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Design and Implementation of a Lecture on Demand System
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Abstract

" We design and implement a networked multimedia
on demand system to perform the lecture tutoring and
review process. By using this system, an instructor can
access, annotate, and store lecture files over network. In
the mean while, students can retrieve the corresponding
files and playback in an interactive manner. Thus,
students review the whole lecture in efficient way to
improve their learning process. In the designing of such
a system, a client-server model is chosen. The whole
system consists of lecture recording subsystem, lecture
storage server, and network subsystem. We implemented
the server end on Windows NT plaiform and the client
end on Windows NT/93 platform in the” Multimedia
Information NEtworking (MINE) Lab. at Tamkang
University.

Keyword: Client-Server system, Multimedia on
Demand, Resource Management, Computer
Aided  Education, and  Muliimedia
Annotation
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1. Introduction

The advances of computer and networking
technologies make on-line access to multimedia
information both possible and cost-effective. In the
present paper, we design and implement a networked
multimedia on demand system, we term it Lecture on
Demand (LoD), to perform the lecture tutoring and
review process. By using this system, an instructor can
access, annotate, and store lecture files. In the mean
while, students can retrieve the corresponding files and
playback in an interactive manner. Thus, students review
the whole lecture in efficient way to improve their
learning process. The proposed system is of benefit to
computer-based training, computer-based instruction,
and many other cases.

Due to (1) continuous media such as voice and
video that requires real-time delivering over network, (2)

- many users may simultaneously connect to the system,

and (3) a large storage space is required, the design of a
multimedia on demand system involve many challenging
and complex issues. In particular, the media retrieval
and storage techniques of a computer system and
multimedia synchronization issue are of concerns. Many
researchers have devoted to the above issues. In the
study of media retrieval techniques, there are two
approaches, ie., Constant Time Length (CTL) and
Constant Data Length (CDL) [1, 2, 3, 7). Both methods
retrieve data in a periodic manner. In the case of CTL,
its data retrieved rate is not a constant. However, the
data retrieved rate is a constant in the case of CDL. In
the study of disk scheduling, the Early Deadline First
(EDF), scan, round robin, and Grouped Sweeping
Scheduling(GSS) are shown in the literature 4,5, 6, 7).
In the meanwhile, different admission control and buffer
management methodologies are also illustrated. In the
study of interface to the client, depending on data access
types, there are stream-based and file-based approaches
[4, 8, 9). In recent years, commercial multimedia on
demand systems, such as Starling’s StarWare and Tiger
video server by Microsoft, are also available in PC
environments [12].
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In the present work, we design and implement a
lecture on demand system. It consists of lecture storage
server, lecture recording subsystem, network subsystem
to perform lecture annotation, storage over network. We
choose the TCP/IP protocol suite as system
communication protocol. The synchronization of voice
and lecture slide is achieved by using time marker
method[13]. We implemented the server end on MS
Windows NT platform and the client end on MS
Windows NT/95 platform. The present paper is outlined
as follows: In section 2, an overview of the proposed
system is shown. We describe the special features of the
proposed system. The design of lecture recording
mechanism is presented in section 3. The storage system
is presented in section 4. The design of network
subsystem is given in section 5. In section 6,
implementation and graphical user interface that
facilitates editing and interactive processes is illustrated.
Then, we conclude the present paper in section 7.

2. LoD system overview

As shown in Fig. 1, the whole lecturing and review
process can be separated into three phases: (1) editing
phase, (2) Lecture storage phase, and (3) replay phase.
In the editing phase, an instructor retrieves lecture files
from the lecture server and then annotates the
corresponding files. This process happens when an
instructor wants to enhance or to comment the original
presentation file. As we known, information generated
during this phase deserves to retain. In the Lecture
storage phase, the annotated files are stored through the
underlying network back to lecture storage system. In
the replay phase, students interactively retrieve and
replay the annotated file. On the other hand, student can
also download the annotated file from server and replay
it.

Figure 1. LoD system operation porcess

In the present paper, the proposed system considers
the case of slide presentation. In such a common case,

the presentation slides and the commentary part are the .

main data types that construct an annotated lecture. The
presentation slides are the original file prepared by an
instructor. This original file may be made by using MS
PowerPoint or any other tools. So the original lecture
file consists of text, images, or any other media. The
commentary part consists of two media: the instructor
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commentary voice and the telepointer movement
information. An instructor uses this part of data to
enhance his/her presentation. As an example, the typical
data consumption rate at the client end can be depicted
as Fig. 2. It has the following properties.

(1) Time varying: At any time interval, not all three
media (slide, telepointer, and voice) will appear.

(2) Random burst: When a slide is presented, it requires
more bandwidth. Furthermore, slide sequence is not
in a periodic manner.

(3) Synchronization: These media requires synchronous
playback.

