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ABSTRACT

This paper describes the results of our efforts with regard to the design and implementation of an
educational digital video library using MPEG-4 and the Synchronized Multimedia Integration Language
(SMIL). The aim of our work is to integrate MPEG-4 encoding, full text indexing, high-resolution
streaming, and SMIL, not only for delivering on-line digital video, but also for enabling content-based
search for particular segments of a video clip stored in a repository of educational digital videos. One of the
main purposes of the system is to provide new functionalities and solutions, which are not offered in
conventional video libraries without online distribution facilities. Our system allows teachers, students and
other users from 145 schools in our region, quick and easy access to a digital video repository via the
Internet. They are able to store, search and retrieve catalogued streaming digital video content to be used for
educational purposes.
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Introduction

In the past decade, the Internet has spawned many innovations and services that stem from its interactive
character. There are numerous indications that the ongoing process of adding mobility to interactivity will
transform the role of the Internet and pave the way for yet another set of innovations and services. The XML-
based Synchronized Multimedia Integration Language (SMIL), for instance, is devised for the distribution of
sophisticated multimedia content in a variety of devices, ranging from stand-alone computers to cellular phones
(Bulterman & Rutledge, 2004). Diverse multimedia applications have flourished with recent advances in
hardware and network technology, the proliferation of inexpensive video-capture devices, and widespread
adoption of the worldwide web.

Video content can significantly enhance the learning and communication experience. When properly linked to
text, charts and images, video provides the realism, interest and detail not available in other media (Jonassen et
al., 1999).

All these new forms of interactive multimedia and communication offer new possibilities as to the way we learn,
think, and communicate. Even if the Internet and other related technologies provide easy access to many
resources in the form of static or dynamic web pages, it is undoubtedly more difficult to access high quality
videos or film clips on the web. To our knowledge, there are not many databases of educational digital videos
that can be accessed on computers via the Internet. Thus, our work is an attempt to tackle the problem of web-
based video retrieval to be used for educational purposes.

The purpose of our project is to develop an inexpensive, efficient, and easily accessible on-line digital video
library of educational videos. The system provides teachers and students in 145 local schools with on-line access
to a video repository made available and maintained by Audio-Visual Media Center (AV-Media), a regional
educational centre. Teachers and students are now able to store, search and retrieve catalogued streaming
content, and stream specific video segments.

Using a combination of MPEG-4 encoding, SMIL and underlying metadata descriptions, the resulting system
allows the semantic search of video content whilst adapting dynamically to the client’s bandwidth. This enables
users to view video material adapted to their individual needs, in a format adapted to their particular environment
and connectivity. We provide different encoding in different qualities to support wide variety of clients. MPEG-4
is used to encode multimedia content in order to offer a better quality at the same bit rate. SMIL is used because
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it enables random access to different points in the timeline of video content. We consider this solution superior to
approaches utilizing segmentation since in those cases users have only specific, previously determined access
points.

In the following sections, we will describe in more details the problems we are trying to overcome, the rationale
of our design and our technological approach. We will conclude by describing the architecture of our system and
the outcome of our work. These results are based on the efforts we have conducted in this project during the last
two years.

Motivation and Rationale

AV-Media is a regional educational center located in the province of Kronoberg, in southeast Sweden. AV-
Media has a wide collection of books, films, videos (VHS), CDs, and recently DVDs. The main task of this
organization is to give access and distribute all these different educational type of media to the 145 schools in the
region. In particular, AV-Media offers a big collection of VHS films consisting of more than 6000 titles, many
of those produced by the Swedish Educational TV. Educational experts review each video to ensure their
suitability for educational purposes before the center purchases them. The videos are then archived and the
related information about each film is stored in a database. The material can be ordered and distributed to the
different schools in a number of different ways.

Teachers in need of a particular educational video call to AV-Media's booking unit. Teachers also have the
option to search a database containing information about all available titles through AV-Media's web site.
Teachers calling the center can ask for advice on the type of the video and its content. They can also come to the
center, preview the video, and get professional support. The center also provides service cars that deliver videos
at different schools. The schedule of this service is available online. It is easy to see that present video
distribution involves many people and is very expensive. Thus, there is a need to improve the way the
educational material is stored and distributed.

