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Abstract
The main goal of this study is to create a strong deep learning-based system for finding 

shot boundaries and judging the quality of movies by combining mathematical models and 
statistical analysis. Aesthetic evaluation helps people understand visual material better, 
and shot border recognition is an important part of video analysis. We come up with a new 
approach that uses convolutional neural networks (CNNs) to improve the accuracy of shot 
border recognition by extracting features and using mathematical modeling. The model’s 
performance is improved through statistical analysis, which makes sure that changes between 
shots are correctly identified. Proposed method also includes judging how something looks 
by combining deep learning methods with mathematical models that understand how 
things look. This two-in-one model gives a full picture of video material, which helps with 
both content selection and improving the user experience. We test our method on a variety of 
video datasets and show that it works better than other methods. The way our deep learning 
approach uses mathematical models and statistical analysis together not only raises the bar 
for finding shot boundaries, but it also helps the new field of judging the aesthetic quality 
of video material. This study creates a useful and flexible tool for analyzing videos, which 
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opens the door to better uses in fun, content creation, and multimedia. The proposed method 
is implemented MATLAB and the performances evaluated based on performance metrics 
such as such as accuracy, precision, sensitivity, specificity and recall. And the accuracy of the 
proposed system is obtained as 93.12%. And to assure that the proposed system functions 
effectively in aesthetic assessment of video a contrast is made with the conventional technique 
such as Hand-Crafted Feature (HCF) technique, Neural Network (NN) and Support Vector 
Machine (SVM).

Subject Classification:  03D78.

Keywords: Shot boundary detection, Aesthetic classification, AlexNet CNN, Quality video, Video 
processing.

1.  Introduction

Because of improvements in communication technology, multimedia 
has grown very quickly. This has caused a huge amount of video data to 
flood in from many places, such as police cameras, long films, and sports 
events [1, 2]. Video processing, an important step before information gets 
to watchers, includes tasks like summary, abstraction, labeling, search, 
and user interface design in various fields [3]. Two important methods in 
video processing are shot border recognition and beauty rating [4]. These 
are used in the beginning stages of video analysis and have a big impact 
on the whole process. A “shot” is a series of pictures that are taken one 
after the other by a camera [5, 6]. It is important to find the borders between 
shots. These [7] changes can happen quickly (cut transition) or slowly, 
using fades, wipes, or splits to connect frames. Aesthetic evaluation, on 
the other hand, looks at how visually appealing films are to people, with 
better aesthetic quality being better [8, 9]. Image aesthetics have been tried 
to be estimated in the past using handmade features, optimization, and 
grouping [10], but there are still problems with detecting shot boundaries 
and judging video aesthetics. New methods for judging beauty have been 
studied, including Machine Learning (ML) and optimization techniques 
like Neural Networks (NN), Support Vector Machines (SVM), Genetic 
Algorithms (GA), and fuzzy systems [13, 14]. 

The proposed system has some major contribution in the process of 
analysis of video content which are given as follows. 
•	� To develop deep learning-based technique for aesthetic assessment 

of video using statistical analysis. 



MATH MODELLING OF SHOT BOUNDARY DETECTION� 371

•	� To attain effective classification among appealing and non-appealing 
video, the proposed system is designed. 

•	� The proposed method is designed for efficient detection among cut 
transition and gradual transition in video shot to analysis aesthetic 
assessment of video. 

•	� Deep learning based approach is used in this proposed system for 
performing automatic aesthetic classification.

Several approaches were developed by various authors to perform 
shot boundary detection boundary and aesthetic assessment of video. 
Among them fewer approaches were designed on the basis of ML 
algorithms. Some of the research work related to shot boundary detection 
and aesthetic assessment of video will be reviewed in this section. [11] had 
designed orthogonal polynomial (OP) for achieving efficient shot 
boundary detection. In this present work for identifying the transitions 
present within the video sequences, the features that are obtained based 
on orthogonal transform domain was utilized. The frames in the [12] video 
were represented with the help of moment in order to restrain the 
information content. For finding moment, the developed OP namely 
squared Krawtchouk-Tchebichef polynomial was used. The obtained [16] 
moments will be joined together to generate the feature vector. At last to 
classify the different transition Support Vector Machine (SVM) was used. 

2.  Proposed Method

The tremendous growth in the field of multimedia had led to the 
development of digital information system in terms of both quantity and 

Figure 1
Architecture of Proposed System
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quality. So analysis of video content automatically [17] is considered as 
significant and it is essential for further processing of video. For achieving 
effective processing of video, generally the approach such as aesthetic 
assessment of video was considered as vital. Above Figure 1, shows the 
architecture of the proposed system. 

