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Abstract

In interactive multimedia presentations, users
should have the flexibility to decide on various scenar-
ios they want to see. This means that two-way commu-
nications should be captured by the conceptual model.
An abstract semantic model, the augmented transition
network (ATN), is proposed for modeling user inter-
actions in multimedia presentations. In ATNs, each
state node allows multiple outgoing arcs to model po-
tential user interactions. At the decision point, the
multimedia presentation system can use this informa-
tion to display selection buttons so users can make
their choices.

The superiority of modeling user interactions with
ATN instead of the Timeline model or the Object
Composition Petri Net model is discussed in this pa-
per. Our results show that the ATN is effective for
modeling user interactions in a multimedia presenta-
tion environment.

1 Introduction

Many conceptual models do not allow user interac-
tions in multimedia presentations [1, 3, 8, 9, 11]. In
these models, the presentation must follow the orig-
inal design and there is no way for users to inter-
act with the presentation. In other words, they do
not allow the design and implementation of multi-
ple choice user-directed presentations. Many appli-
cations such as multimedia document systems, digital
libraries, and video games require this user interaction
feature. Moreover, when document size increases, the
complexity of the model increases. This complexity
can make it very difficult for users to understand the

representation of sequences when the model includes
many media streams and a great deal of control in-
formation. As mentioned in [7], the most prevalent
temporal model is the timeline [2], which aligns all
events on a single time axis. Although this model pro-
vides a simple and graphical representation, it does not
model user interaction features because it requires a
total specification of all temporal relationships among
media objects. In a video game, for example, users
need to use the computer’s mouse to select from var-
ious scenarios based on their decisions as the game
proceeds. A single timeline does not work here be-
cause the start time of one selected scenario is known,
but the end time can not be known before users make
their choices. In order to solve this problem, differ-
ent timelines are required to model different selection
paths. Extra commands are also needed to explain the
possible selection paths.

Little and Ghafoor [9] proposed an Object Compo-
sition Petri Net (OCPN) model, based on the logic of
temporal intervals and Timed Petri Nets, to store, re-
trieve, and communicate between multimedia objects.
OCPN is in the form of a marked graph, so each place
in an OCPN has exactly one incoming arc and one out-
going arc. A marked graph can only model those sys-
tems whose control flow does not branch. This means
that it can model parallel activities but not alternative
activities [10] such as user interactions.

Since each state node in an augmented transition
network (ATN) allows multiple outgoing arcs to model
multiple selection paths, users can make selections
based on their preference. Different choices lead to
different presentation sequences. This allows user in-
teractions to be modeled in ATNs [4, 5].

The rest of the paper is organized as follows. In Sec-
tion 2, a Timeline model that allows user interactions
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Figure 1: Timeline model with commands in user se-
lections.

to be modeled is introduced. The difficulties encoun-
tered in using the OCPN model to model user inter-
actions is also presented. Section 3 discusses how user
interactions are modeled by the proposed augmented
transition network model. Conclusions are drawn in
Section 4.

2 Related Work

In this section, the Timeline model and the Object
Composition Petri Net (OCPN) model are discussed.
We show how the Timeline model is used to model user
interactions and why the OCPN model has difficulties
with modeling user interactions.

2.1 Model User Interactions Using
Timeline Models

The timeline model provides a simple and graphical
representation. All media streams are aligned on a
single time axis. Based on the representation of this
model, users can easily see the temporal relations of
each media stream in a presentation. The problems
arise when we try to model user interactions with this
model.

Figures 1 and 2 are two timelines that model user
selections. In Figure 1, V; (Video 1) and T} (Text 1)
are displayed beginning at time ¢; and ending at time
to. The presentation then provides two selection but-
tons to let users make a selection. If B; is chosen, V5
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Figure 2: Timeline model with no commands in user
selections.

and T4 are displayed from time ¢3 through time 4. If
Bs is chosen, V3 and T3, with the same duration as V5
and T, are displayed. At time t4, both selection paths
merge and begin to display V4 and 7. This means that
regardless of whether By or Bs is chosen, the presen-
tation will share the same presentation sequence after
time t4. Figure 2 represents the same scenario as Fig-
ure 1 by using only a timeline with no commands. As
Figure 2 shows, it is difficult to let users understand
the selection sequences without additional commands
and arcs.

