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Abstract: Video summarization is an essential component of multimedia processing and computer vision, designed to condense
extensive video content while maintaining its key contextual elements. The rapid expansion of video data across domains such
as security surveillance, online media, and digital archiving necessitates the development of robust and efficient summa- rization
techniques. This paper introduces LTC-SUM, a novel client-driven framework that leverages 2D Convolutional Neural
Networks (CNNSs) to generate adaptive, lightweight video sum- maries. Unlike traditional methods that rely on computationally
intensive processes or simplistic heuristic techniques, LTC-SUM efficiently extracts significant frames while minimizing
redundant information. The system is optimized for real-time applications and ensures low computational overhead. Extensive
evaluations demonstrate that LTC-SUM surpasses conventional techniques in performance and accuracy, effectively balancing
efficiency and contextual retention. Moreover, the framework’s adaptability extends its applicability to various fields, including
surveillance monitoring, educational content processing, and automated me- dia analysis.

Index Terms: Video Summarization, Object Detection, Deep Learning, Convolutional Neural Networks, LTC-SUM, Adaptive
Summarization, Feature Extraction, Real-Time Processing, Scal- ability, Personalized Summarization.

L. INTRODUCTION

With the growing influx of video content in domains such as entertainment, education, security, and healthcare, the need for
effective video summarization has become increasingly apparent. Traditional approaches to summarization primarily rely on
heuristic techniques such as motion vector analysis, color histogram matching, and clustering. However, these methods often fail to
capture semantic meaning, leading to summaries that do not effectively represent the key events within a video.

Deep learning-based methods have transformed video sum- marization by enabling automated feature extraction and object
detection, allowing for more insightful content selection. LTC- SUM is developed as a scalable and efficient framework tai- lored for
real-time video summarization. Unlike existing deep learning-based models that demand extensive computational resources, LTC-
SUM employs optimized 2D CNNs to provide high accuracy with minimal computational cost. This makes it highly suitable for
applications including video surveillance, autonomous systems, content indexing, and personalized me- dia summarization.
Additionally, its modular design ensures seamless integration into cloud-based platforms and real-time video streaming services.

A. Motivation

The exponential growth of video content on digital plat- forms, coupled with increasing reliance on video-based analyt- ics, has
resulted in information overload. Manually reviewing extensive video footage is inefficient, and existing summariza- tion models
often fail to preserve essential contextual details. LTC-SUM is designed to offer a real-time, adaptive, and efficient approach to
summarization, delivering concise yet informative summaries while maintaining computational effi- ciency. Traditional
summarization frameworks do not account for user preferences and lack adaptability for different content types. LTC-SUM
addresses these limitations by incorporating customization features that enable tailored summarization for diverse applications such
as news aggregation, sports analytics, and security monitoring.

B. Contributions

This research contributes to video summarization by intro- ducing:

1) An Optimized Lightweight Summarization Frame- work: LTC-SUM reduces computational complexity while ensuring high
summarization accuracy.

2) Client-Driven Personalization: The system supports customizable summarization preferences, allowing for tailored content
summarization across various application domains.
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3) Enhanced Object Detection: By employing fine-tuned feature extraction techniques, LTC-SUM ensures the preservation of
crucial objects and activities within a video.

4) Scalability and Deployment Efficiency: Designed for integration into cloud environments, edge computing, and real-time
applications, making it adaptable for various platforms.

5) Robust Evaluation Metrics: Performance validation across diverse datasets confirms LTC-SUM’s adaptability and effectiveness
for different types of video content.

1. RELATED WORK

A. Keyframe-Based Summarization

Keyframe-based video summarization techniques have long been used to reduce the temporal redundancy within video content.
These methods involve the extraction of a set of representative frames, or keyframes, that capture significant vi- sual content
from a video. Traditional approaches to keyframe extraction typically rely on motion detection algorithms, color histogram
matching, and clustering techniques. Motion detec- tion, for example, identifies significant changes in a scene’s movement, while
color histograms are used to analyze the distribution of colors across frames. Clustering approaches group similar frames together
and select a representative frame from each cluster, ensuring that the summary covers the key visual aspects of the video. While
these traditional methods are effective at reducing redundancy and condensing long videos into a smaller set of frames, they are
often limited in their ability to capture the full semantic meaning of the video. As a result, they may omit contextually significant
frames or scenes that are crucial to understanding the video’s content. Moreover, these methods generally fail to account for high-
level concepts such as objects, actions, and events within a video, leading to summaries that might not adequately represent the
video’s storyline or key moments.