2.1  Collection of Video dataset

The video dataset shown in Figure 2 take an in input to proposed 
system to created, through conducting the different survey. Generally, 
many number of shots will be joined together to form a video. The 
collection of videos is the foremost step in video analysis and it is 
considered as significant. 

2.2  Training phase 

The training video dataset that was created in previous step is 
considered in order to perform further processing. 

2.2.1  Framing of video

After the video trimming the next step employed in the proposed 
system is the framing of video. The individual frames will appear as an 
image. The processing can be done effectively with the help of framed 
video.

2.2.2  Extract key Frame from Image 

Usually, many numbers of frame will be present in video [19]. The 
sequence of frame which is included to be representative and which 
possess the summary related to the entire content of video is referred to as 
key frame. 

Key frame extraction algorithm 

One way to get a key frame from an algorithm [18] is to look at the 
absolute difference between the histograms of two or more frames.

Step 1: Extraction of frames from video 
•	� The initial step carried out in this algorithm is extraction of the 

frames from the trimmed video. 

Step 2: Calculate histogram
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•	� Once the frames have been extracted, the next step is to find the 
difference in the histograms of two frames that come after each other.

2( 1( ) 2( ))
1( )( 1, 2) (1)

I
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Step 3: Estimate mean and standard deviation of absolute difference 
•	� The mean and standard deviation of the absolute difference of the 

histogram.
1 ( ) (2)
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Step 4: Compute the threshold value
•	� The value for threshold related to absolute difference of histogram 

will calculated based on mean and standard deviation value obtained 
in previous step. 

(4)T µ σ= +

Step 5: Proceed till the end of video 
•	� The above process for key frame extraction will be kept going until 

the end of the video is finished so that all of the key frames in the 
chosen video can be gathered. 

Figure 2
Sample Dataset
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3.  GrabCut algorithm

The GrabCut algorithm [20],[21] is a way to neatly divide a picture 
into focus and background areas based on what the user says. An repeated 
improvement process in the program makes the division better.

Algorithm:

1.	 Initialization:
	 -	 Define an initial bounding box around the object of interest.
	 - 	� Assign each pixel to either the foreground or background based 

on its location inside or outside the bounding box.
2.	 Gaussian Mixture Model (GMM):
	 -	� Represent the image as a mixture of Gaussian distributions for 

both foreground and background.
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3.	 Graph Cuts:
	 -	� Construct a graph where pixels are nodes, and edges represent 

the relationships between pixels.
	 -	 The optimal segmentation by minimizing the energy function.

{   } {( , )  }( , ) _{ } (6)p U p q VE U V Dp V pq∈ ∈= Σ + Σ

4.	 Iteration:
	 -	� Refine the segmentation by iteratively updating the GMM 

parameters and optimizing the graph cuts.

4.  Design of CNN model: AlexNet

There are eight layers in AlexNet CNN as shown in Figure 3, including 
three Fully-Connected Layers [22], [23], and two Convolutional and 
Pooling layers. It lets you train on more than one GPU by spreading 
neurons across GPUs [24]. Using a model that has already been taught for 
Image Classification tasks, AlexNet is very good at finding objects in 
pictures. It works with pictures that are 224 x 224 in size.
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Figure 3
Representation of AlexNet

Algorithm:

1.	 Input Layer:
	 -	 Accepts a color image with dimensions (224 x 224).
2.	 Convolutional Layer 1 to 5
	 -	� Applies the first convolution operation with a filter size of 

11x11, a stride of 4, and 96 filters.
	 -	 ReLU Activation function:
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3.	 Max Pooling Layer 1 to 3
	 -	 Performs max pooling with a filter size of 3x3 and a stride of 2.

(1)(2   , 2   , )(2)( , , ) max( 0 to 2)max( 0 to 2) i l j m kl m na l m a + += = =

4.	 Fully Connected Layer 1:
	 -	� Connects all neurons from the previous layer to each neuron in 

this layer.
6 6 2566
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5.	 Fully Connected Layer 2:
	 -	� Connects all neurons from the previous layer to each neuron in 

this layer.
(10)( ) (7)( , ) (9)( ) (7)( ) ( ( 1 to 4096)   )k l k l ka ReLU l w a b= Σ = ∗ +

6.	 Fully Connected Layer 3 (Output Layer):
	 -	 Multi-class classification.
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5.  Result and Discussion

Table 1 shows the difference between the real number of shots in a 
movie and the number of shots found by CNN and a handmade method. 
The results show that the proposed system is more accurate at finding 
shots than the old way that was done by hand. 

