A Study on Shot Segmentation and Indexing of Language
Education Videos by Content-based Visual Feature Analysis
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ABSTRACT

As IT technology develops rapidly and the personal dissemination of smart devices increases, video
material is especially used as a medium of information transmission among audiovisual materials.
Video as an information service content has become an indispensable element, and it has been used
in various ways such as unidirectional delivery through TV, interactive service through the Internet,
and audiovisual library borrowing. Especially, in the Internet environment, the information provider
tries to reduce the effort and cost for the processing of the provided information in view of the video
service through the smart device. In addition, users want to utilize only the desired parts because
of the burden on excessive network usage, time and space constraints. Therefore, it is necessary
to enhance the usability of the video by automatically classifying, summarizing, and indexing similar
parts of the contents. In this paper, we propose a method of automatically segmenting the shots
that make up videos by analyzing the contents and characteristics of language education videos
and indexing the detailed contents information of the linguistic videos by combining visual features.
The accuracy of the semantic based shot segmentation is high, and it can be effectively applied
to the summary service of language education videos.
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1. Introduction

The media industry is seeking ways to converge
its service with internet networking services, shifting
from passive one-way streaming to two-way inter-
action that can fulfill the needs of viewers. The
two-way interaction service should be able to offer
programs, content summaries, and program highlights
that are customized to preferences and characteristics
of the viewers. And consumer should be able to proc-
ess and modify their media content. Also most educa-
tion language video services, as well as Korea's repre-
sentative language education site, ‘e4u.ybmsisa.com’
or ‘www.ebs.co.kr/language’, provide easy access to
grammatical, vocabulary and expression areas in a
single video. The growing demand for content that
can satisfy diverse preferences has generated much
research on summarizing, browsing, and indexing
methods for media content. In addition, as the amount
of media content increases, service providers are in
need of video summarization techniques to manage
content efficiently and build a database.

Several studies have been conducted on video sum-
marization, however, most of them discuss con-
tent-based summarization methods where lower-level
visual features are extracted from videos and analyzed
to determine higher-level events.

Zhong and Chang (1997) used color features to
segment frames and affine motion to track image
segments. Sudhir, Lee, Jain (1998) explained auto-
matic classification of tennis video developing a court
line detection algorithm; and a robust player tracking

algorithm to track the tennis players over the image

sequence. Lee, Kim, Nam, Kang, Ro (2002) analyzed
the golf-video contents in the shot with multiple con-
tent features using multiple MPEG-7 and proposed
a content-based summary generation method using
MPEG-7 metadata. In addition, many methods have
been studied for detecting shots using various visual
features, clustering scenes, and summarizing video
(Basu, Yu, & Zimmermann, 2016; Divakaran, Peker,
Radhakrishnan, Xiong, & Cabasson, 2003; Fei, Jiang,
& Mao, 2017; Hu, Xie, Li, Zeng, & Maybank, 2011;
Mundur, Rao, & Yesha, 2006; Ngo, Ma, & Zhang,
2005; Peng & Xiaolin, 2010; Thakre, Rajurkar, &
Manthalkar, 2016). Sports videos or news, in partic-
ular, have well-structured content; therefore, they
were the subject of a great deal of research with
a focus on content-based summarization using colors,
edge, and motion information. Meanwhile, despite
the fact that language education videos, which are
increasing in number, also have a concise and stand-
ardized structure, not many studies have been done
about video summarization using multiple visual fea-
tures for these videos.

This study therefore discusses an automatic summa-
rization method for language education videos, which
are showing rapid growth due to multichannel environ-
ment and heightened enthusiasm for education. The
language education video industry will be able to
provide efficient service and manage the huge volume
of content effectively by using this automatic summa-
rization method. This study identified properties of
visual features of language education videos, extracted
content-based features, combined the extracted fea-

tures to generate segmented content information auto-
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matically, and produced a meaningful summarization
result. Some of the visual features that were used
are internationally standardized MPEG-7 descriptors.
These features were used in consideration of reus-
ability and compatibility.

The rest of this paper is organized as follows:
Section 2 discusses content analysis of language educa-
tion videos; Section 3 explains properties of the visual
features and a method to combine the features, and
discusses the proposed summarization method which
incorporates a segmentation algorithm of content in-
formation necessary for summarization; Section 4 de-
scribes the experiment on foreign language education
videos and discusses the summarization result to verify
the effectiveness of the proposed method. Finally,
Section 5 presents conclusions and directions for future

research.

