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SCOTIMM
A System for Structured Context-Aware
Interactive MultiMedia Applications

Abstract. The possibility of using multimedia objects in modern applications has
proven to be a bonus. We want to provide ways in which the user can interact
with multimedia objects while it is been presented with features that go beyond
the regular controls of a VCR. Furthermore, the presentation of the video can be
modified by events happening in the surrounding environment. This technical
report presents a system SCOTIMM - Structured ConText-Aware Interactive
MultiMedia Applications - as a proposal to model the user actions from
contextual information, in a way to ease its interaction with context-aware
interactive applications like Interactive TV (ITV). The work also discusses how
and which kind of contextual information could be used in one ITV
environments that have an active network as the underlying infrastructure. The
profile concept is presented and methods for using profiles in ITV programs are
discussed.

1 Introduction

With the arising of the interactive video technologies, a number of new
applications and interaction forms became possible. The different ways that the
user can interact with the video (or multimedia objects) make a need how
applications can adapt (even automatically) to the situations, improving
interaction. The computation presence in ubiquitous way gives to the users the
expectation that it is possible to access information and services anywhere.
Besides that, the mobility provided by the ubiquity makes the user context, like
the location, people and objects around, become more dynamic. The great
variety of situations in which the user can be involved makes necessary a way to
the applications adapt (eventually in an automatic way) themselves according to
the situations, providing a better support to the human-computer interaction
(McCanne et al., 1996; Dey and Abowd, 2000).

A way to improve the support to the human-computer interaction is to improve
the communication during the interaction, making the computer able to process
the contextual information of the wuser, the machine and the system



communication, allowing the implementation of more useful computational
systems (context-awareness).

Context-aware applications use environmental context inputs to provide
information to the user or to enable services for him/her. Also information to
the application and the network can be provided, to adapt (maybe
automatically) the application infrastructure to the actual conditions.

In interactive video applications, context-awareness support can be split into

these categories:
e Dynamic control of individual objects. New video technologies allow
multimedia scenes to be composed by different video objects. These
objects have the potential to be manipulated independently of the other
objects in the scene. To do this, descriptions (shape, content, action and
relationships) providing semantic to the objects must be available, easing
that the application be aware of which actions can be and cannot be
applied to the objects;
e Application dynamic adaptation to the network and server conditions.
The interactive video interfaces must provide a mechanism to the user
specifies the presentation quality. Once the user specifies the quality,
he/she hopes that this quality stays the same during the whole
presentation;
e Application dynamic adaptation to the user context. There are
situations where the interfaces can adapt itself according to the user
context. Depending on parameters like identity, location, action and time,
services can be or cannot be offered or executed.

The second category helps content and network providers. The two others bring
direct benefits to the end-users. Traditionally, events and relationships in
computational environments are analyzed and modeled to build interfaces for
applications. As computing is used ubiquitously, the design of interfaces must
change to demand further capabilities both from the designer and the
infrastructure available. Furthermore, the context-awareness offers new
possibilities of interactions related to users, applications and infrastructure.
These interactions and relationships need to be modeled to ease the building of
interactive context-aware distributed environments, like ITV.
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Figure 1: The SCOTIMM components - Graphical Structure.

In this context, was born the SCOTIMM - A System for Structured COnText-
Aware Interactive MultiMedia Applications. The Figure 1 presents the
‘conceptual structure of the SCOTIMM.

The SCOTIMM system is composed by the following components:

APICE (Structured Context-Aware Interactive Applications): covers the
modeling of structured context-aware interactive applications, specifying
methods for integration of technologies like MPEG-4, MPEG-7, XML,
among others, and the approaches for development of interactive
applications like Interactive Television, Videoconference, among others.
NECTAR (Network Environment with ConText-Awareness Rules: covers
the infrastructure necessary to context-aware interactive applications,
especially in terms of the networks aspects;

AGITA (Agents for Context-Aware Interactive Television Applications):
covers the use of the agents technology in context-aware interactive
applications;

PRACTIC (Profile for Context-Aware Interactive Television
Applications): covers the specific scope of the generation of profiles for
interactive applications; it is composed by PRACTIC-E (PRACTIC
Program Examples) - that covers the specification of profiles for
interactive program examples - and by PRACTIC-S (PRACTIC Schema)
- that covers the specification of description schemes for interactive
program examples.



The use of active networks makes possible new approaches on user-network and
application-network interactions, and represents an innovation in context-aware
ITV applications.

The potential, represented by the active networks, is used in active nodes to
process contextual information about network, server and applications actual
needs, allowing the network to make dynamic decisions (based on these
contextual information) about which is the better way to deliver ITV programs,
in terms of the traffic, the bandwidth, the quality of presentation, the level of
interactivity, the programs needs and the user interactions. These decisions can
be taken at the moment that relevant events occur, without the user intervention
or server response. The network is aware of the ITV application’s context.

