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Extended Abstract

We address the problem of indexing broadcast audiat documents (such as films, news). Startingifro

a collection of so-called shots, we aim at buildiagtomatically high level descriptions of subsetdhos
collection, that can be used for annotating, indexiand accessing the document. We propose to
represent documents and high level descriptions vifie framework of description logics, enrichedtwi
temporal relations. We first define the problemaaslassification problem. We then propose an altguori

to automatically classify sub-sequences of shasell on a bottom-up construction of descriptionsgs
the rule mechanism of the CLASSIC system.

1. Introduction

This study takes place in the field of audioviswkdlcuments indexing. By audiovisual documents, we
mean essentially video or film programs. Indexirsgunderstood here in a very general sense, as the
operation which allows whole or part of a documémtbe the result of a request. In practice, thaégo
from simple methods such as associating a few kegiwawvith the whole document to much more
sophisticated ones, such as describing deeply ardent, for example with conceptual graphs [1].

1.1 Temporal documents

A specific characteristic of all audiovisual docunte is their temporal dimension. This temporal
dimension has two sides: the multi-layered aspédiocuments, and their structural aspect.

1.1.1 Documents are multi-layered

The various information concerning audiovisual doeunts may be organized in a multi-layered structure
Each layer contains temporal information concerrangarticular aspect of the document. The mostdasi
layer is theshot layer,which is basically the segmentation of the audiagisdata into a set of discrete
temporal objectsShots are usually considered as the smallest syntagits of film language [2]. Shots
may be defined as what is filmed during one rurtteé camera, without edit. However, a most intaregt
information for indexing and understanding docunseist the transition between shots. it means a
brutal transition between two shots: the last imagehe first shot is immediately followed by thédt
image of the second one. It can therefore be repmesl as a temporal objet with no duration (an ¢ven
Gradual transitions, such adade (in or out), dissolve etc, are represented as standard temporal objects
intertwined between two shot objects.

Other typical layers are: the dialog layer for repenting dialogs between characters. Yet another la
may be used for representing appearances of clemsamh screen, and so forth (see Figure 1).

The information contained in each layer is typigallerived from analysis algorithms. It is importaiot
notice that some extraction algorithms may be ekada priori, such as the detection of shot transitions
[3]. Other algorithms need contextual informatiosych as face detection. In the first case, some
algorithms may be too costly to be executed onwiele document. This is the case for example fat te
extraction, where the document as to be firstlyrsegted in time and space.
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time
'
Dialogs [wr.smith | | Mr. Smith | Mr. Jones |
Characters | Mr. Smith | [ Mr Jones |
on screen [ Mrs Jones |

i Slololobelolo |

’ gradual transition

Figure 1: example of multi-layered description

1.1.2 Structured documents
The second aspect of audiovisual documents is thierarchical nature. In most cases, a documentineay
split into successiveequences which are in turn split irdbots(see Figure 2).

<

sequence 1] [ sequence 2 (..r)
__——

shot 1 shot 2 shot 3 shot 4 shot 5 shot 6

Figure 2: hierarchical structure

Usually, TV researchers know more about documeaits] can classify them intdocument typesor
instance, the newscast of CNN at 8pm, specificosits, variety shows, western movies, etc. Within one
specific document type, documents share severalackexistics, such as film sets, news readersher t
organization of shots or sequences over time. kanwle, the temporal structure of some particulews
programs could be described general as an alternation oih setssequences anceport sequences,
where in sets sequences are composed for exammgllashots (no camera motion) of the news reader
(say Mr. Smith) separated by cuts, with the logdle channel in the top right corner of the screen.