2. Video Analysis

A meaningful content information analysis should
be performed prior to summarizing a video. After
reviewing about 20 contents of instructional lan-
guage, most of the videos have lecturer explaining

the contents and grammar of the lecture, showing

the contents again with fingerprints, and there are
conversation screens of various speakers how they
are actually used. That is, language education videos
usually consist of an explanation segment where a
host gives a lecture, a dialog segment where speakers
of the target language make conversation, a text-based
segment that is composed of text information, and
a remaining segment that contains other information
as shown in <Table 1>.

Each segment comprises elements that have
meanings. As shown in <Figure 1>, in the explanation
segment, the host gives a lecture at a specific place
such as a studio. The dialog segment contains the
conversations among foreign speakers that take place
at locations other than the place where the host is,
either indoor or outdoor. The text segment is mainly
composed of the text information appearing on a
screen.

The explanation segment contains educational con-
tent about speaking, grammar, and pronunciation; the
dialog segment has content useful for listening
training. The text-based segment is important for leamn-
ing grammar and vocabulary. The remaining segment
includes the title of the program or information on
the producer, or shows scene changes. This segment

is not considered necessary for the summarization

(Table 1) Content based Segmentation of Languages Education Video

partition

Features

Explanation segment

The part that the moderator or instructor explains

Languages |Dialog segment The part where two or more speakers talk to each other
Education The part expressing the vocabulary and grammar of the sentence related
Video Teat-based scametl to the language mainly on the fingerprint

Remain segment

The rest of the above three parts
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Text-based segment

Dialog segment

Remain segment

{Figure 1> Example Frames of Each Segment

of language education videos because the segment not
only does not contain important educational information,
but also fails to meet the consumer’s needs. A distinctive
characteristic of educational content is that consumer
preference for the content that can address their weak-
nesses is much higher than that for other content.
Therefore, this study aims to detect the explanation
segment, the dialog segment, and the text-based segment
in language education videos and create content-based
summary information automatically to offer content

that suits the preferences of viewers.

3. Proposed Method

This section discusses an algorithm to generate

summary information by detecting the segments of
language education videos as defined in Section 2.
<Figure 2> presents the structure of a summarization
system for language education videos. It first detects
shot boundaries from the input video then extracts
key frames that represent each shot. It extracts visual
features needed for the summarization from the ex-
tracted key frames and creates the pre-defined seg-
mented content information such as the explanation
segment, the dialog segment, and the text-based
segment. The final generated content information
is presented in XML document format in accordance
with a hierarchical summary structure specified in
MPEG-7 Multimedia Description Scheme (Manjunath,
Salembier, & Sikora, 2002; Salembier & Smith,
2001).
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Video Input

}

Shot-boundary Detection & Keyframe Extraction

l

Multiple Visual Feature Extraction

l

Feature Analysis and Combination

!

Explanation Segment Dialog Segment Text-based Segment
Detection Detection Detection

l

Summary Description (XML) Generation

(Figure 2> Content based Video Segmentation Process

3.1 Detecting Shot Boundaries and
Extracting Key Frames

After the segments of a language education video
are defined, shots and key frames, which are basic
units for visual feature extraction, are extracted.
Along with color information, texture and edge in-
formation of the shots and frames that make up a
video are important visual features that describe im-
age information. The texture and edge information
show structure, directionality, and roughness of an
image and can be utilized as crucial features to extract
shot boundaries for creating a content-based sum-
mary of the video data (Cieplinski, Jeannin, Kim,
& Ohm, 2000; Ro, Yoo, Kim, & Kim, 1999; Yamada,
Pickering, Jeannin, & Jens, 2001).

The shot boundary detection module used in this
algorithm is an improved version of the shot boundary
detection routine of the Hierarchical Summary DS,

which was separated from the MPEG-7 reference

software eXperimental Model (Walker & Sull, 1999).
Shot boundaries are detected based on feature in-
formation that share similar distribution such as color,
texture, and edge. Therefore, for easier calculation,
a center frame, among all other frames that make
up each shot, is determined as a key frame that repre-
sents the shot. The routine to obtain the key frame

from each shot is as follows:

Jor n=1 through TotalShotNum do

{ keyframe , = (Startframe , — Endframe ,)/2 } (1)

In this routine, TotalShotNum denotes the number
of shots detected from the input video, Startframe
means the frame number of a beginning frame of
each shot, and Endframe means the frame number

of an end frame of each shot.

L={s1,53,83,..,8:} | i =shot number

k; = keyframe of s ; (2)
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When L is the language education video and s
is a shot, L is represented as a set of s, k is the

key frame that represents the shot.

