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1. Title of the thesis and abstract

1.1 Title of the thesis

Event Detection Based Video Summarization for Sport Video

1.2 Abstract

Sports video summarization is the process of automatically creating a shorter version of a sports
game or event video, highlighting the most important and exciting moments. This technology has
become increasingly important in the sports industry, as fans increasingly consume sports content
on social media and mobile devices. We have proposed a method to detect and classify exciting
events of cricket matches like four runs, six runs and wicket fall. First, cricket video is divided into
shots, and keyframes from each shot are detected. To reduce processing time all other processes are
applied to keyframes. In the following stage reply segments are identified and removed from further
consideration. Keyframes are classified into different views. Finally, scoreboard text is detected to
identify run and wicket differences. If the run difference is equal to 4 or 6 and the wicket difference
is equal to 1, then frames between such keyframes are used to build the match's highlight. The
wicket fall segment of the video is further classified into a different type. The proposed technique
is modest and efficient. Experiments and results reflect the effectiveness of the proposed method.

2. Brief description of the state of the art of the research topic

Sports video summarization is the process of condensing a sports video into a shorter and more
concise form while retaining the key highlights and important moments of the game. It has become
an important research area due to the increasing amount of sports videos available on various

platforms, as well as the desire of viewers to watch condensed versions of games.

Several studies have been conducted on sports video summarization using various techniques.
Existing techniques for sport video analysis are mainly classified into shot detection [1] and shot
classification [2], [3], replay identification [4], [5] and event detection [6]-[8].

The primary step of semantic analysis of sports video is to divide the video into shots and play-
break units. Researchers propose various ways for shot boundary detection and keyframe
extraction. Aman Bhalla et al. [1] proposed a shot boundary detection method by converting RGB

frames into grayscale images and calculating the absolute difference between grayscale images. If
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the difference between two frames is more significant than the threshold, the frame is stored as a
boundary frame. K. Midhu and N. K. Anantha Padmanabhan [9] used the hue histogram difference
between the video frames and compared it with an empirically selected threshold to detect hard
cuts. Static threshold methods are affected by the kind of incoming video stream. The threshold

value must be determined manually to achieve an acceptable outcome.

In sports video broadcasting, key events are represented within replay segments. So the replay
events can be used to construct a video summary. Slow motion replays are showing the previous
significant events comprehensively. Some researchers are detecting replays and removing them
from the video summary as redundant information is shown by the replays. Ali Javed et al. [4]
proposed a technique for gradual transition detection based on cumulative histogram difference and
dual-threshold comparison. This technique can be applied to different sports. The hue-histogram
dissimilarity between each video frame and scoreboard reference frame was used to identify replay
segments [9].

Certain types of shots are featured in sequential order in sports videos. Once shots are segmented,
it is required to classify them for further analysis. In cricket, shots are classified into field view,
boundary view, audience view, player's gathering, and close-up view. Domain-specific knowledge
must be incorporated to classify the shots accurately. M. Ravinder and T. Venugopal [2] classified
cricket shots using bag-of-visual features. The long view, pitch view and close-up view were
detected by extracting 100 Scale-Invariant Feature Transform (SIFT) features and then clustering
those using k-means. Rabia A. Minhas et al. [10] proposed a technique for classifying cricket shots

into long field view, median view, non-field view and close-up view, using AlexNet CNN.

Important segments from the cricket video are recognized and indexed using different event
detection techniques. Pushkar Shukla et al. [8] detected exciting events using the audio feature
loudness. Hao Tang et al. [11] introduced a new method for identifying highlights in sports videos,
which involves dividing the videos into a sequence of events using an unsupervised event discovery
and detection framework. The framework utilizes low-level visual features such as color histograms
and histograms of oriented gradients that can be easily extracted and applied to different sports. The
detected events are then represented using unigram and bigram statistics to provide a concise

illustration of the video.

