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CHAPTER 3 

Feature Extraction 

3.1 Introduction 

Critics and scholars categorize movies into three main styles: realism, classicism, and 

formalism.  Rather than separate categories, these three styles might be regarded as a 

continuous spectrum of possibilities.  Realism and formalism are general terms used to 

describe the movies falling into the two styles’ extremes, while classicism can be viewed as 

an intermediate style that avoids the extremes of realism and formalism.  In other words, few 

films are exclusively formalist or realist in style [8]. 

Realistic movies are unapparent in style.  What realism directors concern is how to 

reproduce the surface of reality with little distortion and make their films seems 

unmanipulated [8].  Such filmmakers use the camera, as a recording mechanism, to describe 

the subject matters with as little commentary as possible.  They care “what is being shown” 

rather than “how it is manipulated.”  Some realists aim for rough look in their movies.  

Simplicity, spontaneity, and directness are the highest rules. 

Formalistic films, on the other hand, are relatively flamboyant in style.  Formalism 

directors are referred to expressionists because their self-expression is at least as important as  
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the subject matter itself [8].  They prefer to express subjective experience of reality.  The 

camera is used to comment on the subject matter, and emphasize its essential rather than its 

objective nature. 

Nowadays, few films are absolutely realistic in style.  Most directors use the camera to 

comment on the subject matter.  Even is the famous documentary “Let It Be”, the key reason 

of people are toughed is how the director present the protagonist’s character. 

As we have stated in Chapter 1, film grammar explains the relationships between many 

cinematic techniques and their semantic meanings delivering to viewer.  A director’s 

expression is conveyed through film grammar. 

In film, the basic film grammar is defined as follows.  A film is composed of many 

scenes, and a scene consists of many shots.  A scene is defined as a meaningful story unit 

while a shot is defined as a stream of many frames continuously recorded by a single camera.  

Based on how many subject matters or human figures are included within the frame of the 

screen (not the distance between the camera and the object photographed), most shots can be 

designed and subsumed under the six basic categories: (1) the extreme long shot, (2) the long 

shot, (3) the full shot, (4) the medium shot, (5) the close-up, and (6) the extreme close-up.  

As showed in Table 3.1.  Figure 3.1 shows the illustrations of shots. 

 

 



 9

Table 3.1: Six basic categories of shots in cinema [8]. 

Shot Description 

 Extreme Long Shot 

The extreme long shot is taken from a great distance, 

sometimes as far as a quarter of a mile away.  It is also called 

“establishing shots” because of being taken at the exterior 

space, and serve as spatial frames of reference for the closer 

shots. 

 Long Shot 

Usually, the distance of long shot is between the audience and 

the stage in the live theater.  The closest distance in long shot 

is equal to full shot that just includes human body in full, with 

the head near the top of the frame and the feet near the bottom. 

 Full Shot 
The distance of full shot is between medium shot and long 

shot.  A full shot contains over three figures. 

Medium Shot 

The medium shot contains a figure from the knees or waist up. 

It is also called “functional shot”, useful for shooting 

exposition scenes and for dialogue. 

 Close-Up 

The close-up emphasizes little on the background or external 

location, but on a relatively small object - the human face, for 

example.  The close-up shot enhances the importance of 

things, often suggesting a symbolic significance by enlarge the 

size of an object. 

 Extreme Close-Up 

The extreme close-up is a variation of close-up.  Therefore, 

the extreme close-up might show only a person’s eyes or 

mouth instead of a face. 
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Figure 3.1: Illustrations of six kinds of shots in cinema. 

 

3.2 Emotion Discovery from Scenes 

Based on the film grammar, some audiovisual features extracted from films are helpful for the 

emotion discovery.  The relationship between audiovisual features and emotions is close in 

films.  To automatically label the emotion for the query scene, the association between 

audiovisual features and emotions in films is discovered from training data (scenes).  

Training data has been labeled of emotions manually.  Audiovisual features are extracted 

from training data.  By using these extracted audiovisual features and labeled emotions from 

training data, the association between audiovisual features and emotions will be discovered 

(as Figure 3.2).  The discovered association is therefore utilized to label the emotion for the 

query scene automatically. 

close-up medium shot 

full shot long shot extreme long shot 

extreme close-up 
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Figure 3.2: Association discovery of scenes. 

 

The audiovisual features we adopted consist of several classes of visual features (color, 

light, tempo, and close-up), one class of audio feature (audio), and one class of textual feature 

(textual).  Each class of feature may have more than one feature representation.  In total, 

there are fifteen feature representations which are shown in Table 3.2. 

