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ABSTRACT

We develop an algorithm for the detection and classification of af-
fective sound events underscored by specific patterns of sound en-
ergy dynamics. We relate the portrayal of these events to proposed
high level affect or emotional coloring of the events. In this paper,
four possible characteristic sound energy events are identified that
convey well established meanings through their dynamics to por-
tray and deliver certain affect, sentiment related to the horror film
genre. Our algorithm is developed with the ultimate aim of auto-
matically structuring sections of films that contain distinct shades
of emotion related to horror themes for nonlinear media access and
navigation. An average of 82% of the energy events, obtained from
the analysis of the audio tracks of sections of four sample films
corresponded correctly to the proposed affect. While the discrim-
ination between certain sound energy event types was low, the al-
gorithm correctly detected 71% of the occurrences of the sound
energy events within audio tracks of the films analyzed, and thus
forms a useful basis for determining affective scenes characteristic
of horror in movies.

Categories and Subject Descriptors
H.3.1[Information Systems]: Information Storage and Retrieval—
Multimedia, Content Analysis and Indexing

1. INTRODUCTION

The manipulation of the sound track of afilm has adirect influence
on the aesthetic impact of the accompanying visual component of
the film. In this paper we examine certain characteristics in sound
energy dynamics that are manipulated within the sound tracks of
film, and examine the distinctive use of these characteristicsin story
telling and their impact on viewing experience. We term the occur-
rences of these characteristics within the film audio, sound energy
events. We analyze changes in sound energy of the non-literal com-
ponents of the audio tracks of films, namely sound effects and mu-
sic including silence. We confine our study of the characteristics
of sound energy dynamics at this time to horror films. Four types
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of sound energy events commonly used in horror films are identi-
fied. We hypothesise that the sound energy events correspond to
specific affect and certain symbolic meanings within the film. The
four proposed affects pertaining to examined sound energy events
are (i) surprise or alarm, (ii) apprehension, or the emphasis of asig-
nificant event, (iii) surprise followed by a sustained alarm, and (iv)
building apprehension up to aclimax. We have devel oped amethod
to detect the four affective sound energy events based on the energy
dynamics of the sound tracks of film. Related research in the area
of film audio analysis studies the detection of violent sounds in au-
dio [4] and the determination of scene transitions within film using
features of the audio track [5].

Thiswork was devel oped with asimilar aim to our previouswork [3]
of detecting and reliably classifying film scenes based on their au-
dio tracks. In particular, with the goal of automatically determining
whether or not the sound energy events are concentrated in those
scenes from horror movies that evoke in general horrific feelings
among the movie viewers, thus enabling the automatic identifica-
tion of these scenes within the film. The main contributions of this
work lie in the automatic detection of well established audio cues
or sound patternsin horror films to enable the subsequent analysis
of the relation of occurrences of these events to scene content as a
possible means of scene classification. Our work would also allow
comparative evaluation of the prevalent and successful use of audio
techniquesin films.

2. SOUND ENERGY EVENTS

The four sound energy events, which are characterised by specific
dynamics of the sound energy in the film audio, form the sound
event set used for the detection of the affect conveyed by the film
audio. The sound energy events are composed of varying periods
of attack, sustain, and decay of sound. The sound energy events
are depicted in Figure 1.

Sound Energy Event 1: Thisis characterised by alarge increasein
sound energy after a period of low sound energy, with a brief at-
tack time. The attack is followed by a brief or no sustained period
and subsequently by a decay in sound energy. This sound dynamic
typically evokes surprise or dlarmin ascene. Theinitial low sound
energy is used to develop tension, which is subsequently followed
by surprise, startling the audience using a sharp increase in sound
energy. Either sound effects or music are used to create this dy-
namic in sound energy.

Sound Energy Event 2: An increase in sound energy over a period
of time, characterised by a period of gradual sustained attack, for
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Figure1: Thefour proposed sound energy events.

example, agradual rising of the sound energy of the musical score.
The attack is followed by an extended period of sustained sound
energy. This sound dynamic is used to convey apprehension, or to
emphasise a significant happening in the scene.

Sound Energy Event 3: A large increase in sound energy after a
period of low sound energy, with a brief attack time. The attack
isfollowed by an extended sustained period of sound energy. This
sound event is similar to event 1, and is used to frighten the audi-
enceinitially. However, the period of sustained sound energy leads
to a different sound dynamic with theinitial surprise followed by a
period of sustained alarm.