A reliable and robust technique for the analysis of cricket videos is an important component of work

for obtaining successful video summarization. Visual features have been used by several
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researchers to analyze videos. Our focus is on improving automation in video analysis, which will
also allow us to improve performance. This research aims to develop an efficient framework for
cricket video event detection and classification of interesting events. The proposed framework
effectively uses the domain knowledge for shot boundary detection, reply detection, view
classification, event detection, and event classification. Once important events are identified, they

are fused to generate highlights of cricket matches.

3. Definition of the problem

The research title is “Event Detection Based Video Summarization for Sports Video”. This research
aims to accurately detect and classify interesting events from lengthy cricket match videos. To
enhance the performance of event detection, the text based approach is used. Wicket fall
classification is yet not explored much. To precisely classify wicket fall into different types using
a single technique text information is extracted and domain knowledge is incorporated into the

proposed method.

4. Objective and scope of work

To develop an effective shot boundary detection technique.

To detect replay segments from cricket videos efficiently.

To accurately classify play frames into different views.

e To perform cricket event detection and classification using a robust text detection and

recognition based approach.

5. Original contributions by the thesis
1. In this research video dataset containing cricket videos with different playing conditions are
collected as there is no standard dataset available for cricket video summarization.

2. Video is divided into frames and an efficient adaptive method for shot boundary detection using
k-means clustering is proposed and applied to these frames to identify shot transitions. Keyframes
are selected from each identified shot to apply further processing.

3. A replay detection technique based on scoreboard existence recognition is proposed to classify
the keyframes into play frames and replay frames.

4. A modest and effective view classification technique is applied to all play frames.
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5. We have proposed an efficient technique for the detection of four, six and wicket fall events and
wicket fall classification based on scoreboard text detection and recognition.

6. Methodology of Research, Results / Comparisons

We have proposed a system for cricket video summarization using the hierarchical framework
shown in Figure 1. The figure illustrates that the cricket video is initially divided into frames.
These extracted frames are used for shot boundary detection. Once shot boundaries are detected,
every shot's first frame is preserved as a representative frame of that shot and identified as a
keyframe. All further processing is applied to these keyframes. After shot boundary detection,

replay and play frames are classified.

As replay segments of the video show redundant information in slow motion, we have detected
and removed replay segments from further consideration. After replay removal, all play frames are
further classified as field view and non-field view frames. In cricket, at the start of balling, pitch
views are shown. So it is necessary to detect pitch as a mark of delivery of a new ball. The pitch
view detection technique is applied to all field view frames and from that, frames showing pitch
are extracted. All non-field view frames are classified as close-up or crowd frames. Finally, the
score caption detection technique is applied for event detection. The highlight is built for that
segment of the video where a significant change in run score or wicket score is identified. The
detailed methods for the event detection framework are described in the following subsections.
6.1 Shot Boundary Detection

A video is a collection of shots. Shots are a set of continuous frames representing semantically
similar concepts. The video is divided into shots in the first stage of the event detection framework.
To do such segmentation, shot boundaries need to be detected. Usually, two different types of shot
transitions are observed in sports videos. 1. Cut and 2. Gradual transition. In the cut type of
transition, changes between the frames are abrupt at the boundary, while in gradual transition the
last few frames of the former shot are progressively substituted by the first few frames of the

present shot. The discontinuity between shots is shown in Figure 2.
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Figure 1. Event detection framework
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Figure 2. Discontinuity between shots

We have proposed a method for shot boundary detection and keyframe extraction using a
clustering-based technique. As frames in shots usually cover similar concepts, other than
processing each video frame, representative frames from every shot are identified. Then, each
further processing is applied to such representative frames to reduce processing time. The detailed

algorithm is shown below in Algorithm 1.