 

3.3 Visual Features 

Visual features include four classes of features – color, light, tempo, and close-up. 

Color Class 

People are often influenced by color in the subconscious.  Psychologists have 

discovered that most people actively try to interpret the lines of a composition, but they accept 

color passively, permitting it to suggest moods rather than objects. 

Scenes

 

Emotion Discovery 

 

Audiovisual Features 

Emotions 
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Table 3.2: Audiovisual features in our work. 

Types Classes Feature Representations 

Movie Palette Histogram (MPH) 

Mood Dynamics Histogram (MDH) 

Family Histogram (FH) 
Color 

Dominant Color Ratio (DCR) 

Light Lightness 

Shot Length (SL) 
Tempo 

Number of Shots Per Minute (NSPM) 

Close-Up (CU) 

Visual 

Close-Up 
Close-Up Ratio (CUR) 

Zero-Crossing Rate (ZCR) 

Spectral Roll-off point(SR) 

Spectral Centroid (SC) 

Spectral Flux (SF) 

Audio Audio 

Mel Frequency Cepstral Coefficients (MFCCs) 

Textual Textual Feeling words in subtitles 

 

Visual artists have used color for symbolic purposes for a long time.  Though Color 

symbolism is dependent on cultural, in general, cool colors (blue, green, violet) tend to 

suggest tranquility, aloofness, and serenity.  Warm colors (red, yellow, orange) suggest 

aggressiveness, violence, and stimulation [8].  “Life is beautiful”, for example, the movie 
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starts from funny scenes, the color is bright and warm, but when the massacre begin, the color 

of movie starts receding from images. 

In the color feature, we adopt four color representations used in [23] - Family Histogram 

(FH), Movie Palette Histogram (MPH), Mood Dynamics Histogram (MDH), and Dominant 

Color Ratio (DCR).  We modify them as follows,  

 Family Histogram: It is a shot level feature, defined as the color histogram of a shot’s 

key-frame.  One key-frame is used to represent one shot. 

 Family Histogram kH of the shot k: 
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 where ),( yxPix  is the pixel value of position ),( yx  in the key frame of the shot k ;  

i  is a bin number in CIELUV color space, i  = 1 ~ 264;  

 

 Movie Palette Histogram: MPH is a scene level feature.  It is defined as the color 

histogram of twelve reference colors in one scene.  Main colors of a scene can be captured 

from MPH. 

1) Before computing MPH, we first compute Dominant Color Palette :  

)(kDCP of the shot k,  

],,[)( 321
kkk PPPkDCP = , for k  = 1 ~ N.  N is the number of shots in the scene. 

where kP1 , kP2 , kP3  are the three bin numbers of corresponding top three dominant 

colors in histogram kH . 
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 where Th : 0~1, a fixed threshold.  

 

2) After computing Dominant Color Palette, we can get dominant color bin counts : 
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 where Th : 0~1, a fixed threshold. 

 

3) Based on dominant color, Representative Dominant Color Sequence for the shot k , 

)( kRDCS , is defined as: 
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   for k = 1 ~ N, and l  = 1 ~ 3. 
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4) Next, we get Movie Palette (MP): 

 }]))(,)(([min{arg)(
12~1)(

mRkRDCSdiskMP
mmR =

=  , for k = 1~N 

)(mR : Pre-defined colors, which uniformly divide the CIELUV color space,      

m = 1 ~ 12. 

*)(*,dis : The distance between two colors, is defined as Euclidean distance. 

 

5) Finally, MPH is derived from MP: 
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where N is the number of shots in the scene. 

 

 Mood Dynamics Histogram: MDH is a scene level feature.  Color transitions between 

shots may lead to mood dynamics [19].  We acquire MDH from the statistics of color 

transitions in movie palette. 
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  for  m1 = 1 ~ 12, m2= 1 ~ 12, where N  is the number of shots in the scene. 
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 Dominant Color Ratio: Dominant color ratio is a shot level feature.  While MPH signifies 

main colors, DCR indicates the degree of influence of main colors in a shot.  In other 

words, the higher DCR the shot has, the more representative the main colors are in this 

shot. 

 Dominant Color Ratio : 
||
||

P
PDCR d=  

where dP  is the set of dominant color pixels, and P is the set of all pixels in a frame. 

 

Light Class 

Light and dark have had symbolic meanings from the dawn of humanity.  Light 

suggests security, justice, and joy.  Dark, however, is borrowed to suggest fear, evil, and the 

unknown.  There are various styles of lightings according to different themes and moods of 

films.  In general, comedies tend to be lit in “high key” with bright and little shadows.  

