Video summarisation based on the psychological content
in the track structure
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ABSTRACT

In this study, the method to summarise TV drama based on
the psychological unfolding is proposed. In past researches,
video summarisation has been achieved almost by way of
choosing representative frames in visual track and never
based on the mental side of video content. In this work,
the video structure which consists of audio & visual tracks
(actor’s utterances, BGM, background sound, effect sounds
and shots) is modeled and the track-structure-based video
summarization method is proposed. To extract the tem-
poral feature patterns of the track structure correspondent
with the specific psychological content, each tracks is first
quantified by calculating existence ratio etc., and second the
intra/inter track feature patterns are determined based on
empirical knowledges. The proposed method is implemented
and examined in the subjective experiment.

Categoriesand Subject Descriptors

H.3.1 Information Search and Retrieval]: Content Anal-
ysis and Indexing—abstracting method; H.4.0 [Information
Systems Applications]: General; H.1.2 [Models and
Principles|: User/Machine Systems—Human factors

General Terms

Human factors, Theory

Keywords
multimedia, video summarisation, track structure, TV drama,
time series pattern

1. INTRODUCTION

Digital broadcast is beginning, and many audio & visual
resources will be delivered to consumers in a few years. In
addition to efforts to produce multimedia contents, the tech-
nologies which provides consumers with capability of edit-
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ing, searching and summarising vast amount of multimedia
data grow its importance increasingly.

So far, many kinds of researches have conducted concerned
with video processing [1,2]. Rui et al. [3] categorized them
into four fields: namely video analysis, video representation,
video browsing and video retrieval. In the field of video sum-
marization, especially, as one of video representation above,
a typical strategy is extracting shots, followed by determin-
ing representative frames or tracking objects [4], indexing
them by some physical or semantic attributes, and provid-
ing description-based browsing and retrieving [5~7]. This is
so-called frame-based method. In another approach, object-
based method was proposed by Giinsel [8], it is not based
on the frame structure of video but on the wvideo object pre-
scribed in MPEG-4 standard.

Meantime, in the case of TV drama especially, since men-
tal unfolding is often more essential than behavior of ob-
jects, then it should be more effective for audience to matter
the key relevant to express mental unfolding in addition to
semantic elements. On the other hand, past studies have
mainly focused on only visual content of multimedia data
except for several studies [7,10~12], and audio track, es-
pecially speech of actors, has been used as just a sort of
captions before, it has never been related to mental content
of video.

From the viewpoint of the physical aspects of video, TV
drama is produced based on mainly two factors of montage
(editing components) and mise-en-scene (studio sets) [9],
then it can be assumed that montage corresponds with com-
bination and arrangement of track structure (cutting, incor-
porating BGM and sound effects etc.) and it contributes
to produce psychological unfolding of drama video. Though
object-based and frame-based approach in past studies treated
result of montage indirectly, track-structure-based approach
will more directly describe the psychological content of drama
video. As mentioned by Vasconcelos [9], the emotions of the
audience is related to the physical structure of a TV drama
which is consciously structured by the movie makers in or-
der to express some psychological unfolding with personal-
ities of character’s and emotion, therefore it also seems to
be suitable for modeling mental perception of the audience
fundamentally.



In this work, a video summarization method is proposed and
implemented by formulating montage correspondent with
the emotions of the audience. It is newly based on the men-
tal content of drama video. In the following section, the
track structure is mentioned and the objective summariza-
tion strategy is presented in Section 2 and 3. The proposed
method is implemented and examined in Section 4, followed
by conclusion with future work in Section 5.

2. THEORY

2.1 Structureof TV drama

The physical structure of TV drama video can roughly be di-
vided into visual component and audio component. The vi-
sual component has been focused on in most past researches,
through the hierarchical model of wvideo - scenes - shots -
key frames - objects - segments when describing the spatial
features such as shape and geometrical information of the
object and the temporal features such as the trajectories of
the moving object. Saraceno [10] used audio track as the
support of cut detection based on the difference energy of
the luminance between adjacent frames for video news and
advertisements, while the proposed method enthusiastically
takes advantage of audio channel for TV drama summariza-
tion. The physical tracks of a TV drama is illustrated in
Fig.1. The visual component is represented by shot track
alone here, which are caused from camera works, and the
audio component is divided into four tracks, namely speech
by actors, background sounds, effect sounds and BGMs. Pic-
ture effects such as ’dissolve’ in shot boundaries are observed
but the middle point of the transitional part is simply re-
garded as the cut point here. In terms of the definition of
each tracks, the music as the mise-en-scene (in the studio
set) is not considered as BGM, but the music superimposed
on the video is defined as the BGM. In such superimposed
sounds, those which don’t have any melodies and rhythms
are defined as effect sounds. Audio components which don’t
belong to anything above are grouped as the background
sound.

This track structure model is considered from the viewpoint
of montage components related to the psychological unfold-
ing of drama video, so it is not clear whether it is sufficient
to describe the physical aspect of various kinds of drama
video, and to apply it to other sort of video such as TV
news. It is intended to include all components which can be
considered important for the time being.

2.2 Acquisition of the relation information
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Figure 1: Track structure of the drama video
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Figure 2: Track-structure-based video summariza-
tion
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Figure 3: How to choose representative frames

In this study, each local track structure of video sequence is
related to its psychological impression (climax, tense and so
on). This relation information is applied to put the weights
on scenes in drama, and the candidate frames of digest video
are determined based on the weights.