New advances in digital video techniques and broad band distribution channels make it possible to explore new
ways of creating, processing and distributing educational video material to schools. It is now possible to use
existing open standards to compress (Sikora, 1997), play back, index and annotate (Manjunath et al., 2002) and
distribute multimedia stream data. Our efforts are primarily motivated by the need to provide access to digital
video segments to a wide variety of users, to allow them to look for particular sequences and to improve the way
this educational material is distributed. Thus, one of the main objectives of the project is to create a repository of
streaming videos for K-12 teachers and students.

Our work also focuses on organizing and indexing videos. Teachers and students are now able to search for,
retrieve, manage, and share digital video for use in the classroom. The system is accessible through a web
interface via internet. It contributes to the development of the educational community in the region of
Kronoberg, by providing online access to new resources and tools for the classroom, thus eliminating some of
the barriers of time and distance as described above.

Related Work

Researchers have now realized that while an enormous amount of unstructured video data exists, and its use as a
data source in many fields has greatly increased, there are several difficulties involved in its manipulation and
retrieval. MPEG-4 is a relatively new, open standard for compression and delivery of high quality audio-visual
multimedia applications that addresses scene content as a set of audio-visual objects (Sikora, 1997).

There are two main approaches for digital video retrieval. The first, content-based video retrieval (Marchand-
Maillet, 2000), deals with low-level features of content - such as color histograms, motion, texture and shape.
This approach uses automatic means to extract content features, but is not on a semantic level. The second
technique tries to enable users to search by semantic concepts. The advantage is that this is much closer to the
way users think of video (Vailaya, et al., 2001), but in order to achieve satisfying results manual creation of
metadata is needed for indexing; a subjective and time consuming, thus expensive process.

Despite the increasing amount of research in the domain of image recognition (Martinez & Serra, 2000;
Mojsilovic & Rogowitz, 2001) the results lagged behind expectations. Thus, recent research suggests that the
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combination of the approaches described above will generate better results (Li et al., 2003). The recent metadata
standard MPEG-7 (Manjunath et al., 2002) also targets both high- and low-level metadata. Extensive research
has also been carried out by IBM’s Cue Video project to study various aspects of segmentation, automated video
indexing (including audio segmentation and speech recognition), browsing by generating compact video
previews (including storyboard, animation), slide show of key frames, and retrieval and time scale modification
for fast video browsing in the application domain video for training and education (Amir et al., 2001).

Takeshi and colleagues (2002) elaborate upon work related to designing mobile streaming media using Content
Distribution Network (CDN), a scheme which pushes multimedia content to the Internet and enhances streaming
media quality for mobile clients while utilizing network resources effectively and supporting client mobility in
an integrated and practical way applying segmentation, request routing, pre-fetch control, and session handoff.
Perhaps, the closest effort related to our work in this project regarding streaming and indexing, has been carried
out by Hunter & Little (2001). In their work, they used a combination of high level and low level indexing for
composite mixed-media digital objects and MPEG-1 for video streaming. In the coming sections, we describe in
details the rationale of our design and technological approach with regard to the educational digital video library
we have implemented.

Features and Functions of the System

As indicated earlier, our project aims to provide a streaming environment that offers every school a simple, fast
and easy online access to streaming media allowing also semantic, high-level search for content. We are using
streaming and archiving techniques in a system that adjusts and adapts itself to the available client bandwidth
dynamically (using SMIL). The system we developed is able to identify the available bandwidth of different
clients. It can then adapt to changes in network performance and client characteristics: each video clip is encoded
in several different qualities. Based on the connectivity to the client side, the server chooses the most appropriate
encoding to deliver the desired video clip. This latest feature opens up the possibility of “ubiquitous” distribution
through access to the content even from mobile devices supporting MPEG-4.

Our system also includes administrative functions enabling users to upload, categorize, index and annotate the
required material. All videos to be streamed are converted to DVD (Digital Versatile Disc) from the original
analog and digital sources. The compression process creates several media files in MPEG-4 encoding. Textual
metadata is associated with temporal “segments”, i.e., a sequence of the video contains a defined start and end
time. At the current stage, this process has nothing to do with automatic video segmentation; content
producers/AV-media personnel decide and enter the start and end time and the associated metadata manually.
The person who is uploading the digital movie to the system is responsible for generating the metadata. The
metadata entails content description and time stamps marking the beginning and end of different segments of the
movie. How to set the time stamps is decided by the person uploading the film. Each segment should be set such
that it is logically cohesive and it contains a number of attributes describing the different topics associated with
the chosen segment that will be indexed.