Algorithm 1. Shot boundary detection
N « length(InputVideo)
fori<1toN

Ircp < ReadFrame(InputVideo)

Iysy < RGBtoHSV (Ings)
256

. . 1 . .
HueHistogramDif ference(n) = mz |(HH, HSV () (i) — HHIHSV(n+1)(l)
i=1

end

(idx, C) « kmeans(HueHistogramDif ference, 2)

N
ShotBoundaryCandidate = U Irgpy (idx; == 1)
i=1

Isbc « length(ShotBoundaryCandidate)

ShotBoundaryFrames
lsbc

= LJ(ShotBoundaryCandidatei+1 — ShotBoundaryCandidate;) ! = 1

=1

8|Page



6.2 Replay Detection

In sports videos, exciting events are followed by replays. As shown in Figure 3. replays are
generally shown between two gradual logo transitions and the scoreboard is absent in the replay
video segment. The replay represents interesting events in slow motion. Hence contents of the
replay are redundant. To improve the accuracy and avoid redundant processing, we have to filter
out replays.

lllllllllllllllllllllllllelllllllllllllllllllllllllllllllllllll

| A v d
1.,F‘ ).-ma.‘ n |

Figure 3. Replay segment of video

The main drawback of replay detection techniques using logo transition detection is it needs to
learn the logo template each time. In the proposed method, we have tested the nonexistence of a

scoreboard to identify replay segments. The algorithm for replay detection is shown below.

Algorithm 2. Replay detection

IAVG=Zi1=Sf IRGB(i)/150

Igw < BW (Laye)

Isgr < BlackWhiteAreaFilter(Igy,)

SCXyny < MinX(Iggr)

SCXyax <« MaxX (Isggr)

SCYyn < MinY (Iggr)

SCYyax < MaxX(Isgr)

SCRgefFrame < Region(SCXyn, SCYyin, SCXpax, SCYpax)

fori < 1to length(KeyFrame)
SCRKeyFTamei — Region(SCXuyn, SCYyin, SCXax, SCYmax)
Correlation = CorrelationCoef ficient(SCRgefrrame — SCRkeyrrame;)
If Correlation > Thgepiqy than PlayFrame < KeyFrame;

Else ReplayFrame < KeyFrame;

end
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Figure 4. shows the outcome of temporal image averaging and scoreboard region detection

process.
Score Region
B R o s A o Yy e FC

Input sequence Average Image Black and white Black and white Detected Score
of frames Image of area filtering board region
average image

Figure 4. Scoreboard detection process

6.3 Shot Classification

Sports video events cover different shots in sequential order. Shot view classification is an
elementary requisite for high-level analysis of sports video [12]. To classify various shots usually,
visual cues are used. All keyframes belonging to play segments are fed into the shot classification
framework. Initially, our work classified cricket views into field view and non-field view. Pitch
views are extracted from field view frames and non-field view frames are further classified into
close-up and crowd views. In the following subsection, cricket view classification algorithms are

discussed.
6.3.1 Field view detection

Generally, the field view covers a large green area. The hue histograms of the field view and non
field view are shown in Figure 5. The field view and the non-field view are classified by examining

the green pixel ratio similar to [13].

R

zi " |

]
- l‘hmmm‘.'

Figure 5. Hue histogram of field view and non field view
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Algorithm 3 shows steps for field view detection. RGB frames are converted into HSV images. As
the field color is different in each cricket video, we need to check the hue range for the green color.
Once the hue range is decided, the peak value of green is observed and a number of pixels having
a hue value nearby the green peak are summed and used to identify the Green Pixel Ratio (GPR)
[14]. If the GPR value is high, the keyframe is classified as a field view frame otherwise; it is

classified as a non-field view frame. The algorithm for field view detection is shown below.

Algorithm 3. Field view detection

Igrcg < PlayFrame

Iysy < RGBtoHSV (Ixgg)
GreenWindow < InputGreenRange

Gpeax <« Max(GreenWindowgq,¢: GreenWindowg, ;)

Total number of pixel having hue = Gpeak + 2

GPR = x 100
Total number of pixels in the frame

If GPR > Thgj,q then FieldFrame « PlayFrame

Else NonFieldFrame <« PlayFrame

6.3.2 Pitch view detection

The pitch view covers a large pitch area, so the pitch color ratio is more significant than other
colors. For the detection of pitch view, RGB frames are converted into HSV images. As the pitch
color is dissimilar in each cricket video, we need to check the hue range for the soil color. Figure
6 displays pitch views and the corresponding hue histogram of it.