3. TRACK STRUCTURE BASEDVIDEO SUM-
MARIZA TION

3.1 Observation of track structure
Fig.2 and Fig.3 shows the outline of the proposed system.
It is assumed that each tracks are provided individually
as standardized in MPEG-4 (AV objects). Then the track
structure is extracted manually in this paper.

Based on the assumption that temporal distribution of whether
each track exists or not is treated as the only one factor by
which the audience affected about the psychological impact
of the scene, accordingly quantification indicated in Fig.3 is
conducted here.

3.2 Determination of representatve frames
Quantification in 3.1 means to encode or to parameterize
the track structure into time sequential patterns, in other
words, one dimensional vector on the temporal axis. In this
section, the feature patterns correspondent with psycholog-
ically important places are determined based on ‘rules of
thumb’ mentioned below;

Shot: Frequent cutting produces strong tense impression
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Figure 4: Example of determined representative
frames (‘Dangerous relation’)

Speech: The beginning (topic presentation) and the end
(topic conclusion) of a frequent part is important

BGM: Just before moving from non-BGM to BGM is im-
portant (coloring neighboring scenes)

Effect sound: Effect sound adds importance by its exis-
tence.

By the way, there are definitely some interaction among
tracks in convention about montage, it is necessary to deter-
mine the empirical rules for combination of track patterns
based on conventional knowledge. In this study, however,
it will be achieved after the 1st step of clarifying the role
of each tracks for montage in terms of psychological direc-
tion. On the other hand, it is, of course, supposed that not
only combination of intra-track rules but inter-track rule is
originally significant, so they must be investigated simulta-
neously.

4. IMPLEMENT ATION

In this section, the proposed video summarization method
is examined for two instances of Japanese trendy dramas,
‘Dangerous relation’ and ‘Neighbor smiles suspiciously’.

4.1 Determinedrepresentatve frames

First, the track structure illustrated in Fig.1 was extracted,
then each 4 one dimensional on/off patterns (black part of
Fig.4) was quantified to a time series parameter based on the
features mentioned in 3.2. Next, the representative frames
were determined in each tracks (white part of Fig.4). In shot
track for example, the standard deviation o is calculated for
the frequency histogram and 3o is determined as the thresh-
old that if the number of cuts excess it, it can be judged cuts
occur statistically frequently in the neighbor and tense place.
Determined representative frames (5 seconds from it) based
on such ‘rules of thumb’ in each tracks are shown in Fig.4 su-
perimposed on the extracted track structure(A drama video
of 45 minutes length is depicted in 5 banches (9 minutes in
each banches), 1 banch consists of 4 track mentioned be-
fore), and each top frames are shown in Fig.5. In Fig.5, an
example in case of being based on shot track is indicated,
in which audio tracks are accompanied with each truncated
clips.

4.2 Resultof video summarization

The full time length of each TV drama piece is 44’28” (Fig.4)
and 43’127 respectively. Accordingly, concerned with the
length, it was reduced remarkably as indicated in Table 1.

In the case of making digest video, which is a consumer
aimed technology, it is naturally necessary to evaluate this
method by statistical approach through a subjective evalu-
ation expriment. Accordingly the proposed method is com-
pared with a past simple strategy in the following section
concerned with this viewpoint.

4.3 Comparisonwith another method

As a competitor, a method in which frames at fixed intervals
of 606 and 1178 frames respecitively are gathered as the
representative frames is chosen. It is denoted as DEF like
in [12] while the proposed method is denoted as T'SB (Lrack-
Structure-Based method). These intervals are so determined
as to become totally the same length as the digests made by
TSB.

The subjective experiment was conducted, in which 5 stu-
dents watched two digest video without being informed which
TSB was, and answered better one and evaluated about fol-
lowing points; namely 1) how it retains original contents,
2) naturality of truncation and 3) correlation with scene
boundaries (meaningful unity).

From the result of subjective evaluation, it was clarified
that 1)TSB retains drama content well than DEF, 2)TSB
roughly extracts scene boundaries, nevertheless it simply
extracts frames at which cuts statistically frequently oc-
cur, and 3)DEF truncates disagreeable points than TSB,
it causes in giving an impression of unnaturalness and con-
fusion. Moreover, in spite of DEF shows more number of
frames than TSB in the same total length (Fig.5), it doesn’t
contribute to retain the psychological unfolding and density
as a result.

5. CONCLUSION

In this paper, the method to digest 1'V drama based on
the psychological unfolding was proposed and implemented.
The structural model of a TV drama was mentioned, and the
quantification method to describe temporal features of each
tracks and how to select the representative frames was pre-
sented. As the result of implementation, it is indicated that
the proposed method is able to retain psychological unfold-
ing and scene boundaries in addition to reducing temporal
length.

This summarization method is innovative from the view-
point that it treats mental side of multimedia content, and
it is fundamental for audience with very simple algorithm
and little computational cost. Besides it proposed a new
basis in addition to the frame-based and object-based ap-

Table 1: Result of video summarization
drama# | shots speech BGM effect sounds
dange~1 | 3’107 2’557  5’55” 0'15”
neigh~2 | 1’507 240" 4’407 7147




Figure 5: An example of determined representative frames (‘Dangerous relation’)

proach, the track structure based approach.

In the future work, in addition to polishing intra-track rules
up, inter-track rules are necessary to be developed. More-
over, it is effective to implement it in the form of a plug-in
working in EPG system.
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