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1 Title of Thesis and Abstract 

1.1 Title of Thesis  

AUTOMATIC CRICKET HIGHLIGHT GENERATION USING EVENT-DRIVEN 

AND EXCITEMENT BASED FEATURES USING DEEP LEARNING  

1.2 Abstract  

Video summarization plays a crucial role in diverse domains where the major 

application is sports video summarization. The sports broadcasting channels show 

interest in the summarization of sports videos based on the viewer's interest as they 

hold massive viewership all around the world. To gain transmission benefits and to 

reduce the amount of storage, they show interest in extracting the exciting clips from 

the lengthy cricket video. Sports video summarization is a tiring task as it includes 

huge variations in the camera movements, background noise, lighting conditions, 

editing effects, etc. As a solution, this thesis work presents reliable hybrid methods to 

effectively identify the key events from the video for highlight generation. The 

computational complexity of this strenuous task has been reduced by proposing key 

event recognition systems that detected and classified only the important events from 

the video. This step reduced the overall duration of the video making it suitable for 

summarization.   

 In the first research work, a hybrid deep neural network with emperor penguin 

optimization (HDNN-EPO) is proposed to generate cricket video highlights. In this 

work, the key events of the cricket video are identified and then summarization is 

done for the obtained key events. Initially, the exciting clips are extracted using audio 

features such as shouting, spectators cheering, and applause of the audience. Then the 

key frames are generated by determining the shot boundaries in the videos and these 

frames are identified using the hue histogram differences of neighborhood frames. 

The key events such as replay, players gathering, real view, umpire, batsman, fielder, 

spectators, and field view are then extracted to determine the importance of each clip 
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in summarization. After this process, the concept annotation process is carried out 

using the proposed HDNN-EPO algorithm for the obtained exciting clips. The EPO 

algorithm reduced the weight values of the DNN to reduce the error rate in the 

annotation process. A voting classifier is used in the model to find and label the 

classes with the highest votes as concepts. Finally, video summarization is carried out 

by determining the importance degree of each mega slot. All the mega slot highlights 
are concatenated to generate the cricket video highlights. 

 In the second research work, a hybrid machine learning framework has been 

proposed for the summarization of cricket videos. Initially, using the audio stream in 

the videos, the exciting clips are extracted. A speech-to-text framework is introduced 

to detect the excitement clips based on the stacked gated recurrent neural network 

with an attention module (SGRNN-AM). The hue histogram differences between the 

frames are computed to determine the shot boundaries. After this step, the keyframes 

from the videos are extracted using a manual threshold value that is in contrast with 

the hue histogram difference. Then, the shots present in each exciting clip are 

classified using the proposed hybrid rotation forest deep belief network (HRF-DBN). 

The rotation forest ensemble approach is used in the model to improve the accuracy 

rate of the DBN classifier. This model classified the cricket video into close-up, 

medium, long, and out-of-field/crowd shots. The score-card region in the video is 

located using the temporal running image averaging algorithm. A sequence of 

features is then obtained from the score-card region for summarization. The umpire 

gestures for the key events such as four, six, and wickets are determined and the 

action features are gathered. Both these features are then passed to the SGRNN-AM 

module for video summarization. Experimental evaluations establish the 

effectiveness of the proposed hybrid methods. Also, the evaluations suggest that the 

models can be applied to summarize any kind of lengthy sports videos to enable 
transmission over low-bandwidth networks. 
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2 A brief description on the state of the art of the research 

The rapid explosion of devices and the extensive internet connectivity in the world 

has led to the outbreak of data like never before. This data covers textual data as well 

as streaming contents that are made accessible to all the users connected to the 

internet [1]. Among the multimedia types, streaming content gains a lot of audiences 

as it is more expressive and some of the examples include sports videos, CCTV 

footages, user videos, TV videos, etc. Based on the analysis, it is identified that sports 

videos are watched by most people around the world [2]. It is due to this reason that 

the broadcasters generate a massive collection of sports videos and transmit it through 

the network as it delivers commercial benefits. But the problem with this generation 

is that the videos are lengthy and demand more storage spaces as well as higher 

bandwidth requirements. Though there is a tremendous advancement in technological 

growth to deal with multimedia content, the exponential increase of these videos 

should not be overlooked [3-5]. 