The last component is about the terminal, which is the interface between the user
and the ITV application. It needs to be able to receive and process context-
awareness information, and negotiate dynamically, with the server and with the
network, the requirements and status of the application. The terminal also will
exhibit the presentation, composed by MPEG-4 objects. Therefore, the terminal
must have MPEG-4 player. The MPEG-4 standard provides an API called
MPEG-] that can be used like an interface between MPEG-4 player and Java
programs (Nack and Lindsay, 1999). This API can also be used to implement the
server dynamic negotiation needs.

The proposed infrastructure and the ITV Application (our target application)
generate a new and complex set of possible interactions. This scenario needs
modeling, which will be discussed in the next section.

3 A Modeling for Context-Aware Interactive TV Applications

This section presents aspects covered by APICE. The ITV application model
was divided in three major components and two other components that are
related to all parts. The modeling, presented in Figure 2, follows an UML-like
(Unified Modeling Language) syntax. UML (Booch et al., 1996) is used in the
modeling of objects classes on the context-aware ITV application to allow the
formal specification of these classes and their relationships, in terms of the
activities (actions) that are generated during the use of the application by the
user.
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Figure 2: A high-level class modeling for an Interactive TV Application.
3.1 Program Model

The central object of the ITV application is the program. The program has
connections to the mains parts of the other models (profile and terminal). These
connections exist because the terminal receives the information from a program
profile but all this information is on the program model, so it communicates
with the program object. The schedule object archives the information about
which times the program will be on the air, this is important to the Digital
Video Recorders (DVR) and to the Electronic Program Guides (EPG). Using the
schedule is possible to record all the episodes of a program without care, just
selecting the program. Another component of this model is the summary, which
provides summaries of the programs. A scene composes a program also. The
scene includes timeline, media, information element and description. The timeline
determines when, how and which each media object will appear on the scene at



a specific moment. The media object has information about how to process the
media. The description has the metadata about the scene and its element. In this
point, information element can be used to provide scene information for the
agents involved in a determined negotiation started by the agent
communication process, especially in terms of the interactions generated by the
user.

3.2 Terminal Model

The central object of this component is the terminal that is connected to the
Adaptive System and to the Ubiquitous/Mobile Sensor that includes all the sensors
and devices that can provide useful contextual information. The terminal can
have embedded devices like CODEC (video and audio, for example) and
interaction accessories (e.g. keyboards and joysticks). Other object that is
present on the Terminal Model is the person. The person is the object where all
the relevant information about all the people that use the system is recorded.
Examples of relevant information are age, gender, salary/total income, favorite
channels/shows, access restrictions, sound volume and image
brightness/contrast. The Adaptive System refers to network related information.
There are two objects composing it, the network that has information about
bandwidth, type of network, proxies, firewalls and also the dynamic
information like actual network status and transfer rate. The preference refers to
terminal features that can be modified /adequate according to the both network
conditions and user’s application requirements. The Ubiquitous/Mobile Sensor is
composed by objects (devices) representing the devices that make ubiquity
possible like sensors and its characteristics and the element that is an object that
can directly interact with the terminal. Agents can interact with the terminal
using the element object.

3.3 Profile Model

Each program is composed (and presented) by one or more profiles. Each profile
can be viewed as a different “skin” to the same program. One example is the
news program that can have the morning news, lunch news and late news
profiles. Each profile has different characteristics and different needs. These
characteristics can be mapped into layout, communication, context and interaction.
The layout will have typical interface variables like size, color, elements
position and fonts. The layout is composed by the menu that will indicate the
fields /elements in the menu and the type of the menu and by the control that
informs which controls, like zoom, resize and crop, are available. The



communication has all the requirements of the profile like bandwidth, CODEC
and QoS level. The context informs which context information is important to
that profile, how this information needs to be processed and what to do with it.
The interaction object concerns about which types of interaction are available to
that profile. Possible interactions can be search related topics on the Web,
search related topics on TV, change the angle of a scene, change the audio and
remove objects of the scene. The last object of the Profile Model is the user
preferences where the user can specify his/her preferences related to content.
The layout aspects will be customized in the custom object. .

4 Infrastructure

This section presents aspects covered by the both NECTAR and APICE. A
proposal of an infrastructure for Interactive TV, that enhances interactivity
between the user and the whole application, is composed of three components
(the server, the client and the network) and is illustrated on the Figure 3.
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Figure 3: Agent-based architecture for an Interactive TV Application.




The red arrows in the Figure 3 indicate the communication among agents in the
proposed infrastructure for ITV applications, while the black arrows indicate
relationships among hardware and software elements that compose an ITV
environment. Details about the agents’ communication are described in the
Section 5.