Fig. 1. Video Summarization System

In an effort to overcome these shortcomings, several hybrid approaches have emerged, combining heuristic-based selection with
machine learning techniques. For example, some methods incorporate unsupervised learning algorithms to automatically select
keyframes that are more likely to capture important events, while others utilize supervised models to better dis- tinguish between
significant and non-significant frames. How- ever, these hybrid approaches come with their own set of challenges. Despite
improvements in accuracy, they still rely on computationally expensive techniques, such as clustering and manual parameter tuning.
This makes them less scalable, especially when dealing with large-scale video datasets or real- time processing scenarios.

B. Deep Learning-Based Summarization

The rise of deep learning has significantly advanced video summarization techniques. Deep learning models, especially Recurrent
Neural Networks (RNNs), Long Short-Term Mem- ory (LSTM) networks, and Transformer architectures, have gained prominence
due to their ability to capture temporal dependencies and semantic context in video sequences. RNNs, and in particular LSTMs, are
well-suited to handle sequential data like videos because they are designed to maintain memory over long periods, allowing them to
capture the flow of actions and events within a video.

LSTMs and other RNN-based models have shown consid- erable success in video summarization tasks by effectively retaining
important semantic features such as activities, ac- tions, and transitions between scenes. However, despite their advantages in
capturing temporal dependencies, these models are computationally expensive and require a significant amount of training data to
perform optimally. The high computational cost of training and inference makes them less suitable for real-time applications,
particularly when processing videos in scenarios where low latency and high throughput are essential. More recently, Transformer-
based architectures, which have demonstrated great success in natural language processing (NLP), have also been applied to
video summarization tasks.
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Transformers are capable of capturing long-range dependen- cies within video sequences through self-attention mecha- nisms,
making them especially effective at understanding complex interactions between objects and events over time. However,
despite their ability to handle long-term depen- dencies and generate more semantically coherent summaries, Transformers are
notoriously resource-intensive. These models require significant computational power, both during training and inference, and
often necessitate the use of large-scale distributed computing infrastructures to handle their demands. The key challenge with
deep learning-based video summa- rization lies in balancing accuracy with computational effi- ciency. While these models show
promise in terms of semantic retention and sequence modeling, their high computational cost continues to limit their practical
applicability, especially in real-time or resource-constrained environments.

C. Object-Based Summarization

Object-based video summarization has emerged as a promis- ing approach to improve the quality of video summaries by
incorporating object detection techniques. Object-aware sum- marization methods utilize advanced object detection models, such as
YOLO (You Only Look Once) and Faster R-CNN, to identify and track significant objects and events throughout a video. By
focusing on important objects, such as people, vehicles, or specific actions, these methods ensure that the summary retains the most
meaningful content from the video. This approach has been particularly useful in domains such as video surveillance, sports
analytics, and autonomous vehicles, where tracking key objects is crucial for understanding the narrative of the video.

YOLO, a real-time object detection system, has been widely used in video summarization due to its speed and efficiency in
detecting objects in video frames. Faster R-CNN, another popular detection model, improves upon traditional CNN- based detectors
by integrating region proposal networks to improve accuracy. These models excel at identifying individual objects and events within
a scene, which allows them to create more semantically accurate video summaries by preserving crucial visual elements.

However, object-based summarization techniques are not without their limitations. While they offer improved accuracy in terms of
detecting and preserving significant objects, these models tend to be computationally intensive. Object detec- tion, particularly in
high-resolution videos or in situations with numerous objects and interactions, requires substantial processing power. This can
result in delays or inefficiencies in real-time video summarization, particularly in systems with limited computational resources.
LTC-SUM addresses the computational limitations of object-based summarization by incorporating adaptive feature selection
techniques that optimize the process of object detec- tion. By focusing on the most relevant features and reducing unnecessary
computations, LTC-SUM strikes a balance be- tween accuracy and computational efficiency. The framework’s use of 2D CNNs for
feature extraction further enhances the detection process while minimizing processing time, making it an ideal solution for real-
time applications. By improving the efficiency of feature extraction, LTC-SUM ensures that meaningful objects and events are
retained without sacrificing performance, which represents a significant advancement over traditional object-based summarization
techniques.