 Live sports telecasted on TV and the internet are exciting but, the time duration of 

this telecast is high. The busy schedules of the people in modern days make it 

difficult to watch these lengthy videos that are only telecasted at a particular time. 

Therefore, most people prefer watching the highlights of these videos that are as short 

as possible [6, 7]. Full-length live videos comprise audio, video, and textual features 

that are synchronized in a proper way to deliver useful content. Video summarization 

is an approach to generate the highlights by evaluating the full-length videos and 

selecting the most useful content based on the viewer's interest [8]. This task is a 

tiring one as it requires a complete evaluation of the videos that are affected by 

several lighting and editing effects, camera orientations, background noise, etc. 

Among the sports events, cricket is the most popular one that is watched by several 

million people throughout the world. But the fact is, there are not many works 

concentrated on the highlight generation of cricket videos as these videos are of 

longer duration with more time complexities [9-12]. 
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 Cricket video summarization techniques help the broadcasters to gain useful 

content from the lengthy videos that match the user's interest. The live actions are 

monitored and the key events are identified so that the summarized version of the 

video can be more informative [13]. Since the manual analysis and highlight 

generation tasks required huge efforts and are error-prone, automated techniques are 

formulated to accurately generate the highlights. This thesis work presents solutions 

to generate informative highlights for the cricket videos through a thorough analysis 

of the events changes involved in the videos [14]. All the three modalities such as 

audio, visual, and textual features are considered to develop the framework [15]. The 

excitement clips in the cricket videos are highly useful to identify the interesting parts 

and this is differentiated by the audio energy in the video. Apart from this, the key 

events in the videos are determined and matched with the higher-level concepts to 

generate the required highlights [16, 17]. 

3 Problem Definition 

Highlight generation for cricket videos is affected by different factors present in the 

cricket videos. The most common factors include the illumination conditions in the 

video, background noise, editing effects, game structure, etc. The key frames in the 

cricket video are identified by determining the exciting clips based on the variations 

in the frequencies of audio energy. This is done by identifying the variations of 

frequencies in the audio energy extracted from the cricket video. The problem in 

determining the audio energy is the presence of background noise which is one of the 

most common factor in any cricket video. Shot boundary detection step helps to 

identify the shot boundaries in a video that are of prime importance and can be added 

along with the highlights. Shot boundaries can be defined as the boundaries and 

transitions between consecutive shots in a cricket video. Detecting the shot 

boundaries include different limitations where the most important one is the 

orientations of the camera. The shots present on every clip may provide useful 

information and an ideal technique should be capable of detecting all the shots of 
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every excitement clips. Localization of score-card region is also important as it 

provides important information about the game. The transitions in the videos affect 

the accurate detection or localization of score-board region. The key frames in the 

cricket video are needed to be selected in a way that provides all the required 

information to generate effective highlights. For selecting the key frames, the 

importance of each key frame is determined and then appropriate decision is taken to 

form the summary. Owing to different influential factors in the cricket video like 

illumination effects, transition effects, gaming complexities, etc. it is difficult to 

accurately determine the key events of the videos. To address all the above-

mentioned limitations, this thesis work proposes effective hybrid frameworks for 

cricket video summarization. 

4 Objective and Scope of work 

The main aim of this research is to explore techniques for cricket video 

summarization through exciting clip annotation, replay detection, key frame detection 

and shot boundary detection using the excitement and event-driven features. Video 

summarization tool is mostly used to determine the crisp representation of lengthy 

videos by determining the key frames. The objective of the thesis is to design and 

implement robust techniques that are not influenced by the editing effects, 

illumination conditions (i.e. difference in daylight and artificial light), background 

noise (i.e. audience noise), computational cost, etc. 

Exciting clips in a cricket video determine the important events and it can be 

identified by the audio energy resulting from the spectators' cheers and 

commentaries. By extracting the excitement clips, the key event recognition process 

can be boosted by reducing the computational complexity involved in processing a 

full-length video. This step divides the lengthy video into smaller excitement clips 

and the key event recognition can be done only on the excitement clips. These 

exciting clips are further used in the process of concept annotation to generate the 
cricket highlights. 
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The Shot boundary is another method of processing the cricket videos by partitioning 

the videos into different shots that reduces the complexity involved in processing. 