Sound Energy Event 4: An increase in sound energy over a period
of time, characterised by a period of gradual sustained attack, for
example, agradual rising of the sound energy of the musical score.
The attack is followed by a decay period. This sound dynamic is
used to build apprehension up to a climax, at which point the sound
energy decays.

The symbolic meaning proposed for the sound events are sum-
marised in Table 1. The essence of the events is characterised
mainly by the attack phase of the sound. Energy events 1 and 3
are characterised by a sharp increase in sound energy, while events
2 and 4 are characterised by a more gradual, but sustained, increase
in sound energy.

Table 1: Associated affect and symbolic meanings for the four
sound ener gy events examined.

Sound energy event Affect conveyed/symbolic meaning
Typel Startle, surprise, alarm

Type2 Apprehension or the emphasis of an event
Type3 Surprise, followed by sustained alarm
Type4 Builds apprehension to a climax

3. DETECTIONOF SOUND ENERGY EVENTS

Audio tracks from mainstream horror movies were used in our
study.

3.1 Data

Data was extracted from sections of four films, The Mummy, Pitch
Black, Aliens, and Scream. Sections were manually selected from
each of the four movies, concentrating on horror scenes, which
were then concatenated to form continuous segments of audio for
analysis of the movies. The concatenated audio from The Mummy
and Pitch Black were split into two separate tracks. The duration of
the audio segments for The Mummy were 36:55 minutes and 9:01
minutes, 56:16 minutes and 24:45 minutes for Pitch Black, 38:22
minutes for Scream and 29:25 minutes for Aliens. The ground truth
was manually determined for each film sound segment by noting
starting and ending time indices for all the sound energy events

occurring in the segment that corresponded to various affect expe-
rienced by both watching the section and listening to the sound. All
sound segments were in 44.1kHz 16 bit mono wave sound format.
The Speech Filing System [2] was used to calculate a smoothed
energy envelope for each signal, the film audio segments, using a
hamming window of size 36ms. Due to the tempora coarseness
of the sound energy events to be detected the energy envelope was
averaged over 0.1s windows with no overlap in order to summarise
thesignal energy. The averaged energy envelope for each 0.1swin-
dow was then used as the sound energy for the input signal for the
determination of the sound energy dynamics.

3.2 Sound Energy Event Detection Algorithm
The algorithm to detect sound energy events consists of two stages.
Initially energy components of interest, such as sharp attack and
decay, are detected in the sound energy envelope in order to sum-
marise the sound energy dynamics. The summary of the dynamical
characteristicsisthen searched for occurrences of the sound energy
events of interest.

3.2.1 Computing Sound Dynamics

The dynamics of the sound energy are summarised by assigning
one of 7 component energy dynamic labels to each value, or sam-
ple, of the sound energy according to the energy dynamics of the
section. A section contains varying numbers of samples, 1 or more,
with the same sound dynamic component label, indicating the en-
ergy dynamics of the signal over aregion. For step edges the label
is assigned to a single sample. For the remaining dynamical com-
ponent labelsawindow of sampleswas used to determine the sound
dynamic behaviour over the window, assigning alabel according to
dynamics of the window. A tolerance is used to reject the classifi-
cation of awindow of samples if less than a certain % of samples
in the window meet the class label’s prerequisite conditions. The
window size and tolerance value used in the algorithm were deter-
mined through experimentation as discussed in Section 3.2.3. The
dynamical component labelsin order of decreasing precedence are:

Sep edge attack: Detected by using first derivative edge detector
to detect positive edges in energy [1].

Sep edge decay: Detected by using first derivative edge detector to
detect negative edgesin energy [1].

Sope attack: The sound energy is monotonically increasing over a
given window of the input energy envelope, with a degree of toler-
ance.

Sope decay: The sound energy is monotonically decreasing over a
given window of the input envelope, with a degree of tolerance.
Low sound energy: The sound energy over a given window is be-
low athreshold, with a degree of tolerance.

Sustained energy: The variance of the sound energy about the av-
erage energy of agiven window is below a given threshold.
General: Does not correspond to the above conditions.

3.2.2 Detecting Types of Sound Energy Events

Types of sound energy events are determined by searching the en-
ergy dynamics for the sound dynamic components that comprise
the events. For the detection of sound energy events, a window
used and is characterised by the dominant components in the win-
dow. The dominant component is either the step edge attack or
step edge decay, determined by which occurs first. If neither step
edge is present, the dominant component is determined among the
remaining components as one occurring as a mgjority.