1.1.3 The taxonomy of film events

We claim that there exists a taxonomy for some @pts of film, and that some (partial) formalizatioh
this taxonomy may be given. A simplified taxonomiytcaditional transition (punctuation) effects betan
two shots (from [4]) is shown Figure 3.

punctuatio
effect
gradual
transior]
fadd wipe | dissolve

[fadein| | fadeodt [withline| [withoutline |

Figure 3: taxonomy of punctuation effects
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If we consider only subsets of the taxonomy wheote rfillers can be automatically extracted from the
signal (as color histograms) it is important to icetthat some parts of this taxonomy are entirede up
with primitive concepts, i.e. that no classification process aamign to an instance a position in the
hierarchy. In the example above, an algorithm matedt a shot transition asgradual transition and
then refine the description tade in However, concerning for example camera motiomsakgorithm is
unlikely to classify a camera motion pan, and then refine the descriptionpan right

1.1.4 Classification of temporal segments

The relative disposition of elements within a layaay convey some signification. For instance, imgo
contexts, a gradual transition between two shotg signify a transition between two sequences.

[5] proposes general rules to group shots into segaes. One of these rules specifies that a gradual
transition surrounded on each side by at leastettuets is likely to be a sequence transition. le th
example of Figure 1, according to this rule, thésea sequence limit between shots 4 and 5. Thid sho
transition may be classified as « sequence limit ».

In order to describe meaningfully the documentyeats of different layers are to be taken accobot.
example, in the example of the Figure 1, a TV reskar might be interested by a shot where Mr. Sngth
speaking during the whole shot, say, in sight ohgshis shot for a documentary about Mr. Smith.oBh
number 3 meets these requirements. Thus, this stegt be classified under a concept «shot of Mr.
Smith talking». It is important to note that thesencepts may be consideredsgecialization®f the basic
concepts of the taxonomy of film events (sectioh.3).

2. Using DL for analysis

Structural analysisis the process that yield the temporal structuretteg document, from the initial
audiovisual document and the various layers coimgiradditional information on the document. This
process is of course made easier when the docutyieatis knowna priori (which is most often the case),
since the document type is associated with generigporal structures, as seen in the preceding@ecti
We claim that the structural analysis of an audsowdl document may be seen as a classification gsce
This involves 1) representing generic temporal &inees for documents types (see section 1.1.2),23nd
devising an algorithm to aggregate primitive filnvemts and classify them according to these generic
temporal structures.

2.1 Description Logics and temporal classification

Description logics are knowledge representationglaages; they allow to represent knowledge in a
structured way by separating definitionsafnceptgterminological representation systemTdrox from
description ofindividuals(assertional representation systenAbiox. Concepts are sets of individuals and
roles represent binary relations between individualsn€pts and roles descriptions are organized in
hierarchies with thesubsumptiorrelation [6]. Several description logics systems available; the ideas
proposed in this paper are implemented with the SISAC system [7].

Various works have been conducted to classify terajpstructures, mainly in the field of plan recogan.

[8] and [9] propose to extend the notion of substiom to plans, while [10] propose a formal language
for reasoning about time and action. However, theseilts are difficult to apply in our context berse
we have only partial descriptions of the generahperal structure of type documents. This temporal
structure is made of with several « plans » whictlyaapply locally on a portion of the document. T3)ut

is not knowna priori what segments may intervene in what plan. Morepwame segments may
participate in several plans at once.

2.2 Film events as concepts

It is natural to represent film events in our taxony as concepts in the sense of description lodtcs.
instance, the concepts of a shot of the news reawldhe example illustrated by the Figure 1 may
represented by a CLASSIC concept as follows:
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(define-concept ‘READER-SHOT ( and
SHOT
(exactly 1 character-on-screen)
( fills camera-motion still)
( at-most 1 character-speaking)
( all transition-to-next-shot CUT)
( all transition-to-previous-shot CUT)

)

As we can see, the CLASSIC concept represents agrt of the information : the temporal structise
not expressed. For instance, the concept definiabove doesn’'t specify temporal relations between
character-on-screemnd character-speakingThis is essentially due to the limitations of thescription
logics formalism. We propose to represent this dtite using the rule-based inference mechanism of
CLASSIC.

