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Hypermedia systems are very important as platforms for the multimedia information net-
work service spaces in the future. In order to provide more flexible and sophisticated mul-
timedia presentations, it is desirable to simply and efficiently transmit various media data
from databases distributed over a network and present them on users’ stations depending
on a customized presentation scenario so as to semantically integrate them into multime-
dia information objects. In this paper, we introduce a new hypermedia system that utilizes
an object-oriented structure to perform two different temporal synchronization methods, lip
synchronization and scene synchronization. The lip synchronization method performs
fine-grained temporal synchronization between continuous media, such as audio and video. In
the scene synchronization, a coarse-grained temporal relationship between continuous media
and discrete media, such as image, graphics or text is maintained depending on the presen-
tation scenario. Furthermore, several media which are semantically related to each other are
unified into a Media Group (MG) to simplify their media treatment. The MGs and their
involved processing functions are encapsulated into a Media Object (MO) and are easily con-
trolled by a message passing procedure. In this paper, we describe in detail implementation
of a hypermedia model which performs scene synchronization functions between discrete and
continuous media in the MOs, and context switching functions between each media presen-
tation. Finally the Electric Museum as a prototype application of hypermedia systems is
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introduced to evaluate the suggested synchronization mechanism.

1. Introduction

In general, hypertext structures or systems
are very useful to organize integrated context-
based information because all information units
are directly connected to each other and users
can simply navigate over the linked informa-
tion space. So far, we have developed several
prototype systems for multimedia information
networks to establish common and unified sys-
tem architectures and verify their network pro-
tocol hierarchies, human interfaces, database
management systems, possible applications and
end-to-end performance!’~% for our suggested
platform. In these prototype systems, we intro-
duced a Dynamic Hypermedia System (DHS)
in which the links from the current reference
points to the suitable objects among the mul-
timedia database distributed over the network
are dynamically determined depending on the
user’s background, interests and preferences.
Eventually, we achieved a more flexible and
simpler user’s access.

However, in order to realize more realistic
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and general multimedia information systems,
a more sophisticated media structure for ob-
ject nodes in hypermedia which takes account
of several different degrees of temporal rela-
tions and context switching functions is re-
quired. In this case, multimedia structure
and hypermedia structure must be clearly
defined. According to previous papers®)®) hy-
pertext structure is organized by node and
links, whereas, multimedia structure is or-
ganized by a combination of both continuous
and discrete media. Furthermore, the hyper-
media structure is organized by an extended
hypertext structure model in which each node
has multimedia structure. However, the defini-
tion of multimedia structure in the paper):3) is
not sufficient because there is no clear defini-
tion of temporal synchronization between con-
tinuous media, such as audio and video, and
continuous media and discrete media, such as
image, graphics and text with presentation sce-
nario. Media transmission over a network de-
pending on presentation scenario while keeping
the temporal relation between them is also not
considered.

On the other hand, in another paper®,
although coarse-gained temporal relation de-
pending on presentation scenario is taken into
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consideration with scenario, more fine-grained
synchronization for hypermedia system is not
considered. Furthermore, since the links be-
tween the current reference points to the next
are fixed and cannot be easily changed once the
hypermedia system has been constructed. As
results, a hypermedia structure with fixed
link leads to a lack of flexible or effective user
navigation capabilities and a lack of expandable
database construction.

In order to overcome these problems, we in-
troduce a new network oriented DHS which is
based on object-oriented structure and takes
into consideration of different temporal syn-
chronization methods depending on intramedia
or intermedia data distributed over the net-
work. So far, we have developed several differ-
ent media synchronization methods and their
architectures for continuous media, such as
video and audio for Video-on-Demand (VOD)
application™®»1) We applied these tech-
niques for the hypermedia structure to perform
different temporal synchronization methods,
lip synchronization and scene synchro-
nization. The lip synchronization method
performs fine-grained temporal synchronization
between continuous media, such as audio and
video. On the other hand, in scene synchroniza-
tion, coarse-grained temporal relation between
continuous media and discrete media, such as
image, graphics or text is maintained depend-
ing on the presentation scenario.