3.2 The Applied Multiple Visual
Features

3.2.1 Kurtosis of Hue Histogram Distribution

Kurtosis of hue histogram distribution is used to detect
the same background color in the text-based segment.
The hue histogram exhibits hue distribution of an image.
Hue values are computed from RIB values of the image,
and data distribution for every 360" bin is obtained
(Cieplinski, Kim, Ohm, Pickering, & Yamada, 2001).
Kurtosis indicates pointiness of a distribution. Formula
(3) is a method of calculating kurtosis of the hue histogram

of key frames that represent each shot.

Hk‘ :{h,‘lahizahisa-“shin}, n=360

p=1

Kurk=% n(n+1) i[h,-”hiﬂ 3(n-1°
Tl (n=-D(n-2)n-3) SD, (n—2)(n—-3)

3
where SDy, = ®

H, is a set of hue histogram data /; values

extracted from the i" key frame & ; . SO is standard

deviation of %, , and Kury is a kurtosis value of

the hue histogram distribution of £, .

3.2.2 30—channel Energy Standard Deviation
of Homogeneous Texture Descriptor
Texture information defines a pattern that indicates

homogeneity of an image and determines image ho-

mogeneity of frames that make up the text-based
segment of a language education video. To obtain
texture feature information, Radon transform is ap-
plied on images, and one-dimension Fourier transform
is applied on the projected data. Frequency domain
of the images is then divided into six directional
components and five size components and the energy
of the 30 channels is calculated (Cieplinski et al.,
2001). Formula (4) is used to calculate standard devia-
tion of the 30 channel energy of key frames in order

to extract texture information.

1 2 3 m
E; ={ei € .¢€;,....€ }’ m=30 and
2
m m
ry2 r
w3 -(3 el
sD _ r=1 r=1 (4)
k; _ ChannelEne rgy — 2
m

E, is a set of the channel energy € extracted
from ki, and SDk, _crmeirnersy is standard deviation

of E: which is an element of €.

3.2.3 Edge Histogram Descriptor

The visual feature specified by the edge histogram
descriptor is used to characterize an image of the
host who appears in the explanation segment. In
order to represent edge information of an image,
the image is divided into 16 sub-blocks and five
edge components - vertical, horizontal, 45 degree,
135 degree, and non-directional edges - are denoted
for each sub-blocks. A total of 80 local edge histo-
grams are computed from one image by combining
the edge components of each block and 40 semi-glob-
al edge histograms and 5 global edge histograms
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are computed by combining the local edge histograms
of the 16 sub-blocks. A feature vector of the edge
histogram descriptor and a similarity distance value

calculated using the feature vector are as follows:

Stocar 1 Fogan e Frocar 80
ED =9 fiom —global _1> Ssom= global 23> f\'ymifgluhul _40 (5)

S/ global _1° S/ global _22*** f global _5

dist ED = Z ‘Eka}ﬁume (l) = Eke{y/’mme '(I)‘ (6)

ED is a feature vector of the edge histogram
descriptor. Jucar_s indicates the s™ local edge histo-
gram bin, feni-giona_« denotes the t* semi-global edge
histogram bin, and v _u is the u® global edge
histogram bin (Cieplinski et al., 2001). distz, is dis-
tance calculated using the edge histogram feature
that are used to measure similarity between key

frames. keyframe and keyframe' are frames that are

different from each other.

3.2.4 Scalable Color Descriptor

The visual feature defined by scalable color de-
scriptor is used to separate the color feature of the
explanation segment from the color feature of the
text-based and dialog segments. This feature is repre-
sented as a histogram that shows distribution of colors
in an image. RBG values of the image are transformed
to HSV values nonlinearly, and a feature vector is
computed by dividing the HSV color space into a
total of 256 bins and counting the number of pixels
in each bin (Cieplinski et al., 2001). The distance
values calculated using the color descriptor feature

are used to measure similarity between frames. The

distance values are calculated as in Formula (7).

diStCD = Z ‘C_Dkeyframe (1) = Ekq\jf)‘ame' (1) (7)

distcp is similarity distance between frames com-
puted using the color descriptor feature. keyframe and

keyframe' are frames that are different from each other.