These shots are then classified into long, medium, close-up and out of field/crowd 

shots. Shot classification helps to bridge the semantic gap between the high and low-

level events involved in the videos that can be used for video summarization. Sample 

images for shot boundary is displayed in Figure 4.   

 

Figure 4: Sample images for shot boundary 

As mentioned above, the objective is to present automatic video summarization 

approaches that can deliver the key events of a cricket video as highlights by reducing 

the duration of the video. Thus, the ultimate aim is to detect the key events occurring 

in a cricket video through the implementation of an effective key event detection 

framework. The major challenge involved in the key event detection process is the 

length of the video as the cricket video may last for up to 40 hours covering an 

approximation of 3.6 million frames. Therefore, this thesis investigates the ways to 

determine the keyframes of the cricket videos irrespective of the duration of the 

matches. To identify the keyframes, the audio, visual and textual features are 

determined and are used in combination to model effective techniques for cricket 

video summarization. 

The main objectives of this thesis work are to develop, implement and evaluate the 

following research topics: 
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 Effective key event recognition and highlight generation scheme to generate 

highlights for cricket videos. 

 An efficient shot classification and key event detection method to generate 

summaries for lengthy cricket videos with reduced computational 

complexities. The size and number of parameters in the model is reduced to 

minimize the overall complexity. 

5 Original contribution by the thesis 

The main contribution of this thesis work is as follows: 

5.1 Event recognition and highlight generation 

 An optimized hybrid model is proposed to automatically label the exciting 

concepts present in the cricket video based on the key events observed. 

 Improving the efficiency of the cricket highlight generation process by 

combining both the event-driven and excitement-driven features. 

 The hue histogram difference is computed between the neighboring frames to 

determine the key events from every exciting clip of the cricket video. This 

step reduces the overall computational time complexities. 

 The proposed model is robust to any changes in camera orientations, 

illumination conditions, lighting and editing effects, video duration, replay 

speed, game structure, broadcasters, etc. 

5.2 Shot classification and cricket video summarization 

 A hybrid machine-learning model is proposed to automatically summarize the 

cricket video irrespective of the complexities and rules involved in the game. 

 This approach combines event-driven, excitement-driven, and object-driven 

features to detect the key events for effective summarization. 

 The excitement present in the audio energy is detected with an additional level 

of confidence by introducing a “speech to text” framework. This framework 
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transcript the speech or audio energy into textual cues for better performance 

this helped the model to gather more useful excitement clips. 

 A novel hybrid shot classification model is built to classify the scenes present 

in every exciting clip. 

 A two-stream networking structure-based classifier is proposed to generate 

the required summary by considering the action features extracted from the 

umpire gestures and score-board regions. 

 The training of the proposed model is improved by providing more 

meaningful data that reduced the computational complexities involved in 

summarization and results in improved overall accuracy. 

6 Methodology of research, results / comparisons 

6.1 HDNN EPO: The summarization of extended cricket video is to a short-lived 

form is termed as a cricket highlight generation. While summarizing, it maintains the 

presence of essential moments in the original video. In this research, a novel method 

(combination of optimization and neural network) is developed to recognize the key 

events and also for video summarization. Initially, the excitement clips are extracted 

with the aid of audio features. After extracting excitement clips, the essential events 

such as replay, players, umpires, spectators, and players gathering are extracted. After 

the process of extraction, for concept labeling in the cricket video, an HDNN-EPO is 

proposed. Then the selection of labeled concepts is performed based on the 

importance degree (i.e. the degree or rank set by the user based on their priority). The 

efficacy of the developed method is analyzed via the simulation results and also it is 

compared with existing approaches to highlight the proposed work. Performance such 

as precision, recall, and accuracy is evaluated. The framework of the proposed 

method is explained in the following. 

The cricket video summarization and detection of key events are done spontaneously 

with the aid of a highly developed optimized neural algorithm. The diagrammatic 
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representation of the developed event recognition and video summarization is 

illustrated in Figure 6.1. 

Cricket Video Exciting Clip 
Extraction

Key frame 
Extraction

Event 
Detection

Event 1 Event 2 Event n

HDNN-EPO for concept labeling

Concept 1 Concept 2 Concept k
Highlight 

Generation
 Generated 
Highlight

…..

