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Creation of Soccer Video Highlight Using The Structural
Features of Caption

Moon-Haeng Huh'- Seong Yoon Shin'' . Yang Weon Lee''" - Keun Ho Ryu'''!

ABSTRACT

A digital video is usually very long temporally, requiring large storage capacity. Therefore, users want to watch pre-summarized video before
they watch a large long video. Especially in the field of sports video, they want to watch a highlight video. Consequently, highlight video is
used that the viewers decide whether it is valuable for them to watch the video or not. This paper proposes how to create soccer video highlight
using the structural features of the caption such as temporal and spatial features. Caption frame intervals and caption key frames are extracted
by using those structural features. And then, highlight video is created by using scene relocation, logical indexing and highlight creation rule.
Finally, retrieval and browsing of highlight and video segment is performed by selection of item on browser.

FIE : H|C|2 9% (Video Summarization), &t0|2I0IE BICI2(Highlight Video), Xte] XX &/H(Structural Features of Caption),
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M} =2} 3 (Retrieval and Brwosing), X2t 7] Z#|2|(Caption Key Frame), X9} Za||®) 2ZHCaption Key Frame Interval)

1. Introduction

In video database, video contents are described by the st-
ructure of shots and scenes [1]. Shot is a valid unit for con-
structing video information and is a set of one or more con-
tinuous frames, showing continuous motions in the fixed
time and space. Currently, many of researchers having inte-
rest in automatic and semiautomatic methods for video shot
detection and characterization.

Video indexing can be performed efficiently using extrac—
tion and recognition of caption text. For example, there has
been tremendous success in the automatic conversion of hard-
copy documents via optical character recognition (OCR) te-
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chnology [2-5] and the transcription of speech via voice
recognition (VR) technology [6, 7]. In both case, although ty-
pically less than perfect, the output is an ASCII text re-
presentation that can be indexed with traditional information
retrieval techniques. At this point, we can found that some
information-rich video sources such as newscasts, comme-
rcials, movies and sports events that containing meaningful
content in the form of voice, caption text and/or text in the
image.

Video summaries are useful to decide whether it is valu-
able for video viewers to watch this video or not. Video sum-
mary was classified in two types as video summary sequen-
ce and video highlight. Video summary sequence is suitable
for documentaries because it provide the significant abstract
of whole video. Video highlight is suitable for video trailers
or sports highlights because it contains only the interesting



672 BBEX2ISS=2X D M10-0T HM4=(20038)

segments of video [8].

This paper proposes a creation method of soccer video
highlight using structural features of caption. The structural
features are temporal appearing features and spatial position,
size and color features. Caption frame intervals and caption
key frames are extracted from input frames using those st-
ructural features of caption. And then caption key frames
are indexed physically and logically. Soccer video highlight
is created by pre-defined highlight creation rule. And also,
easy retrieval and browsing method is provided for selection
and watching of video fast and efficiently.

This paper is organized into five additional sections. Sec-
tion 2 states related works. Section 3 presents structural fea-
tures of caption. Section 4 presents extraction of the caption
frame interval and key frame. Section 5 presents creation
of soccer video highlight. Section 6 presents experimantal
result, and finally, Section 7 concludes the work.

2. Related Work

Video Summarization is a field of study that many resea-
rchers have work continuously with a great interest. It was
classified in two types as summary sequence and highlight.
There are video skimming [9], scene transition graph [10],
cluster validity analysis [11] and video manga [12] in crea-
tion of summary sequence, and movie trailer [13, 14} and ev-
ent-based sports summarization [15] in creation of highlight.

Christal et.al. [9] proposed video skimming for summari-
zing documentaries or news videos. Video and transcription
of video are aligned by the order of word, and the significant
words are identified by linguistic analysis of transcription.
Therefore, video clips are selected according to the priority
of these words. Yeung et al. [10] proposed scene transition
graph that was shot-based structure using the flow of story.
Hanjalic et al.[11] extracted the key frame and set up the
video shots. Then cluster validity analysis is used for cre-
ating of video summary sequence including those key
frames. Uchihashi et al. [12] proposed a video summarization
method of comic cartoon-like, called Video Manga. They
used the measure of importance degree based on the scarcity
and persistence of video segments.