3.2.5 Intensity of Motion Activity

Motion intensity is a feature that expresses the
degree of motions of an object in video sequence
within a certain range. The motion intensity is standard
deviation of motion vector magnitude values, which
are normalized and quantized by frame resolution,
obtained from a macro bloc of each frame (Peker,
Divakaran, & Papathomas, 2001). This feature value
is used to distinguish the dialog segment where objects
show high degree of motions from the explanation
segment where objects show low degree of motions.
Unlike other features, the motion intensity is com-
puted by shot unit. The method to compute motion

intensity from the shots is as following:

2 2
MVypag =4|MV,” My~

wxhxn wxhxn
(mv )2 mv
mag mag (8)
. = =1 2
Intensity ,,p0, = a=l - (= )

wxhxn wxhxn

MV, is motion vector magnitude and mo, in-

dicates a horizontal motion vector and muv, is indicates
a vertical motion vector. w and 4 are width and height

of a frame and » is the number of frames that constitute

shot. The motion intensity €78i%,,04,, is generated
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by calculating standard deviation of Vi .

3.3 Detecting Segmented Content of
Videos

This section discusses a method to detect the ex-
planation segment, the dialog segment, and the
text-based segment of a language education video
using the multiple visual features described in the
previous section. Shots and key frames, which are
the basic unit of visual feature extraction, from the
input video are detected and shots and key frames
that make up the explanation segment, the dialog
segment, and the text-based segment are classified
using the extracted features. After segment in-
formation for the explanation, dialog segment, and
text-based segments are generated, an XML document
that represents summary information of the language

education video is produced in accordance to the hier-

archical summary structure of MPEG-7.

3.3.1 Method to Detect the Text—Based
Segment

In order to detect the text-based segment, kurtosis
of hue histogram of the key frames that represent
each shot and the 30 channel energy standard deviation
specified in the MPEG-7 homogeneous texture descrip-
tor are used. <Figure 3> is a simple flowchart of the
process to detect the text-based segment and produce
summary information. If a visual feature value to detect
the text-based segment satisfies threshold conditions,
the corresponding key frames that have the visual
feature make up the shots that constitute the text-based
segment. Then summary information for the segment
is generated using segment information of the shots.

Frames that represent the shots that constitute the
text-based segment have background of almost the

same color, on which text information appears.

Extract keyframes from all shots

Calculate the kurtosis of hue histogram and
standard deviation of 30-channel energy

Select keyframes with values greater than or
equal to the thresholds

Define shot from selected keyframes

Create segmentation information from defined shots

Generate summary description by xml format
for the text-based segment

(Figure 3> Flow Chart of Detecting the Text-Based Segment
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Unlike the hue histograms generated from key frames
of the explanation segment and dialog segment, hue
histogram data of key frames of the text-based seg-
ment are concentrated in one area as shown in <Figure

4> because of the same background color of the

hue histogram data

Kurtosis of hue histogram

—+— Hue histogram from kevirames of other parts except text-based part
—a&— Hue histogram from kevframes of the texr-based part
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(Figure 5) Kurtosis of Hue Histogram from Keyframes

frame that represents shots from the video.

227

key frames and the distribution tends to be pointier.
Therefore, kurtosis values of the hue histogram are
large positive numbers. <Figure 5> shows the kurtosis

values of the hue histogram distribution of each key
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As exhibited in <Figure 5>, kurtosis values of key
frames that represent segments other than the text-based
segment are numbers between 0 and 40 while those
of key frames of the text-based segment are larger
than 95. Therefore, the key frames for which kurtosis
is higher than the kurtosis threshold are determined
to be the key frames that represent shots of the text-based

segment.

In addition, since the key frames of the text-based
segment are consisted of almost the same color in-
formation, the 30 channel energy data specified by
the texture descriptor are scattered within the small
range between 150 and 200 as shown in <Figure 6>.
On the other hand, the channel energy data obtained

—— 30 channel energy data from kevframes of other parts except text-based part

—&— 30 channel enerey dara from kevframes of the rext-based part

250

200
]
o 150
i
o
‘ngD
50
—_ M W = T — w M~ @ — mowm - M
— — o o o o
channel nurnber

{Figure 6 30-channel Energy of Homogeneous Texture Descriptor

+ Standard deviation of 30 channel energy from other parts’ kevirames except text-based
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4 Standard deviation of 30 channel energy from keyframes of the text-based part
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(Figure 7> 30-channel Energy Standard Deviation of Homogeneous Texture Descriptor
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from key frames of segments other than the text-based
segment are distributed over a wider range. Therefore,
as shown in <Figure 7>, the standard deviation of the
key frames that represent the text segment has smaller
values than that of the explanation or dialog segments
where a variety of colors are used. The frames that
represent each shot have one channel energy standard
deviation value as shown in Formula (4). If this
value is smaller than the threshold iso_crameiznersy ,
the corresponding frames are determined to be ob-
tained from shots that constitute the text segment.
Then, lastly, key frames that satisfy the two threshold
conditions th,,,, and thsp_crametzersy are detected by
computing AND computation of the two conditions
and the corresponding shots are generated as seg-

ments that constitute the text-based segment.