Figure 6. Hue histogram of pitch view
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Steps for pitch view discovery are given in Algorithm 4. Once the hue range for pitch is decided,
the peak value of the soil is observed, and a number of pixels having a hue value equal to the soil
peak are summed and used to identify the Pitch Pixel Ratio (PPR) [14]. If the PPR value is high,
the keyframe is classified as a pitch view frame. Otherwise, it is classified as a non-pitch view
frame. The algorithm for pitch view detection is shown below.

Algorithm 4. Pitch view detection

Igcp < FieldFrame

Iysy < RGBtoHSV (Ig¢g)

PitchWindow « InputPitchRange

Ppear « Max(PitchWindowgg,¢: PitchWindowg,q)

Total number of pixel having hue = Ppeak
PPR = - - x 100
Total number of pixels in the frame

If PPR > Thpj.p then PitchFrame < FieldFrame

Else NonPitchFrame < FieldFrame

6.3.3 Non-field view classification into Close-up and Crowd

It is perceived that all non-field views cover either a crowd or a close-up view of any player. Crowd
shots generally display the audience or player's gathering and a close-up view spectacles zoomed-
in view of a player [12]. As shown in Figure 7 edge density is high in the crowd view compare to
close up view. For the classification of non-field views into close-up and crowd views, we have

used the edge detection method. Algorithm 5 displays the process for non field view classification.

Figure 7. Edge detection of a crowd and close-up views
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First, non-field view RGB frames are converted into Grayscale images. The canny edge detector
is applied to a grayscale image. As close-up views have less edge concentration than crowd views,

EPR is lesser for close-up views.

Algorithm 5. Non field view classification
Ircg < NonFieldFrame

Igray < RGBtoGay(Iggp)

Igw < CannyEdgeDetection(IGmy)

Total number of edge pixels
EPR = : : x 100
Total number of pixels in the frame

If EPR > Th¢rowa then CrowdFrame < NonFieldFrame

Else CloseupFrame < NonFieldFrame

6.4 Score detection

The text data presented in the scoreboard encompasses fruitful information for the event discovery.
Events in cricket like four runs, six runs and wicket fall can be mined by checking the difference
in run and wicket mentioned on the scoreboard. The following steps are usually taken to extract
the information from the scoreboard. 1. Locate the interesting region of the scoreboard 2.
Recognize the information of that region [15]. The style, dimension and position of the scoreboard
are generally static for every frame of sports video. In the proposed work as illustrated in
Algorithm 6 score and wicket caption regions are first located and segmented. As the size of this
region is too small to perform the caption recognition task, the cropped image is enlarged. After
enlarging the image, top-hat filter is applied. The image is then converted into black and white.

Finally, OCR is applied to recognize the score and wicket caption.

Algorithm 6. Score Detection

Incg < KeyFrame

Iscr < ScoreCaptionRegion(Igggp)
Iscr < Enlarge(Iscr)

Iy < TopHatFilter(Igcg)

Igy < Binarization(Iry)

(Run, Separator, Wicket) « OCR(Igy)
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Figure 8 illustrates the outcomes of the score detection process. Top hat filter followed by opening
operation increases the accuracy of text recognition.

NZv ENG 234-8

Input Resized Image
4

NZv ENG 234-8

Top Hat Filter
o

Opening Operation
L

NZ v ENG 234-8

Binarized Image
<
{'NZ'} {'v'} {ENG'} {'234-8'}
OCR Detected Text
Figure 8. Score detection process

6.5 Event detection framework

Once run and wicket information is extracted, we save the consecutive keyframes for which the
run difference is 4 or 6 and the wicket difference is 1. Then we search for the pitch view from that
keyframe in the reverse direction. Once we get a keyframe that shows a pitch view, we save that
keyframe. The highlight is generated that starts from a pitch view and ends with either a close up
or a crowd view. This is how the highlights of exciting events are generated.