Furthermore, several media which are seman-
tically related to each other are unified into
a Media Group (MG) to simplify its media
treatment. The MGs and involved processing
functions are encapsulated into a Media Object
(MO) and easily controlled by message passing.
In this paper, implementation of hypermedia
model which performs scene synchronization
function between discrete and continuous media
in the MOs depending on the scenario by mes-
sage passing, and context switching functions
between each media presentation are precisely
described. Finally the “Electric Museum” as a
prototype application of hypermedia systems is
introduced to evaluate the suggested synchro-
nization mechanism.

2. Dynamic Hypermedia System

Dynamic Hypermedia System (DHS) is a net-
work oriented platform for multimedia infor-
mation networks to provide multimedia infor-
mation space based on hypermedia structure.
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The system architecture of DHS is composed
of three components as shown in Fig. 1: Client
Agents, a Knowledge Agent and a number of
Multimedia databases. The Client Agents are
located on user stations to provide multime-
dia presentation capabilities for each user. The
Knowledge Agent manages links to informa-
tion units by dynamic linking method® and
generates multimedia objects. The multimedia
databases (MDB) manage multiple Media Ob-
Jjects, such as text, ilmages, video and audio data
as shown in Fig.2. Since more details of the
DHS are explained in!#)¥) we will not discuss
them in this paper.

3. Synchronization Model

We classify media synchronization into two
models; intramedia synchronization and inter-
media synchronization.

3.1 Intermedia synchronization

Two different intermedia synchronizations
are defined: lip synchronization and scene syn-
chronization. In scene synchronization, the
starting points of each media which mean the
beginnings of their presentation times are con-
trolled.  As an example shown in Fig. 3 (a),
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Fig. 3 [lllustration of scene synchronization.

when Medial and Media2 have a parallel re-
lationship to each other, then both are started
after t1 [sec| and t2 [sec| from the original time,
respectively. On the other hand, as shown in
Fig. 3 (b), when Medial and Media2 have a se-
rial relationship to each other, then the Medial
is started after ¢l [sec] from the original time,
and Media2 is started after t2[sec] from the
end of the Medial. In lip synchronization, a
tightly temporal relation between media data,
such as video and audio is maintained. This
lip synchronization can also be applied in the
case where synchronization between more than
three videos or audio is required. We will ex-
plain more details of lip synchronization in Sec-
tion 3.

3.2 Intramedia Synchronization

In order to present continuous media, al-
though their frame rates must be maintained at
constants, their actual frame rates may be in-
fluenced by the random load conditions of the
machines or network. In order to resolve this
problem, we introduced the following QoS con-
trol functions particularly for video presenta-
tion: time-priority control and content-priority
control. The time-priority control is applied in
the case where more precise time interval and
more accurate playback speed on a video pre-
sentation is required. If the frame rate is inci-
dentally decreased by the increase of network
traffic or machine loads, then the video frame
is periodically sub-sampled so as not to extend
the current video period and to maintain real-
time video presentation.

Content-priority control is applied for those
cases where significant content meaning is lost
when sub-sampling for video frame rate is used.
For example, when the video includes an impor-
tant event which instantaneously finishes, such
as a motion video with instantaneous hitting of
baseball game. If these video frames are sub-
sampled, the most important parts may be lost.
In this case, all of the video frames should be
presented as slow motion video even though the
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actual presentation time is expanded compared
to the real-time presentation.

Frame rate regulation control is applied for
continuous media to maintain constant frame
rate in video or the constant output rate in
audio as set by the QoS controller or appli-
cation. This rate regulation control is always
performed in both the time-priority and the
content-priority controls. Since an attainable
effective rate is existed for any load condition,
the system can always maintain the selected
frame rate constant.