2.2 Model User Interactions Using the
OCPN Model

The Object Composition Petri Net (OCPN) model
is based on the logic of temporal intervals and Timed
Petri Nets. This model can be used to store, retrieve,
and communicate between multimedia objects. OCPN
is in the form of a marked graph, so that each place in
an OCPN has exactly one incoming arc and one out-
going arc. Therefore, an OCPN can only model those
systems whose control flow does not branch. Hence, it
can model parallel activities but not alternatives such
as user interactions. In applications such as computer-
aided instruction (CAI), the situation depicted in Fig-
ure 1 can happen since CAI applications may involve
extensive two-way communications and different selec-
tions may occasionally merge together. In these sit-
uations, the overhead inherent in the OCPN model
makes it expensive for implementing a multimedia pre-



sentation system.

3 Model User Interactions Us-
ing Augmented Transition
Network (ATN)

The augmented transition network (ATN), devel-
oped by Woods [12], has been used in natural lan-
guage understanding systems and question answering
systems for both text and speech. We use the ATN
as a semantic model for multimedia presentations [4],
multimedia database searching, the temporal, spatial,
or spatio-temporal relations of various media streams
and semantic objects [5], and multimedia browsing [6].

A multimedia presentation consists of media
streams that are displayed together or separately
across time. The arcs in an ATN represent the time
flow from one state to another. An ATN can be rep-
resented diagrammatically by a labeled directed graph
called a transition graph. The ATN grammar consists
of a finite set of nodes (states) connected by labeled
directed arcs. An arc represents an allowable transi-
tion from the state at its tail to the state at its head;
the labeled arc represents a transition function. An
input string is accepted by the grammar if there is a
path of transitions that corresponds to the sequence
of symbols in the string and that leads from a speci-
fied initial state to one of a set of specified final states.
ATN differs from a finite state automata in that it
permits recursion, so an ATN is a recursive transi-
tion network. Each nonterminal symbol consists of a
subnetwork that can be used to model the temporal
and spatial characteristics of semantic objects for im-
ages and video frames and of keywords for texts. In
addition, a subnetwork can represent another presen-
tation. Any change in one of the subnetworks will
automatically change any presentation that includes
these subnetworks. It is difficult to design a multi-
media presentation from scratch using today’s author-
ing environments. The subnetworks in ATN allow de-
signers to use existing presentation sequences in their
archives, which makes ATN a powerful model for cre-
ating a new presentation. This is similar to the class
in the object-oriented paradigm.

In ATNs based on the selections of users, an input
symbol is read and the corresponding conditions and
actions are used to pass control to the desired state so
the presentation can continue. Therefore, ATN allows
nested selections and merges for the scenario in Figure
1.

As shown in Figure 3, arc symbol V1 &7} in arc num-
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Figure 3: Augmented transition network with user in-
teraction.

ber 1 represents that V7 and 77 are displayed together.
The & symbol as defined in [5] denotes concurrent dis-
play. After V} and T are displayed, the control reaches
a state node named P, /V1&T). This state name means
that at this stage presentation P, finishes the display
of media streams V; and 7;. Then, two selection but-
tons B; and By on arc number 2 are displayed. The
control reaches a state node named P, /B1&Bs. If By
or B, is selected, then arc number 3 or arc number 4
is traversed, respectively. The control is done by the
condition/action table as shown in [4]. After By is
selected, arc number 5 is traversed and V5 and T, are
displayed. Otherwise, Bs is selected and V3 and T35 are
displayed. Then, arc number 7 or 8 is traversed. The
arc symbols are the same for both arc numbers 7 and
8, which will display V4 and Ty. Two selections then
merge at a state node named Py /V2&T5 or Py /V3&Ts3,
depending on the selection path that was previously
selected, and arc number 5 is traversed.

Through this example, we clearly show that an ATN
can model user interactions in a single framework, un-
like timeline models that need to have several timelines
to model the same situation.

4 Conclusions

In this paper, we proposed an abstract semantic
model, the augmented transition network (ATN), to
model interactive multimedia presentation systems.
By using the feature that allows each state node to
have multiple outgoing arcs, user interactions in mul-
timedia presentations can be modeled by the proposed
ATN model. Examples showing the difficulties and
overhead brought about by modeling user interactions
with the Timeline model and the OCPN model are
also presented in this paper. As we have shown, ATNs
have advantages over the Timeline and OCPN models
in modeling user interactions in multimedia presenta-
tion systems. Unlike the Timeline model, which needs
to use different timelines to model user selections, and
the OCPN model, which has difficulty in modeling user



selections, the ATN model can be used to model user
selections in a single framework. Therefore, the ATN
model is good to model applications which require a lot
of human interaction such as computer-aided instruc-
tion, multimedia document systems, digital libraries,
and video games.
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