Mysteries and thrillers are generally in “low key”, with diffused shadows and atmospheric 

light.  Tragedies are usually lit in “high contrast” with harsh shafts of lights and dramatic 

streaks of blackness. 

 Lightness: Lightness is the only representation of the light feature.  Lightness is defined as 

the average luminance of the shot’s key-frame. 

 

Tempo Class 

From the cinematographic perspective, the pace is manipulated to great effect by editing 

effects like cuts.  As each shot conveys an event, the filmmaker can intensify a scene by 
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increasing the event density via rapid shot changes [34].  To the viewer, rapid shot changes 

capturing the main action from different angles certainly convey the dynamic and 

breathtaking excitement far more effectively than a long duration shot [1] [27]. 

The tempo feature consist of two representation, Shot Length (SL) and Number of Shots 

Per Minute (NSPM), defined as follows, 

 Shot Length: Shot length is defined as the number of frames in the shot. 

 Number of Shots Per Minute: NSPM is a scene level feature, defined as the number of 

shots per minute in the scene.  The more shots one scene has in a minute, the more excited 

the audiences feel. 

 

Close-up Class 

It is essential for a filmmaker to concern what kind of shot to use to convey the action of 

a scene.  When we see a close-up of the character, it implies that the filmmaker forces us to 

care about him or her and to identify with his or her feelings.  If the character is a villain, the 

close-up shot can make an emotional revulsion in us.  For example, when a threatening 

character is so close to us, he seems to encroach on our space. 

Generally speaking, the greater the distance between the objects and the camera, the 

more emotionally neutral we remains.  One of Chaplin’s most famous pronouncements is 

“Long shot for comedy, close-up for tragedy”.  This principle appears to make sense for 

when an action “a person is slipping on a banana peel” is close to us, it’s hardly funny 
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because the person’s safety will become our first concern.  But if we see this event from a 

greater distance, it seems to be a comical act to us. 

The close-up feature comprises Close-Up (CU) and Close-Up Ratio (CUR) 

representations. 

 Close-Up: it describes whether the shot is a close-up.  Close-Up for shot k: 
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 Close-Up Ratio: CUR is a scene level feature.  Because the audience have an inclination 

toward identification with the character in a close-up, close-up ratio may be helpful in 

determining emotion of the scene.  CUR for the scene S is defined as follow: 

 
SinshotsofnumberTotal

SinupcloseofnumberTheSCUR −
=)(  

 

3.4 Audio Features 

Sound plays a very essential role in films.  In sound, sound effect and music are the most 

influential on the audience emotion.  Famous director Akira Kurosawa had said “Cinematic 

sound is that which does not simply add to, but multiplies, two or three times, the effect of the 

image.”  Although the emotion of audience is usually governed by sounds in films, they are 

often not aware of it. 
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Sound Effect 

Sound effects can be precise source of meaning in film.  The pitch, tempo, and volume 

of sound effects strongly arouse various emotions of the audience.  As high-pitched sounds 

are usually strident and create a sense of tension, they are often employed in suspense scenes 

especially just before and during the climax.  Low-frequency sounds, on the other hand, are 

usually used to emphasize the grandeur or solemnity of a scene as their heaviness and fullness.  

In addition, low-pitched sounds can also suggest anxiety and mystery.  For example, usually, 

a suspense sequence usually borrows the low-pitched sounds first, and gradually turns the 

sounds to be high-pitched as the scene moves toward its climax. 

This is not absolute principle though for silence can be powerful sometimes.  In sound 

movies, complete silence for few minutes or even few seconds can suspend the audience and 

draw their considerable attention.  Moreover, as we tend to fear what we can’t see, the 

filmmakers sometimes prompt a sense of terror in the audience by using off-screen sound 

effects in horror or suspense films. 

 

Music 

In general, music with lyrics is pretty influential since music itself and words convey 

meanings.  However, accompanied with film images, music, no matter with or without lyrics, 

can be more specific.  The theme of a film is usually implied from the cinematic music in the 

opening.  If the filmmaker does not provide the audience with a scene for the dramatic 

climax, music serves as a foreshadowing.  Such hint as Hitchcock, following anxious music, 

can be one of the warnings to the audience to be prepared.  Directors sometimes mislead the 
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audience deliberately by using false musical warnings.  Similarly, we can tell actors’ internal 

emotion by music when actors are required to assume neutral expressions. 

We exploit five audio feature representations that are widely used for audio classification 

and speech recognition. 