This shows the efficiency of the proposed system is shot boundary 
detection. Following the process of shot boundary detection, the second 
process performed in CNN is aesthetic classification. The output obtained 
as result of shot boundary detection is sent as an input into classifier to 
achieve aesthetic classification of video. 

Figure 4 shows a comparison between the picture that was given and 
the image that was split from it. The input image is the original picture 
that was sent in, and the split image shows how the image segmentation 
process worked by showing different areas or items as shown in Figure 4.  

Table 1
Number of Shots Detected In Shot Boundary Detection

Sr. 
No

Contrast 
value

Shots 
present

Number of shots detected
(handcrafted)

Number of shots 
detected (CNN)

1 High 5 3 5
2 Low 4 2 3
3 Low 2 2 2
4 High 2 1 2
5 low 5 2 5
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This picture helps us figure out how well the division process is working. 
The statistical parameters values that were found for the proposed system 
are shown in Table 2. A scientific method is used to figure out the numbers 
for these metrics. The accurate number will be the main factor that 
determines how well any suggested system works.

When the accuracy number is found to be 1, the suggested method is 
said to be 100% effective. The number for accuracy for this suggested 
system is 0.9312. The suggested system’s memory, accuracy, sensitivity, 
and specificity were then found to be 0.9023, 0.9223, 0.9456, 0.9607, and 
0.9123, respectively. These measures can be used to get a rough idea of 
how well the suggested system will work. Also, to show that the suggested 
system works well for classifying videos based on their aesthetics 
compared to other methods, a comparison study needs to be carried out.

Figure 4
Representation of Input Image and Segmented Image

Figure 5
Shot boundary Detection
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Table 2
Metrics for measuring how well the proposed system works

Performance metric CNN AlexNet 
(in %) Accuracy 93.12
(in %) Recall 90.23
(in %) Precision 92.23
(in %) F1 score 94.56
(in %) Sensitivity 96.07
(in %) Specificity 91.23

The purpose of the comparison study was to show that the planned 
system works better than other common methods. The only thing that can 
be used to compare is how well the created method works. 

Figure 6
Graphical Representation of Shot Boundary Detection

	                                (a)                                                               (b)
Figure 7

Comparison of (a) Accuracy, Recall and Precision (b) F1 Score, Sensitivity and 
Specificity
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The success measures are used to compare how well different 
methods work. In order to do a comparison study, the same metrics that 
were used to judge the suggested method were also used to judge other 
methods that were already in use. 

HCF, NN, and SVM are the standard ways to compare two situations. 
Table 3 and Figure 7 shows the success metrics that were found for both 
the traditional method and the suggested method. The above-mentioned 
Figure 6 shows a graph for shot border identification, similar to the one in 
Figure 5. There are two main types of changes that can be found in a 
movie. One is a blunt change, and the other is a smooth shift.

6.  Conclusion

Modern video processing needs more complex methods, and this 
work fills that need for more complex video analysis. Our suggested 
system uses Convolutional Neural Networks (CNN) to do a great job of 
finding the edges of shots and classifying movies based on how they look. 
The important thing about this study is that the CNN-based method is 
automatic and works well, which helps improve the quality of video 
material. The first step in video analysis is to count the number of shots in 
a video. Next, the video’s aesthetics can be categorized based on this 
information. In tests, the system works much better at judging how 
something looks than other methods, as shown by the large improvement 
in accuracy. The comparison study with other methods confirms that our 
suggested system works better. Combining mathematical models and 
statistical analysis, this study not only creates a new way of thinking about 
deep learning, but it also provides a strong and dependable way to process 
videos. Because of this, this work lays the groundwork for future 

Table 3
Comparison Analysis for Proposed and Existing Method

Performance metric HCF NN SVM CNN Alexnet
Accuracy 0.8123 0.8656 0.8933 0.9312
Recall 0.8578 0.8390 0.8950 0.9023
Precision 0.9567 0.9345 0.9309 0.9223
F1 score 0.8797 0.8978 0.9089 0.9456
Sensitivity 0.8817 0.9047 0.9215 0.9607
Specificity 0.9340 0.9264 0.9279 0.9123
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improvements in multimedia apps. It shows how deep learning can be 
used to accurately find shot boundaries and judge the quality of a video, 
making the watching experience better for users.
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