Another type of video summarization is the extraction of
highlight. Lienhart et al. [13] and Pfeiffer et al. [14] proposed
the automatic creation method of movie trailer using the tra-
cking of low-level visual and audio features, motion infor-
mation and color information. They are used the heuristic

features ‘of the basic physical parameters for selecting of

video clips with the important object, man, action, dialog,
title text and title music. Babaguchi [15] proposed the sum-
marization of sports video using the event-based video in-
dexing. It is useful to video summarization but many impor-

tant features for describing semantics are lost in the process.

3. Structural Features of Caption

3.1 Analysis of Caption Region

The caption appeared in soccer video is important element
that gives the core contents of a soccer game. The caption
region of soccer video is different from the region of drama

and documentary, and it takes the following clear features.

(@ the position : the position of each caption region is
fixed individually according to its type.

@ the size : each caption region has its own size.

® the existence : every caption region is appeared im-
mediately (after the event). It remains some period of
gime and then disappeared.

@ the change : the position of text that can be changed
is fixed in the caption region.

® the color : each caption region has its own uniform
colors.

® the appearing point : the event caption region is ap-
peared right after event occurrence.

(D the appearing sequence ° the appearing sequence of the

caption can be different each and every game.

Based on above features of caption, the caption key frame
is extracted and the video segment is indexed. It plays an

important role for the creation of the soccer video highlight.

3.2 Classification of Caption Scene

The caption of soccer video is appeared as a limited num-
ber of types. In this paper, caption scenes are classified in
13 limited types according to the meaning of contents, as

follow.

D teams (Ctem) : the name of both teams (attached re-
gion and team name).

@ grounds (Cgnd) : the name of grounds (sports ground
and region).

3 broadcasting (Chet) © the name of broadcaster (annou-
ncer and sportscaster).

@ referee (Cref) : the name of referee (a chief referee,
sub-referees).

® player list (Cist) : the player name list of both teams.



(® game beginning (Cbgn) : the beginning of game (the fir-
st/second half and team names).

@ score board (Csco) : the score of game (the first/se-
cond half, time, team names, and score).

bench (Cbhch) : the bench of both teams (the name of
manager, coach, and waiting player).

@ player (Cplr) : the name of the player who made shoot,
assist, free kick, and light foul.

(0 a change of players (Cchg) : the name of the player
who changed in to and out from the field.

@) goal (Cgol) : the name of the player who made a goal.

@ foul (Cfol) : the name of the player who made the
significant foul such as warning and foul-out.

(@ game ending (Cend) : the ending of the game (team
names and score).

Beside the above caption scene, the captions that were not
very related current game, such as the caption of sports,
game class, league, team rank, weather, other grounds and
record, are appeared in the video. In this paper, those addi-
tional captions are except from the classification and extrac-
tion of the caption.

3.3 Temporal Features of Caption

The captions are classified as starting caption, event cap-
tion and ending caption in accordance with its appearing
sequence, as <Table 1>. The captions have the temporal
structure generally as (Figure 1).

{Table 1> Temporal Classification of Caption

Temporal class The component captions
Starting Caption Ctem, Cgnd, Cbet, Cref, Clst, Chgn
Event Caption Csco, Cbeh, Cplr, Cchg, Cgol, (Jol
Ending caption Cend

Before the beginning of the substantial game, the most
captions are appeared in order of Ctem, Cgnd, Cbct, Cref,
Clst and Cbgn. This appearing sequence of the captions can
be varied from each and every game. When the substantial
game is beginning, event caption is appeared. And when it
is ending, Cend caption is appeared.
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Ctem Cgnd Cbet Cref Cist Cbgn Event Caption Cend
(Csco, Cbeh, Colr. Cehg, Cgol, Cfol
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(Figure 1) Temporal Flow of Caption
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As shown in (Figure 1), event caption shows the event
such as Csco, Cbch, Cplr, Cchg, Cgol and Cfol. It can be
appeared irregular sequence and must be appeared right after
the event.