…

Importance degree

 

Figure 6.1: Schematic diagram of the proposed methodology 

Initially, the captured cricket video is inclined as an input for the developed method. 

Extractions of audio features are extracted for the clip extraction from cricket video. 

With the aid of extracted audio features, the exciting clips from the cricket video are 

extracted. The emotional moments or consequences of cricket can be constituted by 

the utilization of spectators' cheering, shouting, and applause. An example to 

represent the audio energy for speech is displayed in Figure 6.2.  

 

Figure 6.2: Audio energy signal for speech and its frequency range 
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From the exciting clips, the keyframes or short boundaries are detected by examining 

the deviation of the Hue histogram among the neighboring frames. By this extraction 

approach, the complexity of computational time gets diminished. By positioning the 

scorecard region, from the real frames the replay frames can be adapted. To establish 

the pitch view, boundary view, batsman, fielders, umpires, players gathering, and 

spectators the low-level features such as color and edge are extracted. The reaction of 

cricket players can be detected with the aid of action recognizers (i.e. it is a 

framework used to recognize the shots being played by the player or to determine 

their actions) during wickets, boundaries, injuries, and disputes/arguments between 

umpires and players. And for the label concept, the hybrid optimized neural network 

is developed. For a peculiar exciting clip, the HDNN-EPO is introduced. Finally, the 

highlight generation is emphasized to ordering the nominated exciting clips in the 

temporal order. 

To provide the cricket video through the online network by machine learning-based 

video summarization, a hybrid machine learning approach is introduced. The flow of 

the proposed method is illustrated in figure 6.1. Initially, the cricket videos are 

inputted into the system then the audio streaming is extracted from the video 

streaming. Each of the exciting events from the video clip consists of some of the 

events like replay, close-up view of player; zoom in of referee, players gathering, and 

spectators. The inputted cricket videos are pre-processed by the operations of 

commercial and replay removal. In which the commercial is extracted by the cut 

density based on color and motion features. In commercial extraction, the audio and 

video cuts from the cricket video are identified after that boundaries are refined by 

adding the audio and video information simultaneously. The audio and video streams 

are extracted from the inputted video. From the audio stream, the speech to text is 

recognized using the ‘speech-to-text’ framework. Some pre-processing approaches 

such as transformation of color frames to gray-scale images and down-sampling. The 

commercial shots are continuous and appear in groups thus some kinds of techniques 

are adopted for the extraction of commercial sequences. The replay events are 
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examined by checking whether the scorecard is presented or not. Besides this, the real 

match may be telecasting previously played match highlight. As in this case, the 

highlight segments have high playback rate and frame transition rate as normal 

segments. Thus the playback rate and frame transition rate of each segment in 

inputted cricket video are recognized for removing the previously highlighted match 

from the current cricket video.  

6.2 SGRNN-AM: In this proposed method, the key events detection process has a 

four-stage framework, in the first stage the key frameworks are examined by exciting 

frameworks through an audio stream of cricket video. Here the process is enhanced 

by the addition of speech to text recognition frameworks along with a stacked gated 

recurrent neural network with an attention module (SGRNN-AM) for the 

identification of excitement clips. Then the shots from each clip are classified by the 

proposed hybrid rotation forest deep belief network (HRF-DBN). Here the accuracy 

of DBN is enhanced by the rotation forest ensembles approach. The subsequent 

modules analyze the location of the scorecard of a particular video and additionally 

extract the action features of the umpire frame for observing the key events. Finally, 

the characters and features are extracted from the location of the scorecard, and the 

umpire frames are given as an input to SRGNN-AM for including the important 

activities from the cricket vides like four, six, and wicket in the highlight. The 

accuracy of SGRNN-AM is improved by adopting the gated recurrent units (GRU). A 

brief description of each module of the proposed method is given below Figure 6.3.  
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Figure 6.3: Hybrid machine learning-based video summarization  

7 Achievements with respect to objectives 

An optimized hybrid model for event recognition and summarization by combining 

both the event-driven and excitement-driven features. The exciting clips in the video 

are useful in the key event detection process. Thus, the audio energy present in a 

cricket video is determined and the exciting clips are extracted. Then, the exciting 