3.3.2 Method to Detect the Explanation
Segment
The process to detect the explanation segment

is as shown in <Figure 8>. The three features de-

scribed in the section 3.2.3 to 3.2.5 were used to
detect the explanation segment. A feature analysis
is conducted to determine shots that correspond to
the explanation segment and segment information
is generated.

After detecting shots and extracting key frames,
edge histogram and scalable color descriptor are gen-
erated from each key frame. Then similarity between
features of the frame that appears after playing the
video for one minute, which is the 1800™ frame
that belongs to the explanation segment and also
a query frame to measure similarity, and features
of all the other key frames is measured using Formula
(6) and (7).

<Figure 9> and <Figure 10> show the similarity
measures. As shown in <Figure 9> and <Figure 10>,
if the similarity value satisfies conditions below thED
and thCD at the same time by computing the AND
operation, the corresponding key frame is determined
to represent shots that constitute the explanation

segment.

v

Extract keyframes from all shots

Define shot from selected keyframes

!

Calculate the feature values for edge histogram descriptor
and scalable color descriptor

l

Measure similarity distance between a query frame
(explanation part) and all keyframes using feature vectors

Select keyframes with similarity distance
below the thresholds

]

Calculate the feature values for motion intensity
from defined shots

l

Select shots with intensity of motion activity
below the thresholds

}

Create segmentation information from selected shots

!

Generate summary description by xml format
for the explanation segment

{Figure 8> Flow Chart for the Process of Detecting the Explanation Segment
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(Figure 10> Similarity Distance among Features by Scalable Color Descriptor

Next, motion intensity is calculated from the shots
that are determined to belong to the explanation
segment. <Figure 11> is an example of motion in-

tensity feature of the explanation segment and the

dialog segment. Since the explanation segment con-  segment.

sists of shots where an object shows almost no motion,
motion intensity is relatively low; therefore, exclud-
ing shots of which motion intensity exceeds a certain

level can detect the shots that make up the explanation
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+ Intensity of motion activity from shots of the dialog part

5 [ oo r oo

mation intensty

4 Intensity of motion actvity from shots of the explanartion part

50 60 70 an an 100

shot number

(Figure 11) Intensity of Motion Activity from Dialog Segment and Explanation Segment

3.3.3 Method to Detect the Dialog Segment

Shots that constitute the dialog segment should
be detected to generate the dialog segment. As in
the process of detecting the explanation segment,
edge histogram, scalable color descriptor, and motion
intensity feature values are used for this process.
As shown in <Figure 9 and 10>, if the similarity
value between features of a key frame and features
of the query frame that belongs to the explanation
segment exceeds thep and thep, the key frame is

determined to constitute the dialog segment.

Then a process to detect shots with high motion
intensity from the shots that are determined to belong
to the explanation segment is repeated. As shown
in <Figure 11>, objects in the shots of the dialog segment
show bigger motions, thus the motion intensity is
larger than that of the shots from the explanation
segment. Therefore, the shots with bigger motion in-
tensity are determined to constitute the dialog segment
and segment information is generated. <Figure 12> is
a simple flow chart of the process of detecting the

dialog segment and generating summary information.

v

Extract keyframes from all shots

Define shot from selected keyframes

l

Calculate the feature values for edge histogram descriptor
and scalable color descriptor

l

Measure similarity distance between a query frame
(explanation part) and all keyframes using feature vectors

l

Select keyframes with similarity distance
greater than or equal to the thresholds

l

Calculate the feature values for motion intensity
from defined shots

Select shots with intensity of motion activity
greater than or equal to the thresholds

l

Create segmentation information from selected shots

l

Generate summary description by xml format
for the dialog segment

{Figure 12> Flow Chart of Detecting the Dialog Segment
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4. Results of the Experiment

I conducted an experiment on foreign language
education video to verify the effectiveness of the
proposed automatic summarization method. I used
a total of 15 videos having 20-minutes duration in
MPEG-2 format, which included videos on learning
conversational Chinese, English, French, German, and
Japanese. <Table 2> is the result of extracting shot
boundaries and key frames from the 15 videos and
each number indicates the number of shots. These
numbers indicate the answer set identified by
eye-checking. Since each shot has one key frame,
the number of shots and the number of key frames

of a video are the same.