4.1 The Server

The server concerns about how to store and to deliver ITV programs. These
programs are composed of multimedia objects like video, audio, images,
animations, graphics and texts, among others. Besides that, a program also has
a kind of script that specifies the structure of the program and the spatial and
temporal relationships of the objects with the program and with other objects.
In other words, a program is composed of content and structure. Also the
server must be able to deliver different objects to different users according to
the users characteristics and needs. The server must store the multimedia
objects compounding an ITV program (content) and also store the structure of
the program that relates the objects inside the program in time, space and
relationships, like showed in Figure 3.

MPEG-4 objects can provide the content. The MPEG-4 standard (ISO, 2000;
Battista et al., 1999) has been developed to provide solutions to the new
multimedia applications. The functionality of this standard is based on objects
manipulation.

A MPEG-4 presentation is based on scenes. Each scene is composed by some
objects (video, audio, graphics 2D and 3D, animation 2D and 3D, text, and so
on) and these objects are coded in elementary streams. The MPEG-4 streams are
decoded in a way to allow the separation and the reconstitution of the objects,
being possible to interact with the objects in the scene (Figure 4). A possible list
of interaction can be: changing objects position, scale, rotation, speed (of the
objects movement on the screen), add or remove objects that compose the form
the scene (ISO, 2000).
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Figure 4: MPEG-4 stream decoding (ISO, 2000).

In addition to coding (there are many types of rates and algorithms to coding in
order to cover a large range of applications) the objects are compressed and can
be multiplexed in a single stream or in a group of streams to be transmitted or
stored.

The MPEG-4 composition process is flexible, allowing the creation of
presentations with multimedia content (natural or synthetic) through a graph
representing the scene. The media objects are organized hierarchically in a way
to allow that complex objects be formed from primitive objects (which are on
leafs of the graph).

Each one of these objects is an independent entity, synchronized with the other
objects that compose the scene. The synchronization is, in MPEG-4 standard, at
the level of individual frames (of the objects in general). It is an advantage
when compared with other multimedia standards, like SMIL (W3C, 1998) and
HyTime (DeRose and Durand, 1994), which have synchronization at the level of
streams or group of frames. This is very important in ITV programs once that
the users may insert or remove objects during the scene exhibition.

Other interesting characteristic of the MPEG-4 standard is that MPEG-4 video is
composed by layers (Ebrahimi and Horne, 2000). There is a basic layer and
some enhancement layers that allow spatial and temporal scalability. The
enhancement layers enhance the basic video layer quality in terms of resolution
and frame rate. Due characteristics like composition of presentation as
structured and related objects, streaming, error resilience, powerful
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compression, synchronization, among others, the MPEG-4 standard is a strong
candidate to implement ITV programs.

The structure for the ITV programs stored in the server can be provided by
MPEG-7 (Nack and Lindsay, 1999; ISO, 2000) descriptions, that represents
instances of an ITV model.

The MPEG-7 standard aims standardize the descriptions of data with
multimedia content. This is done through the specification of a standard set of
Descriptors (D), which can be used to describe a variety of types of multimedia
information. The MPEG-7 standard specifies pre-defined structures of
descriptors and its relationships, also specifies the ways to user define his own
structures. These structures are called Descriptors Schemes (DS).

The definition of a new DS is made using a specific language for this, called
Description Definition Language (DDL) (ISO, 1999b). Through the DLL, DSs and
Ds, the MPEG-7 can do for the multimedia content the same that XML (W3C,
2000) do for the textual content.

The MPEG-4 objects can be described by MPEG-7, providing the ITV content
with the necessary semantic to facilitate tasks like content management,
searches and increase of the possible interactivity actions.

MPEG-7 is not limited to describe multimedia objects. Its can describe
abstractions, like an ITV program:

<DSType name="Program">
<!--core-->
<attribute name="identificator" type="integer">
<attribute name="member of" type="GroupRefType" minOccurs="0"
maxOccurs="unbounded" />
<attribute name="generic program" type="GroupRefType" minOccurs="0"
maxOccurs="unbounded" />
<attribute name="episode" type="SeriesRefType" minOccurs="0"
maxOccurs="unbounded" />

<!—program basic information -->
<attribute name="title" type="ProgramTitleType" minOccurs="1"
maxOccurs="unbounded" />
<attribute name="abstract" type="ProgramAbstractType" minOccurs="0"
maxOccurs="unbounded" />
<attribute name="keyword" type="ProgramKeywordType" minOccurs="0"
maxOccurs="unbounded" />
<attribute name="genre" type="ProgramGenreType" minOccurs="0"
maxOccurs="unbounded" />

</DSType>
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This DS shows a way to structuring a program and how it is composed. The
composition is determined by identification, association (group, -episode) and
index information (title, keyword, among others). This DS also establishes a
link to other DS through the member_of attribute.