4. Multimedia Media Integration

4.1 Media Group

In order to easily deal with more precise tem-
poral synchronization, a concept of media group
is introduced. For an example in the scenario
in Fig. 4, lip synchronizations between Audiol,
Videol and Imagel, and between Adio2 and
Video2 must be maintained. The pair of Au-
dio2 and Video2 also must be started after
t1 [sec] from the completion of a pair of Au-
diol and Videol. Furthermore, the Image2 also
must be displayed with Audio2 and Video2 af-
ter t2[sec| from the beginning of both Audio2
and Video2. If these media are independently
processed, then the synchronization control for
all of the six media has to be simultaneously
taken for scene synchronization. Lip synchro-
nization of Audiol and Videol, or Audio2 and
Video2 must be considered as the same level
as scene synchronization. Therefore the syn-
chronization of the whole presentation becomes
complicated and eventually accurate media syn-
chronization becomes very difficult. On the
other hand, if all of these media are controlled
only by lip synchronization, then the start times
for the media presentation must be individually
maintained. Eventually, it is need to redundant
lip synchronization control.

Whereas, by grouping a set of related me-
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dia into a media group, this media group can
be regarded as a single media. As the result,
we only need to consider at most three media
(Media Groupl-3) in synchronization sched-
ule (Fig.4) and lip synchronization need only
be made within the same media group (Media
Groupl and Media Group2). Thus, the num-
ber of the media to be synchronized can be re-
duced and scene synchronization control can be
simplified. It is possible to set up any synchro-
nization interval for lip synchronization to each
media object. Furthermore, if media objects
are implemented by light weight processes or
threads on multiple CPU architecture, then the
presentation capability of the media group will
be more improved. These lip synchronization
functions are executed at the synchronization
layer in the Media Object which is explained
in the following section.

4.2 Media Object

In order to easily realize scene synchroniza-
tion by message passing, we defined a Media
Object (MO) as a data model which takes ac-
count of network transmission. As depicted in
Fig.5, a MO includes a Media Group and a
set of methods to process the Media Group.
These methods can perform media transmis-
sion protocols?) including synchronization func-
tion, media format conversion function and me-
dia flow control for the streams. In synchro-
nization function performs synchronization be-
tween various media. Media format conversion
function performs media conversion, compres-
sion/decompression of audio and video. Media
flow control function perform packet rate con-
trol media to avoid overrun on the receiving and
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sending buffers. Therefore, lip synchronization
between the multiple media which organize the
MG while keeping effective packet transmission
can be attained at the MO’s synchronization
layer. Thus, By definition of the MO, more uni-
fied media transmission and presentation con-
trol can be realized whatever these media types
may be.

4.3 The implementation of MO

The method part of the MO as depicted in
Fig. 6 can be separated into the Message Han-
dler and the Media Handling Methods. The
advantage of this separation is that control of
the MO can be easily realized by adding the
Message Handler to the existing packet au-
dio/video and image transmission and display
system function in PAVS?). The Message han-
dler module performs as an external interface
to the MO, receives the control messages asyn-
chronously, calls the proper method and returns
the state message. The Media Handling Meth-
ods module includes a set of methods to manip-
ulate media data, such as media stream trans-
mission, media format conversion and lip syn-
chronization processing. It is reminded that the
different methods are activated depending on
the type of the media data which organize the
MO.

5. Realization of Media synchroniza-
tion

5.1 Lip Synchronization

In order to realize more fine-grained syn-
chronization, we introduced relaxed synchro-
nization®). With the relaxed synchronization
method, synchronization is executed only once
at several video frames and equivalent audio
frame points as shown in Fig.7. For ex-
ample, when the synchronization interval is
smaller than 1[sec], and the video and audio
frame rates are defined as Np [frames/sec] and
N 4 [segment /sec], respectively, synchronization
is executed at every time T which is calculated
by Np and N, divided by a. Here « is a
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common divisor between Np and N4. In this
case, the theoretical synchronization interval is
1/a [sec]. When the synchronization interval is
larger than 1 [sec], synchronization is executed
at every time point which is a multiple inte-
gral number of Np or N4. In this case, the
synchronization interval is a[sec]. If 1/a is too
strict and more coase-grained synchronization
is required, then the synchronization interval
(1/a)n can be used where n is an integral num-
ber.