I first obtained hue histogram data from the ex-
tracted key frames and calculated kurtosis values
to detect the text-based segment, then computed
standard deviation of the 30 channel energy of the
key frames by applying the texture descriptor. Next,
I detected key frames that have feature values that
meet the given threshold values. The shots repre-
sented by the detected key frames constitute segment
information for the text-based segment.

<Table 3> is the result of detecting the text-based
segment by applying kurtosis values of hue histo-
grams and <Table 4> is the result using the 30 channel
energy standard deviation. Precision rate is low when
a single feature is applied, however, the result of

detecting the text-based segment by applying multiple

(Table 2> Shot Composition of Language Education Videos

Explanation Dialog Text-based Remain

segment segment segment segment o

Chinese Education Video 147 118 9 42 316
English Education Video 140 124 4 32 300
French Education Video 144 120 7 41 312
German Education Video 137 117 11 28 293
Japanese Education Video 150 99 4 30 283
Total no. of shot 718 578 35 173 1504

(Table 3> The Result of Detecting the Text-Based Segment Using Kurtosis Values of Hue

Histograms
Answer Correct Miss False Recall(%) Precision(%)

Chinese 9 8 1 23 88.89 25.81
English 4 4 0 4 100 50,00
French 7 7 0 8 100 46.67
German 11 10 1 11 90.91 4762
Japanese 4 4 0 0 100 100
Total 35 33 2 46 94.29 41.77
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combination of kurtosis values of hue histograms
and the 30 channel energy standard deviation shows
the precision rate as high as 90% as in <Table 5>.
This is due to the fact that the text-based segment
has distinctive features compared to the explanation
or dialog segments when the hue histogram and the
30 channel energy standard deviation are applied.

The videos used for the experiment contained fairly
large of amount of the explanation and dialog segments,
thus these segments have more shots than the text-based
segment. What is important is to apply an effective
combination of the three features - edge histogram,
scalable color, and motion intensity - to generate effi-
cient summary information for the explanation and

dialog segments. Detecting the text-based segment us-

ing each of the single features does not yield high
precision rate; therefore, I applied the combining tech-
nique described in sections 3.3.2 and 3.3.3 and im-
proved the precision rate. <Table 6> is the result of
applying the feature defined in edge histogram descrip-
tor only in order to detect the explanation segment
and <Table 7> is the result of detecting the explanation
segment using a scalable color feature.

<Table 8> is the result of detecting the explanation
segment by applying edge histogram and the scalable
color feature at the same time. For better precision
rate, | applied the motion intensity feature to the result
in <Table 8>. <Table 9> is the result of detecting the
explanation segment by applying the combination of
the three features, which shows very high precision rates.

(Table 4> The Result of Detecting the Text-Based Segment using the 30 channel Energy

Standard Deviation of the Texture Descriptor

Answer Correct Miss False Recall(%) Precision(%)
Chinese 9 8 1 8 88.89 50.00
English 4 4 0 17 100 19.05
French 7 6 1 22 85.71 21.49
German 11 10 1 48 90.91 17.24
Japanese 4 4 0 0 100 100
Total 35 32 3 95 91.43 25.20

(Table 5) The Result of Detecting the Text-Based Segment using Multiple Features
(the Kurtosis of Hue Histogram and 30-channel Energy Standard Deviation of
Homogeneous Texture Descriptor)

Answer Correct Miss False Recall(%) Precision(%)
Chinese 9 9 0 3 100 75.00
English 4 4 0 1 100 80.00
French 7 6 1 2 85.71 75.00
German 11 10 1 2 90.91 83.33
Japanese 4 4 0 0 100 100
Total 35 33 2 8 94.29 80.49
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(Table 67 The Result of Detecting the Explanation Segment Using Edge Histogram Feature

Values
Answer Correct Miss False Recall(%) Precision(%)
Chinese 147 118 29 36 80.27 76.62
English 140 123 17 87 87.86 58.57
French 144 142 2 33 98.61 81.14
German 137 123 14 118 89.78 51.04
Japanese 150 141 9 30 94.00 82.94
Total 718 647 71 304 90.11 68.03
(Table 7> The Result of Detecting the Explanation Segment Using Scalable Color Feature
Values
Answer Correct Miss False Recall(%) Precision(%)
Chinese 147 138 9 109 93.88 55.87
English 140 135 5 16 96.43 89.40
French 144 130 14 75 90.28 63.41
German 137 122 15 18 89.05 87.14
Japanese 150 142 3 54 94.67 72.45
Total 718 667 51 272 92.89 71.03

