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ABSTRACT

This study presents a hierarchical news video
categorization architecture based on semantic
analysis. First, news video is segmented into
different news stories based on anchorperson shot
detection. For each news story, we extract its caption
information to perform semantic analysis. Theses
stories are then semantically categorized as an
adaptive hierarchy tree. This tree adaptive split its
tree node in accordance with a term-based entropy
measure. The superiority of the proposed system has
been demonstrated through the three days news video
obtained from EraNews in Taiwan.

1. INTRODUCTION

Due to the ever-changing society we live in,
watching news has become a part of daily life to us.
Always grasping news has already become a must
for modern people to follow up the pace of the times.
However, to most of people, they often do not have
enough time and patience to finish watching long
news. An effective news video browsing system
based on news topic categorization is thus quite
useful to them. In order to access the news
selectively, the first step is to segment the news into
different stories [1], [2]. As a result of the news story
beginning with the anchorperson reporting, the news
is segmented mostly by using anchorperson shots as
segmentation boundaries. Therefore, extensive
research has been published on anchorperson shot
detection [3]-[5]. Since the news video can be
segmented into stories, we thus can categorize these
stories for improving the browsing convenience.
Some of the early published works on news story
categorization only can be seen the clue of adopting
image feature for categorization [6], [7]. Because of
the lack of using information, they could only
categorize the news in a simplest structure. In later
published research of news story categorization, the
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caption information has become a basis of
categorization [8]-[11]. Although these methods have
achieved a certain measure of success in news story
categorization, they still have some drawbacks. First,
they only provide a flat structure, i.e. their
categorization includes only one level. When the
number of news stories related to a categorization
item becomes grows, they don’t have hierarchical
structure to provide further categorization. Second,
the items of their categorization are fixed. The fixed
categorization causes a lack of flexibility regarding
the various news events. To overcome the two
drawbacks, a hierarchical tree structure based on
unsupervised clustering is essential. Therefore, this
paper develops an adaptive hierarchy tree for
categorizing the news stories. This strategy is based
on semantic analysis of the caption information.
Further categorization is adaptively provided
according to the entropy information of the tree node.

2. SYSTEM OVERVIEW

Figure 1 presents the concept illustrations of the
proposed hierarchical news video categorization
based on semantic analysis. In the architecture, we
introduce adaptive hierarchy categorization to make
news story browsing efficiently. The block diagram
of our method is described in Fig. 2. Firstly, the
video stream is divided into shots. In order to
separate the individual news stories, anchorperson
shots are detected and used as the news story
boundaries. The obtained news stories are
categorized semantically. After extracting and
recognizing the caption, each news story has its own
text information. The obtained text information is
then utilized to retrieve related web pages. Besides
the texts extracted from the video caption, the texts in
the retrieved web pages are also used to represent a
news story. We then transform these texts into a
feature space so that each story is represented as a



feature vector. The news categorization process is
based on an adaptive hierarchy tree. Moreover, a
term-based entropy is used to determine if a node in
this tree is a terminal node.

3. STORY SEGMENTATION AND TEXT
INFORMATION EXTRACTION

It’s the same as general video programs; news video
also comprises individual video shots. This study
uses mutual information and the joint entropy
between frames to detect video shot boundaries [12].
To separate the individual news stories, anchorperson
shots are detected and serve as the news story
boundaries. That is, a news story comprises a series
of shots beginning from an anchorperson shot and
ending just before the next anchorperson shot. This
study adopts an anchorperson shot detection
algorithm presented by Chen et al. [13]. This
detection algorithm is based on a novel similarity
measure which considers the spatio-temporal
variation  through consecutive frames. The
procedures for categorizing these separate news
stories are discussed below.

The caption in the news video undoubtedly provides
abundant semantic cues and can help explain the
news content. This study thus utilizes the caption for
semantic based news video categorization. To extract
the caption information in a video sequence, the
caption can be detected by [14]. The caption block is
located using a bottom-up approach. This approach
starts from local binarization between the rising and
falling points in the image, followed by searching,
filtering, feature extraction, and modified region
growing of connected components. Some candidate
blocks are then extracted for assigning weight to
locate the caption block. After segmenting out the
characters of the text, commercial Chinese OCR
software is applied to recognize the segmented
characters of the text.