 15 

clips are labeled effectively and the labeled concepts are chosen based on an 

important degree to form the cricket highlights 

A novel hybrid model for cricket video summarization by considering the event-

driven, excitement-driven, and object-driven features. Apart from determining only 

the audio energy, this approach adds additional confidence through the use of an 

effective "speech to text" framework to extract all the exciting clips. The characters 

and action features from the scoreboard and umpire gestures are determined to detect 

the keyframes from the exciting clips. Finally, an improved video summarization 

module is proposed to generate an effective summary for a cricket video. 

8 Conclusion 

 Cricket is a popular sport played in the field by two teams with eleven 

members on each team. It has many fans and viewership around the world. 

Nowadays, cricket matches are viewed and shared internationally through live 

satellite broadcasting. However, cricket is generally a long duration and complex 

game with many more rules than other games like soccer, hockey, etc. So, due to its 

complex rules maximum range of events will be significantly based on circumstantial 

factors. Further, due to the emergence of a large number of sports, it has been 

difficult for the viewers to watch every news by consuming more time on cricket 

matches. Therefore, the process of cricket video highlight generation is necessarily 

required, and it has been considered as a significant research area due to its 

commercial importance and high viewership. Cricket highlight generation is defined 

as a process in which full-length video can be summarized into a shortened form by 

preserving the significant moments found in the original video. Many existing 

methods such as BBN, event-driven based non-learning model, distinctive 

algorithms, etc., have been introduced recently based on event and excitement driven. 

However, the event-driven model needs a long duration for generating the highlight, 

and the excitement-driven or other approaches take less duration but it minimizes the 
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efficiency. Since the existing methods use fewer annotation models and optical 

semantic concepts.  

 Therefore, by considering the above limitation, an efficient cricket highlight 

generation model, HDNN-EPO has been introduced using semantic meaningful 

concepts. In the HDNN-EPO model, the key events are extracted initially by 

employing low-level features namely skin tone, jersey color, edge density, and field. 

The exciting moments are described based on the spectator's applause, shouting, and 

cheering. The Hue histogram difference between the neighbors' frames is computed 

to identify the short boundaries or keyframes of each exciting clip. So that the 

complexities in the computation time can be reduced. Further, the scorecard regions 

can be located for differentiating the replay frames from the real frames. Then, to 

recognize fielders, player’s gatherings, batsmen, spectators, pitch view, umpires, and 

pitch view, low-level features such as edge, color has been extracted. Moreover, 

boundaries, disputes, wickets, injuries, etc., can be identified using an action 

recognizer. The action recognition process and low-level feature extraction algorithm 

are used to mine the events from each exciting clip. The HDNN-EPO method is 

employed for specific exciting clips to label the concept, and finally, arrange the 

selected clips in temporal order to generate the highlight. The performance is 

evaluated in terms of accuracy, precision, and recall. Finally, better outcomes of 

93.71% accuracy, 93.43% of precision, and 92.46% recall have been achieved 

efficiently. 

However, the HDNN-EPO model requires more optimal features to train and 

classify the input properly for attaining better accuracy. Therefore, to enhance the 

accuracy and minimize the computation complexity (by reducing the time taken for 

computations), there is a need for training through meaningful data. So, a hybrid 

machine learning method is introduced for automatically detecting key events and 

summarizing cricket videos. The hybrid model examines event, object, and 

excitement-based features from the cricket video to find the key event. First, the 

audio contents are examined by a speech-to-text framework, adaptive threshold (i.e. 
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binarization), and SGRNN-AM to extract the exciting clips. Then, HRF-DBN is 

introduced to classify the scenes of every exciting clip. Subsequently, the action and 

character features from the scorecard region of every umpire frame and key-frames of 

exciting clips have been extracted. Eventually, the key events such as wickets, sixes, 

and four are detected by employing the SGRNN-AM model. Moreover, accuracy is 

enhanced by using the attention module in the hidden output of GRU to choose the 

most important features. As a result, the proposed hybrid model has achieved 96.32% 

accuracy, 96.82% precision, 95.41% recall, 0.18% error rate, and 95.97% F1-score. 
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