FUTURE WORK

We have proposed a conceptual multimedia system archi-
tecture, a presentation scenarie convention, and explained
how these part with coondination with the GSM log of
special events, and the relationship matrix will enforce
multimedia presentation synchronization. Actions in the
entries of the presentatbon seenario ave activated when a
rendezvous hetween GT managed by the GSM, and the
time feld in that entry is encountered. The user’s inter-
action activities are managed by controlling changes in the
time field of the entries containing refated actions.

The proposed architecture solves the synchronization
problem when the user needs 1o pause, resume or close a
part of the presentation. An extension of this architecture
will be to provide support for further complicated actions
like fast forward or rewind voice and video parts, and a
fuiure intended work plan will focos on letting the user
create his own multimedia presentation interactively, and
the ability of the user to add additional presentation parts
to an already designed one during the presentation. At
the end of this step, an ohject oriented framework will
be created according 1o an object-oriented view of the
ar¢hiteciure,
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