The advantage of this method is that a rel-
atively flexible synchronization rate is quickly
achieved, and a higher throughput'®-'! is
maintained while the number of synchroniza-
tion points and the processing load on the client
station are reduced.

5.2 Scene Synchronization

Scene synchronization based on the scenario
of multimedia presentation is realized by the
synchronization mechanism in the multime-
dia controller as explained in the next section
among the MOs. Now we consider the case
where the two media groups, mgl and mg2,
which are organized by the MO1 and MO2 as
indicated in Fig. 8 (a), respectively, and have
parallel relation to each other. In this case, a
start control message is sent to the MO1 to ac-
tivate the specified method at the beginning of
the synchronization point. After T [sec] from
the synchronization point, another start control
message is sent to the MO2. Thus scene syn-
chronization is realized. On the other hand, in
the case where the two media groups mgl and
mg2, which are organized by MO1 and MOZ2,
respectively, and have a serial relation to each
other as is indicated in Fig.8(b), a start con-
trol message is sent to the MOL for mgl to
activate the specified method at the synchro-
nization point. After T [sec| since a termina-
tion state message from MO1 has been received,
another start control message is sent to MO2.
Thus by confirming the termination of MO1
and starting MO2, the serial relation between
both media objects can be maintained. This
scene synchronization can be executed by the
multimedia controller as discussed in the fol-

IB i
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|Base Point
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Fig.8 Illustaration of media object synchronization.

lowing section.
5.3 Multimedia Controller
A pair of multimedia controllers (MMC) as
shown in Fig.9 are activated for media pre-
sentation at both client and agent and process
the scene synchronization based on the presen-
tation scenario. The MMCs perform manage-
ment /control of all of the MOs which organize
the presentation. The client MMC can perform
scene synchronization functions using message
passing based on the presentation scenario. In
Fig.9, the client MMC receives condition mes-
sages from all of the MOs and controls their
actions, such as start/stop/termination by tak-
ing account of all of the media states. The
client MMC also manages the elapsed time of
the presentation based on the scenario. The
client MMC issues control messages to the MOs
when it detected time event activated by the
user, and shifts the current time to the user’s
required presentation point. The process on the
client MMC can be summarized in the following
steps;
(1) acquisition of the scenario;
(2) activation of the MOs required for the
presentation;
(3) scene synchronization control by message
passing;
(4) control of the related MOs depending on
user’s event;
(5) termination of MOs for completion of the
presentation.
5.4 Implementation of MMC
The client MMC consists of the three mod-
ules: MO Initiator, Scene Synchronization Con-
troller and Message Receiver. The MO Initiator
activates the required MOs before starting mul-
timedia presentation. The Scene Synchroniza-
tion Controller module performs scene synchro-
nization by message passing to the related MOs
based on the scenario. In this case, this mod-
ule refers to the condition tables of the MOs on
the shared memory, issues starting control mes-
sages to the related MOs after confirming the
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related MOs are ready to be processed. This
module also confirms the termination of the
presentation by maintaining this condition ta-
ble of the MOs. The Message Receiver module
receives various messages which are sent asyn-
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chronously from each MO and writes the con-
dition of each MO on the condition table of the
shared memory. Thus, the Scene Synchroniza-
tion Controller can always maintain the state
of the MOs.

6. Context Switching

In the hypermedia structure, a number of
multimedia presentations are provided on the
same output display at the client workstation.
Therefore, context switching functions between
presentations are required. We introduce three
context switching functions; pause, continue
and quit in the following:

Pause: as shown in Fig.10(a), Multimedia
presentation A is initiated at t1. Then Mul-
timedia presentation B is initiated at ¢t2 while
Multimedia presentation A continues. Then
Multimedia presentation A is paused until
Multimedia presentation B has been com-
pleted. When Multimedia presentation B
is finished, Multimedia presentation A is re-
sumed.