Thus, the above characteristics are of coricern in the
designing of such a system.
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Figure 2. Lecture components playback relationship

As common approach, we utilize a client-server
model to implement the Lecture on Demand (LoD)
system. The network structure of @ LoD system is shown
as Fig. 3. It consists of the server end and the client ends.
An instructor and users can access the lecture files from
any client sites of the network. In this manner, the
designing of a LoD system consists of the following
critical subsystems:

@ Lecture recording -subsystem that manufactures and
edits lecture-media,

® Lecture storage server that supports continuous
media storage and retrieval,

® Nenwork subsystem that synchronously delivers media
information, on time, to the client sites, and

® Graphical user interface that facilitates media
interactive playback and annotation process is
required.

LoD Storage
Server

LoD Client

Figure 3. LoD system network siructure
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3. Lecture recording subsystem

~ The primary function of the lecture recording
subsystem is to prepare a convenient environment for
lecture annotation, synchronization, and interactive
playback. In our work, a software application is
designed to annotate the original lecture file. This

application takes voice and telepointer movement .

information as inputs. Once the annotating process
completed, user can select store function to store the
annotated file back to the lecture storage server. The
detail portion of this work can be found in [13].

A time-based synchronization mechanism is used in
our work. As shown in Fig. 4, the commentary part
include voice, mouse movement, and keyboard event.
These media and the original file require synchronous
playbacli. To achieve this goal, the commentary part at
each time interval, that is one second in our design, is
recorded as the following format. As shown in fig. 4(a),
in the first second, the system has the V, voice data, the

mouse down event at time t,, the mouse movement event
at time t,, and another mouse movement event at time t,.
In the 2nd second, the system has the V, voice data, the
mouse movement event at time t,, and another mouse
movement event at time t,. In the third second, the

system has a silence interval and the mouse up event at
time t,. In the fourth second, the system has the V, voice

data and the key press event that may indicate another
slide is selected.

Then the mechanism constructs the data format in a
sequence as shown in fig. 4(b). In this example, the
mouse downs at the time t] and ups at time tg. During
this time interval, several mouse movement events may
occur. Notice that the system-input mechanism detects
the voice input signal at every time interval and justifies
that particular time interval belongs to talk spurt or
silence gap. If it is a talk spurt, no matter how long of
that talk spurt, the whole time interval voice data is
stored. Notice also that the storage data of the mouse
event includes the time instant such that the replay time
can be duplicated in the replay phase. Because the whole
data in a particular second is recorded in the near
location, we can replay the annotation process
synchronously in the easy way during replay phase.

In order to accomplish the possibility of user
playback interaction, we also designed the special
indices. To facilitate the replay process, as shown in fig.
5, the annotated file contains two special indexes, i.e.,
the time index and the slide index. The time index is to
indicate the time sequence of an annotated file. The slide
index is to indicate the slide sequence. Users select this
index number to change the starting slide or replay
sequence. In a similar manner, users skip the undesired

slides during the replay phase. However the users want
to jump any portion of the courses, we can use these two
indices to indicate the position of the lecture files.
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Figure 4. A sample of time-based temporal
synchronization
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4. Lecture storage server

The lecture server is responsible for (1)storing
lecture files, (2)providing lecture contents and related
information, (3)providing lecture uploads, downloads,
and auto indexing services, (4)providing lecture real
time as well as non-real time delivery. To perform the
above tasks, in our work, the whole system is separated
into three units. It contains ¢1)Connection management
unit, (2)Lecture management unit, and (3)Resource
management unit. We present the detail of each unit as
follows:

(1) Connection management unit;:

The connection management, unit is the interface
between network subsystem and resource management
unit. Due to editing feature in our system, the connection
management unit is designed to handle different types of
service request. These service types may be real time,
e.g. lecture playback, or non-real time services, e.g.
lecture downloads and uploads. As shown in Fig. 6,
when a request is received, the service type is further
conformed. Then, the connection management unit
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informs its corresponding service. In each service
process, it contains two types of message, ie., control
message and data message. The control message is used
for request and interactive playback purposes.

Wait 4
client request

<—— Request Arrive
PR —

* Create
Connection

- '[Checl\c\\\
Service p :
Lecture Playback ~.Type " Lecture Down/Up load
Service o Directory and Abstract download
Service
Create Create
Retrieval . - Down/Up load

Service Servi

Figure 6. Connection management flowchart

The request from client end needs to be passed to
resource management unit for further conformation. In
this manner, we can ensure that quality of real time
retrieval service. If the system does not have enough
resources, the request needs to reject. On the other end,
the required bandwidth is allocated. The whole process
is depicted in Fig. 7.

Real-time Non Real-time
Retrieval service Up/Down load service

start . start

Initialization | Initialization [

Request
Resource

Request
Resource

ifnot
finish
retyieval

Retrieval/
Transfer
Data

Retrieval/
Transfer
Data

( Service End )

Figure 7. Service Process operation flow

( Service End

(2) Lecture management unit:

This unit is in charge of lecture files and
commentary files access, placement, and management.
To improve lecture search efficiency, a database is used

to record the corresponding lecture related information
such as authors, require playback time, abstract etc.
Furthermore, the SCAN strategy is used in the disk
scheduling, As shown in Fig. 8, the reading requests for
each service process are sorted in In-buffer, then present
to Out-buffer for arranging file retrieval sequence.