Algorithm 7. Event Detection

Load run and wicket information as RC and WC

If (RC(i+1)-RC(i) ==4 || 6) or (WC(i+1)-WC(i) ==1) then Last_frame=playframe(i+1)
For j=i+1; keyframe(j)!= pitch view; j=j-1;

First_frame=playframe(j)

Generate highlight from First_frame to Last_frame

The change in score is observed at keyframe 1805 in Figure 9. So that is marked as the end of the

highlight segment and for checking the starting of bowl delivery, the pitch view is searched in the
previous direction.
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Figure 9. Highlight segment

6.6 Wicket fall classification

In cricket, the following types of wicket falls are mainly observed: Caught, Bowled, Leg Before
Wicket, Stumped and Run Out. We have proposed a method for the classification of wicket fall
using text detection and recognition. It is observed that the type of wicket fall is displayed on the
score bar after each wicket fall event. If we can extract that information automatically, then the
classification of wicket fall type can be given without any training phase. Generally, researchers
are adopting a specific approach to identify each kind of wicket fall. The proposed method can
detect each type of wicket using a single process. Table 1 is showing the text displayed on the

scoreboard for every kind of wicket fall.

Table 1. Scoreboard text indicating types of wicket fall

Wicket Fall Type | Text on Scoreboard

Caught c PlayerName b PlayerName

Bowled b PlayerName

Leg Before Wicket | Ibw b PlayerName

Stumped st PlayerName b PlayerName
Run out run out PlayerName
Hit Wicket hit wicket PlayerName

Steps for the wicket fall classification are shown below in Algorithm 8.

Algorithm 8. Wicket fall classification
If (WCi+1)-WC) ==1) then First_frame=playframe(i+1)

For j=playframe(i+1) ; j=j+50
Read frame(j), Crop ROI, Resize ROI, Black and White conversion, Apply OCR
If OCR text contains any of pre-specified wicket types, assign that label to wickettype.

Assign wicket type label to generate highlight
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As shown in Figure 10. From the keyframe where the difference between scores is observed, we
start searching the frame for wicket fall information in the forward direction. In the proposed work
region showing the detailed information of wicket fall is located and segmented. For text
recognition from this region, the size of the region must be enlarged. Next, morphological
operation opening is applied to the wicket information image. After applying the opening
operation, the resulting image is converted into a black and white image. This binary image is fed
to OCR for character recognition. Finally, string matching is applied to check whether OCR's
output contains the information on wicket fall. If the OCR detected text matches any of the wicket

fall types, the previously generated highlight segment is labeled with that particular type.

5856 5922 6236 ‘ 6800 6908

| 162-5 162-6 Replay ‘ 162-6 162-6

< Search Segment >

Figure 10. Search segment for wicket fall detail
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7. Results and Discussion

For cricket video summarization, there is no standard database available. The diverse dataset
consists of 11 different cricket videos with various broadcasters and is used to evaluate the
performance of the proposed event detection system. The details of the datasets are presented in
Table I.

Table I. Description of dataset

No. ID Name of the Match No. of Lgngth Resolution Frame
Frames | (minutes) Rate
1 | Testlo WVE \2"(’)‘15; Indies vs England Test 2836 134 | 1280x720 | 25 fps
2 | NatWest11 IVE 'Z%dl'f vs England NatWest | 35, 141 | 1280x720 | 25fps
India vs New Zealand One
3 | ODI14_IVN Day International 2014 4422 227 1280x720 | 25 fps
4 | T2019 SWN gg'l;a”ka vsNew Zealand T20 | o7 355 | 1920x1080 | 25 fps
Big Bash League 2011 Hobart
5 BBL11_HvS Hurricanes and Melboume 5551 3.55 1920x1080 | 25 fps
Stars
New Zealand vs England ICC
6 | ICCWCI9 NVE | it World cup 2010 5983 3.59 1280x720 | 25 fps
7 | opI2022 1vg | India vs Banglades One Day | ;g4 500 | 1280x720 | 25fps
International 2022
8 | AC22_IvS IZT)dZIZa vs Shrilanka Asia Cup | 14514 54 1280x720 | 30 fps
. India vs Banglades Nidahas
9 Nidahas18_IvB Trophy 2018 10241 6.49 1280x720 | 25fps
10 | RSWS_IvB India vs Banglades RoadSafety | 1555 | 1095 | 1280x720 | 25 fps
World Series
11 | AC20_IvP 'Zr(‘)dz'g vs Pakistan Asia Cup | 5nq6q 17.12 1280x720 | 30 fps