4. STORY VECTOR CONSTRUCTION

The processing of the recognized caption is discussed
next. News caption usually only provides key
messages and a news story generally has few
captions. To make the categorization of news stories
be more correct, news captions are also used to
extract the related news web pages. Restated, a news
message is represented by including extracted news
caption and related news web pages. Regarding the
texts in the caption and related news web pages, they
should be broken into separate terms. The term is
selected as a phrase rather than a word for its
syntactic significance A text story can be represented
as a feature vector, and each element of this vector

can be associated with a term. To find out more
important terms, this paper used the TFIDF function
[15] to analyze the importance of each term. The
TFIDF function is defined as:

TFIDF (t,,n,) = TF (t,,n,)- IDF (t,) » (1
where, TF(t,n;) denotes the term frequency
representing the frequency of term #; in the story ns

and IDF(z,)

frequency representing the weight term #; in the total
stories.
If a term exists in many stories, the inverse document
frequency is low. Restated the inverse document
frequency is highest in the case where a term
involving in only one story. The inverse document
frequency is defined by

IDF(1,) = log N, (2)

DF(1,)

where N, denotes the total number of stories and
DF(z,) is the document frequency representing the

represents the inverse document

number of stories in which the term #, exists.
The term space can be reduced according to the
TFIDF function from N/ to N, by selecting a

subset of N, terms with highest TFIDF values.

These N, terms can be used to represent a news
story by a story vector f; :(fil’fJZ""’ij,)’ where
fur k=12,...,N,, is the term weight associated with
the term # and the news story n, . Because the

lengths of all the new stories are different, this study
uses normalized term frequency as the term weight.
The normalized term frequency for term # in the

story n; is defined by

NTF(tk,nj):TF(tk,nj)-{Z/:TFz(tk,nj)} )

5. ADAPTIVE HIERARCHY TREE

This work hierarchically categorizes chaotic news
events on the basis of its semantic meaning so that
readers can conveniently browse the news. A
hierarchy tree is constructed by successively splitting
tree nodes. Each tree node is split into its k children
to form a k-ary tree based on the K-means algorithm.
For browsing convenience, this work grows the
hierarchy tree adaptively. Users will feel chaotic if
the semantic relation among the stories in a node is
too weak. An entropy based criterion can be used to
determine whether a tree node will split or not. Small
entropy value of a tree node indicates high intra-
cohesiveness. Otherwise, the stories in this tree node
are not tightly related. For a tree node TN, the stories
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in TN are denoted as S(TN) = {s,,s,,...,s, }, Where
N,

n

based entropy of TN is defined as
Nf
E = —Z:e,c loge, » “4)
k=1
where ¢, =N, /N, , and N, denotes the number of

represents the story number of 7N. The term-

stories in TN in which #; occurs.

Each tree node splits if the corresponding term-based
entropy is greater than a threshold. All the stories in
the same tree node thus can be ensured to be closely
related.

Table 1: Statistics for the tested news video program

. Total Average
Video Frame |Total shot shot
clipname| Rate number story number

number
per story
Three-
day 30 fps 698 45 15.5
EraNews
Table 2: Evaluation of the news video
categorization
Term-based Weighted
entropy imilarit FScore measure
threshold stmuarty
5 0.849 0.686
10 0.627 0.589
15 0.287 0.351
20 0.199 0.224

6. EXPERIMENTAL RESULTS

The news information selected for testing was
obtained from EraNews Station in Taiwan. One hour
of news per day was recorded over a three-day
period. All of the video clips have 352 X 240
resolution at 30 fps. Table 1 lists the statistics for the
three-hour news sampled.

The present structure level summarization is based
on unsupervised clustering. To assess its
effectiveness, the weighted similarity and the FScore
measure are adopted [16], [17]. The cohesiveness of
clusters can be used as a measure of cluster
similarity. One method for computing the cluster
cohesiveness is to adopt the weighted similarity of
the internal cluster similarity. The FScore measure is
another type of measures which lets us evaluate how
well the clustering is working by comparing the
groups produced by the clustering to known classes.
Table 2 lists the experimental results. It is reasonable
that both the weighted similarity and the FScore
measure increases if we have a smaller term-based

entropy threshold. However, there is a tradeoff.
Because a series of news stories related to the same
topic will also be split into different clusters with a
too small term-based entropy threshold.

7. CONCLUSION

With the demand of news video browsing and
indexing, this study presents a semantic-based news
video categorization method. The news video is
segmented into different stories in accordance with
the anchorperson shots. After extracting the caption
information, each news story can be represented as a
feature vector. These stories are then adaptively and
hierarchically categorized based on semantic
analysis. Future research directions for improving the
proposed method include integration of audio cues
and deeper natural language study.
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Fig. 1 Concept illustrations of the semantic-based adaptive hierarchy categorization for news video.
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Fig. 2 Block diagram of the proposed news video categorization method.
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