Continue: asshown in Fig. 10 (b), while Mul-
timedia presentation A is activating, Mul-
timedia presentation B is initiated at t2
without stopping Multimedia presentation A.
Thus two presentations are concurrently pre-
sented.

Quit: as shown in Fig. 10(c), while Multime-
dia presentation A is activating, Multimedia
presentation B is initiated at ¢2. Then Multi-

Multimedia B :

Multimedia B

-

- s

. .
End Time of i3—-l—!-—--——- !...... _._!._..

Fig. 10 [llustration of hypermedia contexts swiching.

media presentation A is stopped and instead

the Multimedia presentation B is started.

These context switching parameters are basi-
cally embedded in the presentation scenario, as
produced by multimedia authors, and managed
by dynamic hypermedia space.

In order to realize these context switching
functions, the control of MMCs as a unit of
multimedia presentation is required. For this
reason, we have introduced a hypermedia con-
troller and realized such context switching by
message passing for the MMC as described pre-
viously.

6.1 Hypermedia Controller

A pair of hypermedia controllers (HMC’) for
both client and agent are activated to manage
the MMC’ and to control the context switching
functions described in the scenario using mes-
sage passing. The client HMC receives the state
message from the MMCs and executes context
switching, such as pause/continue or quit. Fig-
ure 11 indicates a network model with HMC
including MMC’. Thus, the process of the client
HMC from the beginning of the hypermedia
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presentation to the end is shwon in the follow-
ing:
(1) acquisition of the name of the scenario
from the agent HMC;
(2) notification of the name of the scenario
after activating MMC;
(3) control of MMCs depending on user’s
event;
(4) termination of MMC when the presenta-
tion is completed.
6.2 Implementation of HMC
As indicated in Fig. 11, the client HMC con-
sists of three modules; MMC Initiator, Hy-
permedia Context Controller and Message Re-
ceiver. The Message Receiver activates a new
MMC when every multimedia presentation is
initiated and provides the required scenario for
the presentation. The Hypermedia Context
Controller executes the required context switch-
ing by sending a message based on the time
scheduled scenario. At this time, the HMC
refers to the condition table on the shared mem-
ory, confirms that the objective MMC is ready
to be activated at the switching context time
and sends the control message. The HMC also
confirms the termination of the presentation by
checking the condition table. The Message Re-
ceiver module receives various messages which
are sent asynchronously from each MMC and
writes the condition of each of these MMCs
on the condition table in the shared memory.
Thus, the hypermedia controller can always
maintain the state of the MMCs.

7. Prototyping

In order to evaluate the functionalities of the
MMC and HMC described so far, we proto-

typed a dynamic hypermedia system using sev-
eral RISC-based workstations; one is for an
agent and others are for clients over the FDDI
network with distributed multimedia database
are emulated in the agent. An example of the
application, at the Electronic Museum “Kawa-
goe City” is indicated in Fig.12 which intro-
duces the history, tradition, culture of an old
Japanese town, Kawagoe City by hypermedia
presentation was developed using the X-window
system libraries and the C language. Figure
13 indicates the scenario example of the Elec-
tronic Museum Kawagoe City. On this ap-
plication, users can more interactively and di-
rectly retrieve multimedia information based on
the hypermedia concept concerned with Kawa-
goe City using iconic and mouse operations.
All of the multimedia information based on
the presentation scenario were displayed on the
multi-windows based monitor with audio, mo-
tion video, image, graphics and text. The con-
tents presented dynamically vary by person-to-
person depending on the users’ interests, back-
ground and preferences.