Attaching metadata on a segment level allows users to go directly to segments containing relevant material. For
this purpose, full-text search facilities are provided. Furthermore, the material is sorted into hierarchical
categories. Users can browse the library by exploring the classification hierarchy and viewing selected videos.
They can search the database by specifying a category and typing a keyword. Thus, users are offered direct
search and browsing interfaces (Hearst et al., 2002). It should be noticed that the present metadata schema
attached to the segments has been customized to the current application.

The system has several advantages. It avoids distributing unnecessary video data by the adaptation to client
bandwidth. This also increases usability, as clients with lower bandwidth have less waiting time while still
serving high quality to broadband users. Since human beings are not involved in the mechanics of multimedia
distribution, further efficiency and cost-effectiveness is achieved. It offers a great deal of flexibility in the
storage, distribution and retrieval of videos. The system runs on relatively inexpensive hardware and software.
However, we want to point out that despite progress in the areas of retrieval and distribution, the manual
generation of metadata - the content description and time stamps that are central to the functionality of the
system - remains a considerable drawback.
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System Architecture, Technological Aspects and Implementation

Our system is running on a Linux server. It consists of a video encoding processor, a streaming server, a web
server and a Database (MySQL). An overview of the system's architecture is illustrated in figure 1. Video
encoding is done at the client side. Users uploading material need to have the proper encoding software installed.
The files are then uploaded to an ftp server. An Apache web server hosts our web-based search interface and an
interface for upload and initial annotation of submitted material. The MySQL database stores metadata and
indexes for each media object. Finally, a Darwin streaming server delivers the MPEG-4 videos. For viewing,
clients must have a web browser and QuickTime stand-alone viewer installed.
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Figure 1. The system’s architecture

The interface for video playback is a SMIL file dynamically created using PHP. While investigating for the most
appropriate solution to this issue, we found out a number of problems related to the compatibility between SMIL
implementations and supported functionality within standard media players on the market. Only QuickTime
allowed us to offer a functional seek feature via SMIL in a supported media format like MPEG-4 and MOV
(QuickTime associated format). The implementation of these ideas is illustrated in figure 2, as presented below.
SMIL is seen as being superior to other approaches since it allows the system to access video material at any
point in the stream. Other solutions that use a segmentation approach are seen as less flexible, and therefore less
desirable, since all access points in the timeline of the video are previously determined.

Figure 2. Using SMIL for presenting the different segments of a movie file
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The structure of the metadata associated to each file is very simple. Figure 3 illustrates a screenshot of the
administration interface (in Swedish) for adding and editing metadata. It can be seen that a film has a title; a
category and language type. A film can be segmented into different chapters that can be described by free text,
keywords and start and end time of the segment in which events to the associated keywords will appear. This
latter feature (start and end time) is used for generating the dynamic SMIL files as described above. We use a
simple keyword-based approach where we assign keywords to whole movies or movie segments. In addition,
administrators can specify the language of movies and assign them to nodes in a tree-like taxonomy. The
taxonomy can be extended manually when needed. The generated metadata are stored in a SQL database, from
which they are extracted with PHP queries when needed.

It is clear that this simple approach limits interoperability and integration with external systems, which could be
achieved by utilizing standards such as LOM (IEEE LTSC, 2002), RDF (Miller et al., 2004) and MPEG-7
(Manjunath et al., 2002) for content description or at least committing to an accepted ontology, as it was
illustrated by Ronchetti and Saini (2004). The current implementation of our system does not support
interoperability with other digital media libraries. However, based on existing software functionality
implemented in the system, we could easily adapt it to produce XML style metadata files satisfying the RDF
standard. These XML files could contain the location of the clip with all its related information such as language,
length and content. Depending on the requirements of other existing systems with which we want to connect to,
a RDF query interface needs to be developed.
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Figure 3. The administration interface for editing metadata