At the last time, the result of game is showed by appearing
of ending caption Cend.

The appearing features of the caption is as <Table 2>.

{Table 2> Appearing Features of Caption

Temporal e M .
s Caption Appearing features
Starting gi?' C{;‘f{nd + getting the overview of game starting
Caption Cref. Chgn » appearing independently
« appearing short/long term through the
overall game
Csco * appearing arbitrarily
Event » appearing independently or overlapped
Caption with orthers
%‘ ol |, appearing right after the event
2o € 1. appearing regardless of Csco
ol
Ending Eond * getting the results of game
Caption » ending broadcast

3.4 Spatial Features of Caption

The spatial feature of the caption is the information of the
region that is the appearing position of the caption in the
soccer video. The caption is appeared in 6 limited regions
as (Figure 2).

rasrys

(Figure 2) Spatial Structure of Caption

In (Figure 2), the regions of Csco, Clst, Cbgn, Cend and
Cref are overlapped, but have it's own size that was different
with one another. The captions of Ctem, Cgnd, Cbct, Cbch,
Cplr, Cgol, (fol and Cchg are hardly different from its size,
and appeared at the center bottom of the frame.

In this paper, the caption key frames are extracted from
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13 caption scenes based on the features of the caption region.
And then the key frames are indexed for the retrieval of the
video segment according to the subject. Therefore, the cap-
tion region extraction and indexing play the important role
in the construction of the soccer video database.

4. Extraction of The Caption Frame Interval and Key
Frame

4.1 Extraction of Caption Frame Interval

Every caption of soccer video has its own features such
as position, size and color. Caption frame intervals are ex-
tracted by similarity measure based on its features.

To extract caption frame intervals, the predefined struc-
tural features such as position, size, and color of captions
are compared with those of input frames. If those are similar,
an input frame becomes a candidate of caption frame. This
similarity measure is performed continuously through whole
frames. The consecutive frames that similarity is satisfied
are becomes caption frame intervals. Similarity measures are
performed as follow.

4.1.1 Similarity Measure of Caption Position

Xy T, and ¥, — (T, (1

In equation (1), x7i and yyi is position of the input frame,
x: and y; is the reference value obtained from the structural
features. Ty and Ty is the position threshold.

4.1.2 Similarity Measure of Caption Size
A,
Ay,

where

my

A,

)TAand > T,

(2)

A, = area(max(xs, x,), max(y, ¥,
min(z:f,,. xn). min(v;,. .YE))

In equation (2), Am; is the area of the overlapping caption
region between input and reference frame. Asi and A; each
is the area of the caption region of input and reference frame.
Ta is the size threshold.

4.1.3 Similarity Measure of Caption Color

cE-clcT., AND
Ci—Cf<T. AND (3)
8= Cfx.T;

In equation (3), each C;™*® and C* is the maximum
number of RGB pixel that is of the caption region of input
and reference frame. T. is the color threshold.

4.2 Extraction of Caption Key Frame

The extracted caption frame intervals indicate significant
events, but all that frames can't be key frames. Therefore,
one representative frame of caption frame interval is a
caption key frame.

In this paper, as (Figure 3), caption key frame is the first
frame of caption frame interval. Caption key frames play a
significant role for video retrieval, browsing and highlight
creation.

Non-caption frame Caption frame

interval

Caption key frame
(Figure 3) Caption Key Frame Extraction

5. Creation of Highlight

5.1 Scene Relocation

5.1.1 The Need of Scene Relocation

Event captions such as Cplr, Cchg, Cgol, and (Jol are
appeared right after event occurrence. Therefore, real events
are existed in the preceding segments of caption key frame.
Scene relocation reassigns event scenes for that they have
the real events.