( Service !

Lecture . R/W Request
izt ¢ -
an;ie‘:nen Sort orders of In-Buffer
Read/Write
Request
m« PRIIURS N,
11

R/W Request
Out-Buffer

Lecture !
Storage |
Device

Figure 8. Lecture Management Unit structure
(3) Resource management unit:

This unit is responsible for resource management
and admission control. In resource utilization, the
requirements of resources are different between real-
time and non-real-time service processes. Because the
required resources of real-time service processes must
be allocated - fully before beginning service, we only
enforce the admission control strategy to these service
processes for ensuring the QoS.

Similar to many other on-demand systems, the unit
admits a real-time service process if the system can
reserve sufficient disk bandwidth and buffer space for
continuous playback. In general, the simplest reservation
strategy is based on the worst playback rate, but this
strategy wastes many resources for VBR media. As
described in section 2, the traffic characteristic of the
media used in our system is a kind of VBR media. In
order to simplify the calculation and improve the
resource utilization, we adopt a polyline-like smoothing
policy to increase the stability of the transmission rate
and the peak-rate reservation sirategy on smoothed
traffic. Due to the limitation of space, we do not describe
the smoothing algorithm in detail.

In resource managing, we adopt SCAN algorithm
for disk scheduling and double buffering policy for
memory allocation. Therefore, we define two rules for
admission control according the characteristics of the
managing strategies. These two rules are described as
following:
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rule 1 : for disk bandwidth ( using SCAN algorithm )
(z rp+r Trans + TSeek + (t + 1)

*(T, +7, ) < T

atency verhead round

rule 2 : for buffer allocation ( using double buffering
strateoy )

?*(Zi‘-l' new) < Btolal

In these equations, r; denotes the smoothed peak-
rate of the ith admitted process that is executing, ¢
denotes the total admitted processes that are executing,
Fuew denotes the smoothed peak-rate of the new service
process, ‘T, denotes the unit transmission time, Ty
denotes the maximum seek time, Tiatency denotes the
maximum rotational . latency, Toermeas denotes the
maximum overhead for switching processes, Thouma
denotes the period of one round (at present, we define
Tround = 1 second), and B,y denotes the total memory
spaces in the server. The two equations must be held
after admitting any new service process.

5. Network subsystem

As we mentioned before, there are three phases in
the whole system process. According to the services that
provided in our system, the styles of transmissions
include (1) uploading lecture data from instructor site, (2)
download lecture data to student site, and (3) interactive
data-stream between the server and student site. In the
first two types, the LOD system simply transmits the
whole file of lecture data from instructor site or to
student site. But in the last type, it’s a real-time
transmission.

In order to realize these functions, we create two
network connections between the service end and the
client end: command connection for message
exchanging, and data connection for lecture transmission.
Furthermore, as shown in fig. 9, we use the reliable
protocol, TCP, in the both connections because whole
data that needed for lecture playback could not lost
during transmission.
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Figure 9. Network data transfer diagram
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6. Graphic user interface and implement-
ation

We implemented the proposed Lecture on Demand
System that the server is on the Microsoft Windows NT
platform, and instructors and student clients are on the
Microsoft Windows NT and 95 platform. Voice input
signal is treated by a Sound Blaster card which uses the
PCM encoding scheme. To facilitate the lecture storage
process, we design a graphical user interface as shown in
fig. 10. By this interface, an instructor can fill the form
up to indicate the attributes of the lecture and select the
position of existing database to insert the lecture. The
students can select to retrieve the lecture of the desired
course by the user interface shown as fig. 11. After a
course is selected, the students just click the start bottom
to replay the annotated lecture.
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Under the above circumstances, the file is replayed
in the same speed as the annotating process. For
example, Fig. 12 is an example of annotation. Due to the
restriction of this paper presentation, the voice portion
does not appear. However, from the designed data
structure of the file storage one can see the voice and the
pointer movement are presented simultaneously and
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synchronously.

_ Figure 12. An example of annotation

If users want to interact with the system during
replay phase, they just make a click on the screen then
the designed user interface, i.e., fig. 13, will appear. By
pressing the corresponding bottom, users can pause,
forward, backward; and skip the slides. Furthermore,
users can select a particular slide to play by using the
index dialog box.
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Figure 13. The index dialog box

7. Conclusions and future works

We design and implement a multimedia on demand
system to facilitate lecture review process. The design
and implementation of such system includes many
challenging tasks. Our contributions are as follows: (1)
A lecture storage system is implemented on Windows
NT to store multimedia files, (2) A synchronization
mechanism is implemented to ensure inter-media
synchronization, and (3) A graphical user interface is
implemented to facilitate the lecture annotation and
interactive playback functions. Thus, an instructor’s
lecturing process can be recorded and then students can
replay the annotated file in an interactive manner.
System of this kind can be significantly benefit to our
learning and training process.

To facilitate global access, a Java-based graphical
interface is preferred. Furthermore, a robust resource
allocation or admission conirol scheme is required to
support raultiple users access environments. We would
like to pursue these issues in our future work.
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