 Zero-Crossing Rate: ZCR is a basic acoustic feature that is defined as the number of times 

the signal value crosses the zero axis in time domain within a frame [29].  ZCR is proved 

to be useful in characterizing distinct audio signals.  It has been popularly used in 

speech/music classification algorithms [18].  As shown in Figure 3-3, periodical sound 

tends to have a smaller value of ZCR, while noisy sound tends to have a higher value.  

Table 3.3 shows the twelve statistics of ZCR in our work. 

 

 

 

Figure 3.3: Zero-crossing rate during voiced speech region (left, ZCR = 432) and unvoiced 

speech region (right, ZCR = 7150) [26]. 
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Table 3.3: Zero-Crossing Rate statistics. 

 Name Num of Values

1 Zero-Crossings Overall Average 1 
2 Zero-Crossings Overall Standard Deviation 1 
3 Derivative of Zero-Crossings Overall Average 1 
4 Derivative of Zero-Crossings Overall Standard Deviation 1 
5 Running Mean of Zero-Crossings Overall Average 1 
6 Running Mean of Zero-Crossings Overall Standard Deviation 1 
7 Standard Deviation of Zero-Crossings Overall Average 1 
8 Standard Deviation of Zero-Crossings Overall Standard Deviation 1 
9 Derivative of Running Mean of Zero-Crossings Overall Average 1 
10 Derivative of Running Mean of Zero-Crossings Overall Standard Deviation 1 
11 Derivative of Standard Deviation of Zero-Crossings Overall Average 1 
12 Derivative of Standard Deviation of Zero-Crossings Overall Standard 

Deviation 
1 

 

 Spectral Roll-off point: spectral roll-off point is the frequency below which 95th percentile 

of the power in the spectrum resides [30].  This is a measure of the "skewness" of the 

spectral shape - the value is higher for right-skewed distributions [30].  SR can tells voiced 

speech from unvoiced speech as unvoiced speech has a high proportion of energy contained 

in the high-frequency range of the spectrum, while most of the energy for unvoiced speech 

and music is contained in lower bands of spectrum.  Table 3.4 shows the twelve statistics 

of SR in our work.  Figure 3.4 shows the energy spectrum (cumulative energy) along 

frequency with 95% spectral roll-off frequency.  The spectral roll-off value for a frame is 

computed as follows: 
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  E[f] is the energy of the signal at the frequency f. 

fMAX is the maximal frequency in the spectrum. 

 

 

Table 3.4: Spectral Roll-off point statistics. 

 Name Num of Values

1 Spectral Roll-off Point Overall Average 1 
2 Spectral Roll-off Point Overall Standard Deviation 1 
3 Derivative of Spectral Roll-off Point Overall Average 1 
4 Derivative of Spectral Roll-off Point Overall Standard Deviation 1 
5 Running Mean of Spectral Roll-off Point Overall Average 1 
6 Running Mean of Spectral Roll-off Point Overall Standard Deviation 1 
7 Standard Deviation of Spectral Roll-off Point Overall Average 1 
8 Standard Deviation of Spectral Roll-off Point Overall Standard Deviation 1 
9 Derivative of Running Mean of Spectral Roll-off Point Overall Average 1 
10 Derivative of Running Mean of Spectral Roll-off Point Overall Standard 

Deviation 
1 

11 Derivative of Standard Deviation of Spectral Roll-off Point Overall Average 1 
12 Derivative of Standard Deviation of Spectral Roll-off Point Overall Standard 

Deviation 
1 
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Figure 3.4: [Top] Energy spectrum along frequency with 95% spectral roll-off frequency 

(vertical red line) [bottom] cumulative energy along frequency with 95% spectral roll-off 

frequency (vertical red line) [26]. 

 

 Spectral Centroid: the “balancing point” of the spectral power distribution.  Many types of 

music involve percussive sounds which push the spectral mean higher by including 

high-frequency noise [30].  The spectral centroid for a frame is computed as follows: 
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Where: k is an index corresponding to a frequency, or small band of frequencies within the 

overall measured spectrum, and X[k] is the power of the signal at the corresponding 

frequency band.  Table 3.5 shows the twelve statistics of SC in our work. 
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Table 3.5: Spectral Centroid statistics. 