{Table 8> The Result of Detecting the Explanation Segment using Multiple Features
(Edge Histogram Descriptor and Scalable Color Descriptor)

Answer Correct Miss False Recall(%) Precision(%)
Chinese 147 128 19 20 87.07 86.49
English 140 133 7 16 95.00 89.26
French 144 130 14 30 90.28 81.25
German 137 122 15 9 89.05 93.13
Japanese 150 141 9 28 94.00 83.43
Total 718 654 64 103 91.09 86.39

(Table 9> The Result of Detecting the Explanation Segment using Multiple Features (Edge
Histogram Descriptor, Scalable Color Descriptor and Intensity of Motion Activity)

Answer Correct Miss False Recall(%) Precision(%)
Chinese 147 128 19 15 87.07 89.51
English 140 130 10 10 92.86 92.86
French 144 129 15 25 89.58 83.77
German 137 122 15 6 89.05 95.31
Japanese 150 138 11 3 92.00 97.87
Total 718 647 71 59 90.11 91.64
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As explained in section 3.3.3, key frames of which
similarity value of edge histogram and a scalable
color feature, which are the values that measure sim-
ilarity between the corresponding key frames and
the key frames that constitute the explanation seg-
ment, exceeds a given threshold represent the shots
that make up the dialog segment. In addition, as
the shots that constitute the dialog segment generally

have more motion information, the precision rate

of detecting can be improved by applying the motion
intensity feature. <Table 10>, <Table 11>, and <Table
12> is the result of detecting the dialog segment
by each visual feature. And <Table 13> is the result
of detecting the dialog segment by combining the
visual features, and <Figure 13> is an example of
detecting the text-based segment. These are the key
frames of shots that form the dialog segment of a

conversational Japanese education video.

(Table 10> The Result of Detecting the Dialog Segment Using Edge Histogram Feature Values

Answer Correct Miss False Recall(%) Precision(%)
Chinese 118 105 13 28 88.98 78.95
English 124 109 15 57 87.90 65.66
French 120 106 14 40 88.33 72.60
German 117 98 19 77 83.76 56.00
Japanese 99 75 24 25 75.76 75.00
Total 578 493 85 227 85.29 68.47

(Table 11> The Result of Detecting the Dialog Segment Using Scalable Color Feature Values

Answer Correct Miss False Recall(%) Precision(%)
Chinese 118 106 12 45 89.83 70.20
English 124 118 6 33 95.16 78.15
French 120 112 8 28 93.33 80.00
German 117 99 18 50 84.62 66.44
Japanese 99 80 19 10 80.81 88.89
Total 578 515 63 166 89.10 75.62

(Table 12> The Result of Detecting the Dialog Segment using Multiple Features

(Edge Histogram Descriptor and Scalable Color Descriptor)

Answer Correct Miss False Recall(%) Precision(%)
Chinese 118 108 10 28 91.53 7941
English 124 118 6 15 95.16 88.72
French 120 112 8 23 93.33 82.96
German 117 106 11 15 90.60 87.60
Japanese 99 82 17 12 82.83 87.23
Total 578 526 52 93 91.00 84.98
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(Table 13> The result of Detecting the Dialog Segment using Multiple Features (Edge
Histogram Descriptor, Scalable Color Descriptor and Intensity of Motion Activity)

Answer Correct Miss False Recall(%) Precision(%)
Chinese 118 106 12 19 89.83 84.80
English 124 114 10 10 91.94 91.94
French 120 98 22 15 81.67 86.73
German 117 114 15 97.44 88.37
Japanese 99 97 11 97.98 89.81
Total 578 529 71 91.52 88.17

L5

(Figure 13> A Segment of the Key Frames Detected As a Dialog Segment of a Conversational

Japanese Education Video

Finally, when the explanation, dialog, and text
segments of the videos are detected, I generated an
XML document in accordance to the hierarchical
summary structure as defined in MPEG-7 MDS by
using segment information of the shots that constitute
each segment. As show in <Figure 14>, when the
shots of the input video are determined to constitute
each segment, the shots are chronologically con-
nected to become one video clip. The frame number
of a beginning frame of the video clip and that of
an ending frame are used as media time information
of the key video clip components specified in the

hierarchical summary structure. The figure below

is a segment of an XML document that represents
summary information of a conversational English
education video, which contains segment information
generated as a result of detecting explanation, dialog,
and text-based segments.