In soccer video, except for caption of starting, ending and
intermittent score board, event captions are appeared right
after event occurrence. Therefore, as <Table 3>, scene relo-
cation is performed to relocation-needed scene.

{Table 3> Classification of Scene Relocation

Classification Scene Details

Ctem, Cgnd, Cbet, Cref, Clst,
Cbgn, Csco, Cbeh, Cend

Cplr, Cchg, Cgol, (Jol

Relocation-no-need scene

Relocation-need scene

In <Table 3>, relocation-no-needed scenes are not per-
formed scene relocation and leave as it is.

5.1.2 The Technique of Scene Relocation
Relocation—need scenes must contain its caption frame in-
tervals and preceding events. (Figure 4) shows the technique



of scene relocation of relocation-need scenes. Caption key
frame interval contains all frames that including its own
captions. Preceding events must be sufficient for presenting
significant events.

caption key frame

\ preceding event caption frame intervalj

v

caption scene

(Figure 4) Scene Relocation

In general, a sufficient presenting time of preceding event
is from 10 to 20 seconds. Therefore, in this paper, preceding
event time has 20 second. It shows that preceding event has
600 frames in according to standard as 30 frames per second.
Therefore, caption scene consist of preceding event (20sec,
600frame) and caption frame interval.

5.2 Creation of Highlight

First of all, the reference number of highlight scenes must
be determined for creating of soccer video highlight. In soc-
cer video, the most significant event is the goal. Therefore,
the reference number of highlight scenes is determined
flexibly after due consideration of the number of goals.
Highlight creation rule is as follow.

® The basic element of highlight consist of Ctem, Cgnd,
Cbet, Cref, Clst, Cbgn, Cplr, Cchg, Cgol, (fol, and Cend.
The rule details are as following :
* starting scene
D The first scene consists of Ctem.
@ The next scenes consist of Cgnd-Chct or Chct-
Cgnd according to original video sequence.
@ The next scenes consist of Cref-Clst or Clst-Cref
according to original video sequence.
@ The last scene consists of Chgn.
» ending scene
(D The ending scene is the last scene of the game. It
consists of Cend.
° event scene
Event scenes are included in highlight according to the
following event priority. In each step, the total number
of the created highlight scenes is compared with the
reference number of the highlight scenes until both
numbers are same or the last events are included in
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highlight.

(D The first event consists of Cgols according to ori-
ginal video sequence.

@ The second event consists of Cpirs according to
original video sequence.

@ The third event consists of (fols according to ori-
ginal video sequence.

@ The last event consists of Cchgs according to ori-
ginal video sequence.

¢ Up to now, if the total number of the created highlight
scenes is less than the reference number of the scene, the
final highlight video keep the present highlight.

(Figure 5) shows the flow of highlight creation.

Add Start Scenes l

| Add End Scene l

v

l Add Goal Scenes |

Compare # of scenes
reference : present

| Add Player Change Scenes —l

> so e

(Figure 5) The Flow of Highlight Creation

In 2001 pro soccer game, the number of goals made from
0 to 6 goals for each game. Therefore, there can have no
goals or maximum 6 goals in highlight. Another scenes are

included in highlight according to highlight creation rule.

5.3 Retrieval and Browsing
Indexed video and highlight video must be easily browsed
by user who want retrieve the video segment. Therefore,

as (Figure 6), video browser has the function of retrieval
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and VCR together.

Browser
Retrieval function VCR function
By date Play
By ground o] Stop
By Item (event) Move

(Figure 6) The Function of Browser

It is desirable that retrieval function is performed by se-
lection of user. As in (Figure 6), users can select date, play
ground and event for retrieve the video segment what they
want watch, then result is displayed in window. Also VCR
function can play, stop and move the selected video segment.

6. Experimental Results

In this paper, experiment is implemented using Visual C++
6.0 under the circumstances of Pentium IV 1.3GHz and Win-
dows 2000 Server. Experimental video data is the first half
of four games from Posco League Pro Soccer. It is used as
normalized form of AVI file format and 320 %240 size.