 Name Num of Values

1 Spectral Roll-off Point Overall Average 1 
2 Spectral Roll-off Point Overall Standard Deviation 1 
3 Derivative of Spectral Roll-off Point Overall Average 1 
4 Derivative of Spectral Roll-off Point Overall Standard Deviation 1 
5 Running Mean of Spectral Roll-off Point Overall Average 1 
6 Running Mean of Spectral Roll-off Point Overall Standard Deviation 1 
7 Standard Deviation of Spectral Roll-off Point Overall Average 1 
8 Standard Deviation of Spectral Roll-off Point Overall Standard Deviation 1 
9 Derivative of Running Mean of Spectral Roll-off Point Overall Average 1 
10 Derivative of Running Mean of Spectral Roll-off Point Overall Standard 

Deviation 
1 

11 Derivative of Standard Deviation of Spectral Roll-off Point Overall 
Average 

1 

12 Derivative of Standard Deviation of Spectral Roll-off Point Overall 
Standard Deviation 

1 

 

 Spectral Flux statistic: the average variation value of spectrum between the adjacent two 

frames in one second window [17].  Table 3.6 shows the twelve statistics of SF in our 

work. 

 

  

 

where X means the magnitude of FFT coefficients. 

N is the number of frames in one window. 

δ is a little value to avoid log zero. 

n is the frame index, and k is frequency index. 
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Table 3.6: Spectral Flux statistics. 

 Name Num of Values

1 Spectral Flux Overall Average 1 
2 Spectral Flux Overall Standard Deviation 1 
3 Derivative of Spectral Flux Overall Average 1 
4 Derivative of Spectral Flux Overall Standard Deviation 1 
5 Running Mean of Spectral Flux Overall Average 1 
6 Running Mean of Spectral Flux Overall Standard Deviation 1 
7 Standard Deviation of Spectral Flux Overall Average 1 
8 Standard Deviation of Spectral Flux Overall Standard Deviation 1 
9 Derivative of Running Mean of Spectral Flux Overall Average 1 
10 Derivative of Running Mean of Spectral Flux Overall Standard Deviation 1 
11 Derivative of Standard Deviation of Spectral Flux Overall Average 1 
12 Derivative of Standard Deviation of Spectral Flux Overall Standard 

Deviation 
1 

 

 Mel Frequency Cepstral Coefficients (MFCCs): MFCCs is the feature popularly used for 

speech recognition and audio classification due to it's effectiveness in representing the 

spectral variations of audio.  The MFCCs stands for the shape of the spectrum with few 

coefficients.  The cepstrum is the Fourier Transform (or Discrete Cosine Transform DCT) 

of the logarithm of the spectrum.  Instead of the Fourier spectrum, the Mel-cepstrum is the 

cepstrum computed on the Mel-bands.  By using of the mel scale, the mid-frequencies part 

of the signal is taken better into account.  The MFCCs are the coefficients of the Mel 

cepstrum.  MFCCs are commonly derived as follows: 

1. Take the Fourier Transform of (a windowed excerpt of) a signal. 

2. Map the log amplitudes of the spectrum obtained above onto the mel scale, using 

triangular overlapping windows. 
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3. Take the Discrete Cosine Transform of the list of mel log-amplitudes, as if it were a 

signal.  

4. The MFCCs are the amplitudes of the resulting spectrum. 

Table 3.7 shows the twelve statistics of MFCCs in our work. 

 

Table 3.7: MFCCs statistics. 

 Name Num of Values

1 MFCCs Overall Average 13 
2 MFCCs Overall Standard Deviation 13 
3 Derivative of MFCCs Overall Average 13 
4 Derivative of MFCCs Overall Standard Deviation 13 
5 Running Mean of MFCCs Overall Average 13 
6 Running Mean of MFCCs Overall Standard Deviation 13 
7 Standard Deviation of MFCCs Overall Average 13 
8 Standard Deviation of MFCCs Overall Standard Deviation 13 
9 Derivative of Running Mean of MFCCs Overall Average 13 
10 Derivative of Running Mean of MFCCs Overall Standard Deviation 13 
11 Derivative of Standard Deviation of MFCCs Overall Average 13 
12 Derivative of Standard Deviation of MFCCs Overall Standard Deviation 13 

 

3.5 Textual Feature 

Monologue and dialogue are two types of spoken languages in films.  Monologue happens 

when the character talks to self or the off-screen person narrates the background story to 

facilitate our understanding about the scene or the film.  Dialogue can be the conversation 

among more than two actors. 



 27

The textual feature for each scene is defined as a set of the feeling words appearing in the 

caption stream of the scene.  The feeling word list we used for textual feature extraction is 

collected by Hein [36].  There are over 3000 words in total.  We divided these feeling 

words into two classes – positive and negative feelings manually for similarity measure.  

Each feeling word belongs to one class. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