2.3 Grouping temporal units

In order to have some temporal segment classifeeda shot of the news reader, illustrated in secti
1.1.4, one must first express this segment as abawation of some other segments. We express this
combination as a grouping rule.

2.3.1 Structure expressed as grouping rules

The structure of the document is expressed as gngupiles which aggregate temporal forms of lowdev
into temporal forms of higher levels. We have id&at two main categories of grouping rules. In tirst
category, rules aggregate two instances of twardistoncepts into one instance of a concept ofghér
level. In the second category, rules aggregate Maimces of the same concept into one instance of a
concept of a higher level.

In order to define these rules, we need to define toncept TEMPORAL, which represent temporal
intervals. This concept is defined as follows :

( define-concept ‘TEMPORAL ‘( and
( exactly 1 begin)
( all begininteger)
( exactly 1end)
( all endinteger)
(< begin end)))

The general form of rules of the first category is:
ClrRC2 G 1)
with:
C1, C2 temporal concepts (inheriting from TEMPORAL)
R : temporal relation
G : concept inheriting from TWO-TEMP-GRP, grouptefo temporal instances, defined by:

( define-concept ‘TWO-TEMP-GRP ‘( and
TEMPORAL
( exactly 1 first-temporal)
( all first-temporal TEMPORAL)
( exactly 1 second-temporal)
( all first-temporal TEMPORALY)))

The general form of rules of the second category is
CR G 2
with:
C : temporal concept
R : temporal relation
G : concept inheriting from TEMPORAL-SEQ, sequenoégmporal instances, defined by:

(define-concept  ‘TEMPORAL-SEQ‘( and
TEMPORAL
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( at-least 2 element)
( all element TEMPORAL)))

Some sub-categories have to be defined for eadhetwo main categories, in order to specify how to
instantiate the resulting concef®. There are several ways to precise the role llef the resulting
concept: that can be the common values of one vehy of the premise concepts, the value of one
particular role of one particular premise concethte most specific generalization of values of one
particular role, etc.

2.3.2 The need for a temporal logic
The rules expressed above mention temporal conssréetween temporal intervals: Mr. Smith talking
during Mr. Smith on screen, for example. In order to regent these temporal constraints, we need a
formalism to represent temporal relations. The chodf this formalism is important ; it must ensuae
good compromise between expressiveness and tréigtabi
XXXDire pourquoi Allen de base ne marche pas...
In our case, we propose to choose the temporal inm@sented by [11] Pointizable Interval Algebra —
which is based on the interval algebra of Allen 12 this model, disjunctions of Allen basic reians are
transformed into conjunctions of constraints on timinds of these intervals. Only a subset of Allen
interval algebra may be expressed in this way. &@mple, the temporal relation

A { befored meetd]overlap$ B
is transformed to:

begin(A) < begin(B)

end(A) <end(B)
but the relation:

A { before after} B
has no equivalent.

2.3.3 A strategy for grouping segments

The principle of grouping presented here is basedhe rule-based mechanism offered by CLASSIC. In
CLASSIC, it is possible to associate rules to aaspt definition. These rules are triggered eactetam
instance of this concept is created. XXXTu dis 5fta méme phrase...

When an instanca of the concept A is created, the rule is triggeredour case, for the rule ARB G,
the rule consist in searching all instandg®f the concept B such th&i R a. a andb; are then grouped
together in a new instance of G.

3. Conclusion

We have defined the problem of indexing audiovisdalcuments, and have shown that it involves
classifying temporal structures using multi-layeiatbrmation. The classification problem is madesav
more complex by the fact that only subsets of thi#ial temporal structures must be classified, dhait
these subsets are not known a priori.

We have presented a method in the framework of idgon logics, to retrieve temporal structure of
audiovisual documents by expressing temporal stnedypes as grouping rules of temporal concepte T
implementation with CLASSIC of the ideas expressddve is in progress, and shows the validity of our
approach on small examples. Some work is leftdomharticularly to identify useful sub-types of gnoing
rules, and ensuring that the approach may be usaéa world, full size documents.
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