The server must adapt its services on demand. These services, for one user or a
group of users, can be: stream delivery, data multiplexing, delivery adjusts,
program storage and recuperation, searches, among others. The information
(parameters), needed to do this adaptation, is described on the client
application (actual desired quality level, for example), on the network (traffic,
available bandwidth, among others) and on the server (actual load, availability
of data, actual delivery rate, among others). The situations where this
adaptation must occur are specified on the ITV model, presented by Figure 1,
especially in terms of the information element present in Terminal Mode. In this
point, is relevant to observe that the model can be instantiated by MPEG-7
descriptions. Besides that, this information represents contextual information,
like identity, location, activity and index information, and can be mapped by
MPEG-7 descriptors or descriptions schemes.

Different users can request different levels of quality for the same presentation.
Then, the server must be able to deliver different streams of the same program.
In the video case approaches based on layered coding are common (Wu et al.,
1997; McCanne et al., 1996; Li et al., 1998). The video signal is coded in one or
more layers with different priorities. The layer with the higher priority, the base
layer, provides the basic level of quality. To sharp incrementally this quality,
enhancement layers with priorities progressively lower are delivered. This is
exactly what the MPEG-4 standard specifies to multimedia objects (Ebrahimi
and Horne, 2000). Then, the server can use MPEG-4 encoders to achieve this
functionality.

Software agents are trigged to monitoring the delivery process. These agents
access the program descriptions, the user requirements for the presentation and
the server parameters. In an example of agents use, consider that the server
load is high and the delivery stream average is decreasing, indicating a possible
service interruption (or a server overload). In this situation, the agents can
consult the program description to find what enhancement layer stream
delivery must be stopped, in order to reduce the load in the server and preserve
the presentation.
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4.2 The Client

A terminal and terminal agents compose the client. The terminal is composed
by a personal computer, connected to a network, and must exhibit ITV
programs. This terminal must run a player implemented according to the
MPEG-4 standard.

The Figure 5 shows the components involved in the exhibition process of the
client MPEG-4 presentation (an ITV program, eventually). The MPEG-4 coded
streams are sent to the terminal. Through a demultiplexer, the MPEG-4
elementary streams are separated. Each elementary stream is decoded in objects
and sent to the player to realize the rendering. The player uses the scene
description and the objects descriptions to put each object in its position, and to
verify what kind of control can be applied to each object.
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Figure 5: MPEG-4 presentation components at the terminal (ISO, 2000).

The author of the presentation determines these controls (which can be applied
to the objects). Each object has a list of standard controls (like shrink or enlarge
an image), that can be accessed by the user during the presentation (if the
author allows). Complex kinds of controls can be achieved using the MPEG-]
API (ISO, 2000; ISO, 1999a). This API acts like an interface between the player
and Java programs. In this way, authors can code complex situations of
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interactivity and sent this code like a MPEG-4 elementary stream, in the same
MPEG-4 stream of the presentation.

The users can interact with the presentation in a large range of ways:
controlling the objects in the scene, doing searches (with textual, images,
sounds, or other object inputs) on the server or on the net, and interact with the
network and the server. The user interactions generate events. Some events
have a local effect, like enlarging an image, and are easy to process. Others can
affect the network or the server services, like a request for a higher rate of
transmitted frames. In this case, these events, representing the user wishes or
needs, can be sent back to the server or to the network (Figure 3).

The terminals can also be connected to devices like VCRs, play stations, cable
TV, cameras, and so on. These devices can have sensors, which process some
kind of information is order to provide ubiquity and/or context-awareness. The
sensor communicates with the devices that are controlled by the terminals.

4.3 The Network

The formulation of this architecture is based in the fact that the network must
be aware of the ITV application context (server, client and network actions and
interactions), in order to provide a better support to the user-ITV application
interaction and to provide new possibilities of infrastructure and application
management. These possibilities are related to interactions among the three
components of the infrastructure. To do these tasks, the network needs be able
to change, dynamically, its protocols and algorithms.

Traditionally, processing within the network was limited basically to routing,
congestion control and quality of service (QoS) schemes. New network
architectures, like active networks, allow dynamic changing of behavior in two
ways: routers and switches within the network can perform computation on
user data flowing through them, and, users can "program" the network, by
supplying their own programs to perform these computations (Tennenhouse
and Wetherall, 1996; Calvert et al., 1998).

The proposed architecture aims use active nodes to process contextual
information (through the network agents) about network, server and
applications actual needs. The contextual information is the descriptions of the
ITV program, multimedia objects and streams, and the status of the three
infrastructure components. This allows the network to make dynamic decisions
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