_n’ ﬂ]ﬂ 7 3|

(Figure 7) Window of Caption Key Frame Extraction

(Figure 7) shows the extraction of the caption key frames
through the extraction of the caption regions and caption
frame intervals. In (Figure 7), the left part plays the selected
video, and right part displays the extracted caption key-
frames. And the lower part is simple operator for select, play
and stop video segments.

The extracted caption key frames are significant elements
for the creation of soccer video highlight. <Table 4> shows
result of caption key frame extraction.

{Table 4) Result of Caption Key Frame Extraction

(GGames The number of caption key frame
Video A 62
Video B 54
Video C 67
Video D 58

(Figure 8) shows creation of the highlight according to
the highlight creation rule in soccer video. The upper part
shows video player, simple operator and frame indicator.
And the lower part shows caption key frames of the created
highlight.

(Figure 8) Window of Highlight Creation

In highlight creation, we set the reference number of high-
light scenes as 20. Therefore, a highlight video was com-
posed of 20 caption scenes. The average playing time of
input video is 58.3 minutes, and the average playing time
of highlight video is 6.7 minutes. Video viewers can watch
and understand whole video contents in 6.7 minute without
viewing whole video.

- Video Player -En
f o u e s B Juwe
e B e

oae

ﬂﬂ'ﬁ} 107381

| maes] | »)

(Figure 9) Browsing Window
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(Table 5) Comparison of Video Summarization Methods

Methods Features

Advantage Problem(difficulty)

color/caption
= audio keyword
* keyword frequency

Video Skimming

linguistic analysis

« event indexin ) . .
8 > object/caption recognition

°

segment persistent

Scene Transition » story flow R » time window setting
R R » simple and fast X
Summary Graph « time window * story overlapping
Sequence Cluster Validity e clustering « various structurin e cluster formation
Analysis » cluster distance g = validity criterion
¢ comic cartoon » high overhead
Video Manga ° segment scarcity = useful to cartoon- like * matching criterion

inaccurate extraction

o

low level physical features

Movie Trailer e
heuristic parameters

°

» accumulation and application of
heuristic
semantics matching

« ease of feature extraction
* various parameters

(temporal, spatial)
creation rule

Highlight = change of heuristic
Event-based : event—baseq indexing + event definition and « event extraction
Sports Highlight " closed caption description « difference of time point
> time window
= event—caption-based * event definition and
Proposed Method » structural features description » limited domain

* event priority = focus on caption

« logical indexing

(Figure 9) shows video browser that can be easily select
and retrieve video segment by user who want to watch it.

Users can select a date or the period that they want to
see, and then the events that are satisfied it are listed below.
At this time, users can select the events that they want, and
can make narrow the scope of retrieval. Also key frames
of the selected event are listed below, then the users can
select the key frames and watch the selected shot.

<Table 5> shows the comparison between the proposed
and the existing video summarization methods. The pro-
posed method is more efficiently create the highlight using

the structural features than another.

7. Conclusion

This paper proposed the efficient creation method of soc-
cer video highlight using the structural features of caption
such as temporal and spatial features. The structural fea-
tures of caption are extracted by analysis of caption informa-
tion, and caption frame intervals and caption key frames are
extracted using those features. Also an efficient highlight
creation rule is used for highlight creation. Users can watch
and understand, fast and easily, the videos that they want
to watch it. In experiment, the average playing time of input
video is 58.3 minutes, and the average playing time of hi-
ghiight video is 6.7 minutes. Therefore, video viewers can

watch and understand whole video contents in 6.7 minute

without viewing whole video. And it gives the wide range
of video selection and reduce the time and cost. Video brow-
ser is designed for efficient and easy retrieval too. This paper
provides the foundation for implementation of the enhanced
sports video management system.

In future, we are of the opinion that the continuous study
of automatic active caption detection and semantic event ex-
traction must be performed by many researchers.
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