Sound Energy Event 1: A period of low sound energy, followed by
a step edge attack or a single window slope attack, subsequently
followed by awindow of slope decay or step edge decay, within n
windows of the attack.

Sound Energy Event 2: Slope attack for a minimum of n windows,
followed by a period of sustained or general energy.

Sound Energy Event 3: A period of low sound energy, followed by
a step edge attack or a single window slope attack, subsequently
followed by a period of n windows of sustained sound energy.
Sound Energy Event 4: Slope attack for aminimum of n windows,
followed by awindow of slope decay or step edge decay, within
windows of the attack.

3.2.3 Determining Window Sze

The optimum neighborhood (window) size for the labeling of seg-
ment dynamics and for the sound energy event detection was de-
termined by running the detection algorithm on a sample audio
track taken from the The Mummy and comparing the results with
the manually determined ground truth. The best performance was
achieved using a window size of 9, corresponding to a window of
0.9s, with atolerance of 80%, and using a minimum of 2 windows
to detect the slope attack for sound energy events 2 and 3.

3.3 Sound Energy Event Detection Results
The algorithm was used to detect the sound energy events for the
audio segments detailed in Section 3.1. For each film, the true pos-
itives, false positives, and false negatives were determined. The
true positives (TP) are the sound energy events detected by the al-
gorithm that were confirmed by the ground truth also to correspond
to a symbolic meaning. The false negatives (FN) or misses cor-
respond to the ground truth symbolic energy events that were not
detected by the algorithm. The false positives (FP) detected by the
algorithm are split into two sets: The FP events detected by the al-
gorithm that display the sound dynamics of the events, yet do not
correctly exhibit the affect or the meaning that corresponds to the
energy event, are termed as negative affect events. The “other” cat-
egory of the false positives corresponds to sections of the film audio
that are erroneously detected as energy events.

Table 2 displays results for the automatic detection of the sound
energy events for each of the audio tracks analyzed.  While the
detection rates of the sound events varied significantly, from 61%
for track 1 of Pitch Black to 83% for the track 1 of The Mummy,
an average of 71% of the sound energy events determined in the
ground truth were automatically correctly detected.

Table 2: Resultsof automatic detection of sound energy events.

Movie TP | FN | FP: negative | FP: Other
affect events
The Mummy Trackl | 10 | 2 5 2
Track2 13| 7 2 0
Pitch Black Trackl 20 | 13 11 2
Track2 15| 4 1 7
Scream 241 9 5 2
Aliens 13| 6 10 12

Table 3 displays the accuracy in labeling the detected true positive
sound energy events as one of the four types with a confusion ma-
trix. The labeling accuracy of events 2 and 3 islow. However, the
majority of misclassification occurs between events for types 1 and
3, and events for types 2 and 4. While the detection of the attack
for each type is accurate, the misclassifications occur due to dis-
crepancies in determining the decay of the sound energy. A further

source of error liesin determining the ground truth, especially with
borderline cases where there is no absol ute distinction, particularly
due to the subjective nature of the affect associated with the sound
energy events. Thisis predominantly the case with types 1 and 3.

Table 3: Classification accuracy for the event type detection.

SoundEnergy Event | 1 | 2 | 3 | 4
1 24 1
2 2|13 13
3 20| 2 |13
4 7

Table 4 details the data support for the 4 sound energy event types
and their intended affect. Positive support is the sum of the true
positives and false negatives and negative support embodies the
number of negative events detected. Overall 82% of the sound en-
ergy events support the associated affect and the proposed symbolic
meaning. The high percentage of positive support for events, with
the exception of sound energy event 1, lends credence to to the
hypothesis that the sound energy events indicate affectivity. The
positive results for the first event are above 50%, which suggests
that the sound energy event may remain useful in detecting con-
centrated regions of the sound energy events that indicate horrific
affect in the film audio tracks.

Table 4: Data support for the sound energy events and their
affect.

Sound Event | Positive | Negative | Positive Support
Support | Support (%)

1 36 17 68

2 54 7 89

3 41 3 93

4 8 2 80

4, CONCLUSION

This paper proposes a method to automatically search the audio
track of film for affective sound events characterised by the dy-
namics of the sound energy of the audio. Four sound energy events
are proposed that correspond to specific affect and symbolic mean-
ing in films from the horror genre. While the sound dynamics that
characterise the sound energy events do not solely occur when the
proposed affect is present in the film, our experimental results from
film audio tracks show that the majority of the occurrences of the
sound energy events do coincide with the affect evoked.
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