For measuring the performance of proposed techniques, the following evaluation metrics are used.

o TP
Precision = m
TP
Recall = TP+ FN

Where TP is true positive, FP is false positive and FN is false negative.

7.1 Performance of shot boundary detection

For shot boundary detection, the proposed method was tested for eight videos. As shown in Table
Il our approach attains an average of 99% precision and 96% recall. The performance drop of
recall for some of the videos is due to sudden brightness variations between consecutive frames.
This is mainly observed in night matches where illumination change is perceived by night light.
Because of this, the difference between the frames increases and is detected as a boundary
candidate. Due to diverse patterns and varied lengths of gradual transition, some of the

intermediate frames of gradual transitions are misclassified as shot transitions
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Table Il. Results of shot segmentation

Actual
Dataset Shot TP | FP | FN | Precision | Recall
Boundaries
TEST19_WVE 20 16 | 0 | 4 1.00 0.80
ODI14_IvN 37 36| 0 1 1.00 0.97
T2019_SVN 57 54 | 0 | 3 1.00 0.95
BBL11_HVS 61 61 | 0 | O 1.00 1.00
ICCWC19_EVN 62 61 | O 1 1.00 0.98
ODI22_IvB 80 7910 1 1.00 0.99
Nidahas18 IvB 84 8 | 0 0 1.00 1.00
AC22_IvS 108 103| 5| 0 0.95 1.00
Average 0.99 0.96

A performance comparison of the proposed shot boundary detection technique with existing
methods is shown in Figure 11. It is perceived from the comparison that the proposed method

attains greater performance in precision and recall.

M Precision M Recall

[e2)
a ©
o © R s 2
! ? 8 o s o ©
o o o 0
S ~ o o
~
K. MIDHU AND R. K. SHEN ET ZONGIJIE LI ET PROPOSED
N. K. ANANTHA AL. [17] AL. [18] HARIKRISHNA METHOD
PADMANABHAN ET AL. [19]

(9]

Figure 11. Performance comparison of shot boundary detection

7.1  Performance of replay detection

The performance of the replay detection technique is shown in Table Ill. The results
indicate that our approach achieves 96% precision and 97% recall. The misclassification of replay
segments is due to variations in scoreboard style for some frames. For example, suppose
scoreboard style and dimensions vary to show specific types of information, in that case, the
algorithm may get a low correlation value and lead to the misclassification of the play frame into
the replay frame.
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Table I11. Results of replay detection

Dataset TP | FP | FN | TN | Precision | Recall
TEST19 WVE 5] 1 0 4 0.93 1
ODI22_IvB 200 20| O 0 1 1
AC22_IvS 24 1231 0 1 1 0.96
ODI14_IvN 311 3 1 2 0.91 0.96
BBL11 HVS 38| 2 1|20 0.95 0.97
ICCWC19 NvE | 49 | 3 1 8 0.94 0.98
T2019_SVN 49 | 0 2 6 1 0.96
Nidahas18 IvB | 56 | 5 4 |19 0.91 0.93

Average 0.96 0.97

Figure 12. illustrates a comparison of the proposed system with state of art techniques. The
proposed method achieves better performance in precision. For the recall metric our system
achieves higher performance compared to two existing methods. In addition, our method can apply

to different types of sports videos. This method does not need to recognize the logo template for

video.