In Fig. 12, when a user starts client, then a
pair of HMC processes are activated on both
the client and the agent, and a map with Kawa-
goe City is displayed in a window. By clicking
on the location of the town where the user is
interested, a query for the desired information
with the objective town is issued to the mul-
timedia database in the agent. Then scenario
[D of the location is sent to the HMCs on both
the client and the agent. Next, the HMCs ob-
tain a scenario and activate a pair of MMCs on
both the client and the agent. Each HMC sends
a “start” message to the equivalent MMC. The
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Fig.12 Presentation example of Electronic Museum “Kawagoe City”.

MMOC receives the message and starts the multi-
media presentation organized by a combination
of video and audio, images and text data con-
cerned with the rough shape of old Japanese
vehicle in the town as shown in the top left
window of Fig.12. This multimedia presenta-
tion is characterized by the scenario structure
as shown in the top left of Fig.13. After that,
by clicking the location of the object interest
(the old vehicle) in the displayed multimedia
presentation, the next multimedia presenation
starts with a context switching function. At
the same time, each HMC obtains a new sce-
nario and checks the context switching param-
eter of the first media presentation to identify
the type of context. In this case, since the con-
text is pause, each HMC sends a “pause” mes-
sage to the equivalent MMC for the first mul-
timedia presentation and activates a new mul-
timedia presenation concerned with the more
details of the old vehicle and its actual activity
at the festival while the first multimedia pre-

senation is paused as shown in the top right
window of Fig.12. This multimedia presenta-
tion is characterized by the scenario structure
as shown in the top right of Fig.13. When this
presentation comes to an end, the MMC sends
a finish message to the equivalent HMC and
completes this presentation. Then the HMC re-
ceived finish message sends a restart message to
the newest MMC which is being paused. This
newest MMC then resumes its multimedia pre-
sentation.

The bottom middle window in Fig. 12 is or-
ganized by an image data displayed on top left,
video data on top right, text data on bottom
and audio data played from the audio speaker.
This multimedia presentation is characterized
by the scenario structure as shown in the bot-
tom middle in Fig. 13. In this case, lip synchro-
nization is realized by the relaxed synchroniza-
tion method with a 125 [msec] synchronization
interval to maintaine between audio and video
based audio data. On the other hand, the im-
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Fig.13 Scenario example of Electronic Museum “Kawagoe City”.

age, the video and the text data are shown ac-
cording to a scenario by the scene synchroniza-
tion at the beginning. Next, new image data
and video data are presented by the scene syn-
chronization after 15 seconds from the begin-
ning. Furthermore, new text data are displayed
by the scene synchronization after 17 seconds
from the beginning.

Through this prototype, we could confirm
that the functions of the scene synchroniza-
tion and the lip synchronization could correctly
perform and provide satisfactory synchroniza-
tion accuracy on a multimedia presentation
even though multiple windows are simultane-
ously displayed. However, the response of the
context switching was not necessarily satisfac-
tory, because the changing time from one mul-
timedia presentation to another took more than
1[sec]. From this result, light weight processes
or threads are required to implement HMC and
MMC to improve the response time of context
switching.

8. Conclusions

In this paper, we defined scene and lip syn-
chronizations between intermedia and output
control between continuous and discrete intra-
media for our DHS. We also introduced the MG
and MO to realize more unified media integra-
tion and precisely explained how to implement

MOs. Furthermore, as control functions of the
scene synchronization and the context switch-
ing, the implementation of the MMC for MO
and HMC for multiple MMCs was described.
A prototype of the suggested hypermedia sys-
tem was built to evaluate the functions intro-
duced in this research using the Electronic Mu-
seum application. As a result, both lip and
scene synchronization could be accurately re-
alized. Three different context switching func-
tions may also be effectively performed to link
the current multimedia structure to the follow-
ing one with a moderate delayed interval. Now
we are extending our hypermedia system by in-
troducing more flexible QoS control functions,
such as dynamic resource allocation of CPU for
each MMC and HMC, and network bandwidth
reservation for continuous media.
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