However, this issue regarding interoperability was never defined as an intended functionality of the system. The
main design criteria specified by people at AV-Media were ease of use, simplicity, and functionality. In this
particular case, the web interface is sufficient, and there is no need for automatized access via other channels.
Besides, this is not desired by AV-Media and content producers. When it comes to the technical implementation
of the system, we tried to rely on open-source applications to keep costs low, as this aspect has been defined as
one of the desired features of the system. At the time of designing the system, we did not find an open source
MPEG-4 encoder that satisfied our expectations. Hence, for our initial implementation we used a commercial
product (Sorenson Sqeeze, 2005). We currently also achieve encoding not only with Sorenson. We are using an
open source solution called MPEG4IP (MPEG4IP, 2005). MPEG4IP works stable and is used for encoding
digital films at schools. This solution has been even used for a few live broadcasts without prior recording with
satisfactory results.

The MPEG-4 video compression standard supports various bit rates. A single stream can serve several mediums
with multiple bit rates, which MPEG-4 supports in the range of 20 Kbps to 6 Mbps. However, we had
experienced some problems delivering different encoding bandwidth from a single file. Thus, our system builds
on replicating multimedia files in different qualities. In addition to platform independence, MPEG-4 video
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compression provides high-resolution images. It supports larger resolutions close to TV-quality (VGA 640 X
480). Much of the content to be delivered by the system has been originally recorded for TV (720 X 576, PAL).
If the material contains subtitles or other text, they become hard to read when encoding in lower resolutions.
Thus, VGA is supported and is the preferred option for content delivery (see figure 4). While a smaller
resolution has to suffice when content is delivered at low bandwidth rates, good quality, large screen resolution
greatly enhances the user experience and, given a choice, the user is attracted to a device with a larger resolution.
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Figure 4. A high resolution for streaming video delivery over the WWW

Conclusions

In this paper we presented the results of our work with regard to the design and implementation of an educational
digital video library using MPEG-4 encoding, SMIL and web technologies. We have been able to provide fine-
grained, free-text and keyword search and retrieval across different digital video films and clips by appropriately
combining complementary metadata derived from the individual digital objects.

The architecture of the systems is now in place, and people at AV-MEDIA have filled the video object repository
with a considerable number of titles. One of the major problems we are facing in this respect relates to the issue
of how to increase the amount of titles available. In Sweden, we experience some problems with regard to
copyright issues for distributing educational video material over electronic networks produced by different
content providers. At the moment of writing this paper, there are several hundred titles available through our
system.

Due to the reasons described above, users of the system are encouraged to produce their own educational
material in order to populate the repository of digital videos. Thus, teachers are contributing to this repository by
creating their own educational video material, as an alternative way to enlarge the amount of educational digital
videos. These activities are in line with AV-Media current efforts related to training teachers to produce their
own educational material using digital video. During the last ten months around 80 teachers have been trained on
how to produce digital video material to be used for educational purposes.

In parallel to these activities, our educational video library has been intensively used by more than 100 teachers
from the whole region. At present, all schools of our region have access to the system through the internet, so
they are able to use the system. The feedback we got from the teachers regarding the quality of service and the
response of our system has been satisfactory. Experiences from the teachers using the system show than not only
the films offered by AV-MEDIA are of interest for educational use. Also films that have been produced by
teachers or students and have been stored in the video repository are highly appreciated. Perhaps this latest
aspect is one of the most important issues for the adoption of a digital video library by teachers and students; the
fact that they can become content providers and not only consumers of digital media. The implementation of our
system allows now schools in our region to share a common database; it contributes to the creation of a stronger
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community of educators by providing new resources, in the form of educational digital films, and tools to be
used in the classroom. It also enables students and teachers to search for digital videos easily and more
effectively. By allowing users to store, retrieve and edit video more flexibly than it has been done before, this
technological approach has the potential to significantly improve the economics and logistics of video
distribution in educational settings.

One of the main advantages of our approach to web-based video retrieval is the fact that the distribution process
can be adapted to the particular environment and connectivity of the user. On the other hand, the main drawback
of the system we developed is the manual generation of metadata. This particular activity is a very demanding
and time-consuming process. Rossmanith (2003) has recently suggested an innovative approach for the
generation of dynamic metadata based on users' feedback. We plan to implement some of these ideas in the near
future, in order to allow users to contribute with their metadata to the objects stored in the digital video
repository.
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