In <Figure 14>, an attribute ‘mediaTimeUnit’ is
expressed by a form of ‘PnDTnHnMnSnNnF’ and
represents a duration in time using a lexical repre-
sentation of days (nD), time duration and a fraction
specification (TnHnMnSnN) including the specifica-
tion of the number of fractions of one second (nF).
So ‘PTIN30F’ is a typical examples of 1N which

is 1/30 of a second according to 30F and that means
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(Twml varsion="1,0" encoding="UTF-8"7>
<MpegT xmins="um:mpeg:mpegi:schema:2001" xmins xsi="hitp:/ www, w3, org/2001/%MLSchema-instance”
=mins mpeg?="urn:mpeg:mpeg :schema:2001” xsi:ischemalocation="um:mpeg:mpeg?:schema:2001 ¥hMpeg?-2001 xsd”
<Description xsiitype="SummaryDescription Type ">
<Summarization
<Summary xsittype="HierarchicalSummaryType” hierarchy=independent”
<Sourcelnformation href=", /english, mpg"/>
<Summary ThemeList>
<SummaryTheme id="Explanation_Part"> Explanation Pan</Summary Theme>
<SummaryTheme id=Dialog-Part"> Dialog Part</Summary Theme>
<SummaryTheme id="Text_based_Part™> Text-based Part</Summary Theme?

</Summary Themelist>

Lo srariarsrstinttir bt b b bt OO,
== themelDs -=)
L]~ wrewsrrrrrersrrrerrerer S R, 1

<SummarySeamentGroup |evel="0" themelDs="Explanation_Part™
<SummarySeament id="Explanation_1">
{KeyVideaClip>
{MediaTima>
<MediaRelincrTimePoint media TimeUnit="PTIN30F"» 672</MediaRelincrTimePaint>
<MedialncrDuration media Timelnit="P TIN30F "> 5082 </MedialncrDuration>
¢/MediaTime>
/KeyVideaClip>
</SummarySegment>
<SummarySegment id="Explanation_2">
<KeyWideoClip»
<MediaTime>
<MediaRellncrTimePoint media Timelnit="PT1N30F">» B042< /MediaRellncrTimePoint>
<MedialncrDuration media TimeUnit="P TIN30F"> 2230 </MedialncrDuration>
</MediaTime>
</keyVideoClip»
</SummarySegment>
<SummarySegment id="Explanation.3"
<KeyVideoClip>
<MediaTimea>
<{MediaRellncrTimePeint mediaTimeUnit="P TIN30F"> 10607 </MediaRellncr TimeP oint>
¢{MedialncrDuration mediaTimeUnit="PTIN30F"> 2B12</MedialncrDuration>
¢{/MediaTime>
</eyVideoClip>
&fSummarySegrnent>
{SummarvSeament id="Exnlanation_4">

(Figure 14> An XML Document that Represents Summary Information

the exact sampling rate of NTSC of 29.97Hz. The 5 Conclusion and Future

value of ‘MediaRellncrTimePoint’ element is a start
frame number of segment, and the value of
‘MedialncrDuration’ element is the number of frames
of segment. For example, ‘672’ is the start frame
number of explanation 1 segment and ‘5082’ is the
number of frames of explanation 1 segment.
Service providers can use this method to offer
summarized content that viewers want. In particular,
users can easily summarize their videos using mobile

apps using this algorithm.

Studies

This paper extracted content-based visual features
from language education videos using visual features
of the videos and some descriptors provided by the
MPEG-7 international standard, detected the ex-
planation, dialog, and text-based segments of the
videos by using efficient combination of the features,
and automatically generated summary information.

Then, it created a summary that describes structural
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content information of the videos. The amount of
content of educational videos is growing and the
viewers’ demand for it is also increasing. The lan-
guage education videos, in particular, are the content
with higher demand for summary information. The
proposed method in this paper provides accurate sum-
mary of language education videos and could be
utilized in two-way broadcasting service, web service
and mobile service to create content that are custom-
ized to viewers’ preferences in the future. XML docu-

ments that represent summary information, which

is the final product of the proposed method, can
be used by the viewers to review efficiently and
quickly and use the language education content. In
addition, this method allows the viewers who want
only segments of the language education content
to browse the segment they want in an easy, accurate,
and convenient manner.

More research on general summarization methods
need to be done using more variety of language
education content, as well as studies that use in-

formation about the viewers’ preferences.
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