M Precision M Recall

each video. The correlation coefficient is proved effective to classify play and replay frames of

I~ 0
o)} a o :
) o ;
N <« <+ o o o °
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‘o o‘ “ ‘ “

M. H. KOLEKAR A. JAVED ET BO HAN ET AL. PROPOSED
ET AL. [13] NARASIMHAN AL. [4] [5] METHOD
ET AL. [16]

I 057

Figure 12. Performance comparison of replay detection
7.2 Performance of event detection and classification

Table 1V shows the results of event detection and wicket fall classification method. From the

outcome, it is observed that key events are identified effectively by the proposed method.
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Table IV. Results of Event Detection

Type of No. of Detected Events
Event Events TP | FP | FN | Precision | Recall
Boundary 12 12| 0 0 1.00 1.00
Six 12 11| O 1 1.00 0.92
Wicket 16 16| O 0 1.00 1.00
Wicket 14 13001 1.00 0.93
Classification

The proposed system’s performance is compared with present event detection techniques and

shown in Table V.

Table V. Comparison of proposed method with existing event detection techniques

Method Boundary Six Wicket
Precision(%) | Recall(%) | Precision(%) | Recall(%) | Precision(%) | Recall(%)
Ali Javed et al. [20] 94.79 89.65 90.41 88.00 88.09 90.24
Pushkar Shukla et al. [8] 89.23 86.79 92.68
N. Harikrishna et al. [19] 92.00 90.00 25.00 25.00 92.00 85.00
A. Bhall et al. [1] 86.74 89.12 92.45
Propsed Method 100 100 100 92.00 100 100

Wicket fall classification is yet to get much attention from researchers. So we have

compared the proposed system’s performance with available wicket fall classification techniques

and shown in Figure 14. The approach presented by Qamber Abbas and Youmeng Li [21] is

working with image sequence and using HOG and LBP features and SVM classifier to predict

wicket fall type. It can identify four different categories Bowled, Caught Behind, Catch Out and

LBW. Whereas our approach is modest text detection and recognition based approach. It needs to

localize the region of the score bar where wicket fall information is displayed. Before applying

OCR preprocessing to score bar image is essentially required. Our approach can accurately classify

Caught, Bowled, Leg Before Wicket, Stumped, Run out and Hit Wicket types of wicket.

100
80
60
40
20

0
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Figure 14. Performance comparison of wicket fall classification




Once interesting events are detected using run and wicket difference value, highlight is built using
the method shown in Algorithm 5. According to this method, the highlight segment is started from
the pitch view which is the mark of delivery of the new ball. If the pitch view corresponding to the
current event is classified, then our approach will search for the pitch view in a backward direction
and may include the previous ball delivery segment of the video in the current interesting event
video summary. Which probably reduces the attention of the viewer. The other possibility is if
some other view is missed and classified as a pitch view then the summary will start from that
wrongly classified view. So the accuracy of shot boundary detection, replay detection and view
classification affects the outcome of video summary preparation.

8. Achievements with respect to objectives

e Successfully developed efficient shot boundary detection technique which can detect cut and

gradual transitions with an average precision of 0.99 and recall of 0.96.

e Developed an effective replay detection method that detects replay segments with an average
precision of 0.96 and recall of 0.97. This method is not sport genre specific, it can be applied

to other sports as well.

e The event detection and classification technique can perform better for the detection of
interesting events from cricket videos. We have effectively developed a wicket type
classification method that classifies 6 different types of wickets in cricket using a single

approach.

9. Conclusions

An efficient framework for cricket video event detection and categorization is presented in this
paper. It includes visual features and text features in an effective way. Shot boundary detection
based on K-means clustering avoids setting a static threshold. We have applied processing on
keyframes rather than each video frame, reducing processing time. The automatic replay detection
approach is proven efficient as it escapes the prerequisite of learning logo templates. It is not
dependent on sport structure and can be applied to other sports genres. The shot view classification
is based on traditional feature extraction methods. Shots are classified into field view, pitch view,
close-up view and audience view. The event detection and classification method can detect four,
six and wicket fall events. The wicket classification technique using text detection and recognition

is a novel contribution that achieves 100% precision and 93% recall. The results show the
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effectiveness of our approach.
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