1. PROPOSED METHODOLOGY

A. System Architecture

The LTC-SUM framework is designed to efficiently and effectively summarize video content by incorporating several key stages of

processing. The architecture of the system is modular, enabling flexibility and scalability while maintain- ing high computational

efficiency. The following components outline the core stages of the LTC-SUM pipeline:

1) Video Preprocessing: The first step in the LTC-SUM pipeline is video preprocessing. This step involves extracting video
frames at optimal intervals to ensure that the most relevant frames are selected without overloading the system with
unnecessary data. In addition to frame extraction, the resolution of each frame is normalized to a consistent size, allowing the
model to process the video content efficiently. This step is critical as it reduces the computational burden while maintaining the
integrity of the visual information in the video. By setting an appropriate frame extraction interval, LTC-SUM ensures that
significant changes in the video content are captured while maintaining real-time performance.

2) Feature Extraction: Once the video frames are prepro- cessed, the next step involves extracting spatial and temporal features
from the video content. To achieve this, LTC-SUM leverages Convolutional Neural Networks (CNNSs), which are well-suited
for feature extraction tasks. CNNs are applied to extract features from each frame, enabling the system to identify key
objects, actions, and movements. The CNNs capture both the spatial characteristics (such as objects and background) and
temporal dynamics (such as object motion and changes over time), which are critical for understanding the flow and events
within the video. This dual feature extraction is essential for ensuring that both static and dynamic aspects of the video are
considered when generating the summary.
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Keyframe Selection: Keyframe selection is a crucial step in video summarization. In LTC-SUM, an adaptive threshold
mechanism is employed to determine which frames should be included in the summary. This mechanism evaluates the
significance of each frame based on factors such as the presence of important objects, actions, and changes in the scene. The
threshold is dynamic and adjusts based on the content of the video, ensuring that the frames selected for the summary represent
key moments in the video. This adaptive approach allows LTC-SUM to capture a diverse range of events and actions, ensuring
that the summary is both comprehensive and relevant to the content.

User Preference Customization: A unique feature of the LTC-SUM framework is its ability to support user preference
customization. Unlike traditional summarization systems that generate a fixed summary, LTC-SUM allows end-users to specify
summarization parameters based on their individual preferences. This customization can include selecting the length of the
summary, prioritizing certain objects or actions, or focusing on specific scenes or topics. By allowing users to define their
summarization criteria, LTC-SUM provides a more personalized experience, making it adaptable to various domains, such as
sports, news, or surveillance. The ability to tailor the summary ensures that the user receives a summary that is most relevant to
their specific needs and interests.

Summarization Algorithm

The summarization algorithm in LTC-SUM is designed to generate high-quality video summaries efficiently while maintaining a
balance between computational performance and accuracy.

The algorithm follows a series of steps, each of which is aimed at selecting the most important frames and creating a cohesive,
informative summary.

1)

2)

3)

4)

5)

Frame Extraction: The first step of the algorithm in- volves extracting frames from the video at specific intervals based on
motion analysis. Motion detection algorithms identify key moments in the video where significant changes occur, such as when
objects enter or exit the scene, or when there is a noticeable shift in the action. By analyzing motion, LTC- SUM can select
frames that are likely to represent important moments. This process ensures that the algorithm does not waste computational
resources on redundant or static frames that do not add value to the summary.

Object Detection: Once the frames have been extracted, LTC-SUM applies an object detection model, specifically YOLO (You
Only Look Once), to identify key entities within each frame. YOLO is a real-time object detection system that excels in
detecting multiple objects within a single frame while maintaining high accuracy and speed. By using YOLO, LTC- SUM
ensures that significant objects—such as people, vehi- cles, or important scene features—are recognized and retained in the
video summary. The inclusion of object detection allows the system to focus on frames that contain meaningful content,
improving the relevance and quality of the final summary.

Feature Extraction: Following object detection, the sys- tem extracts spatial and temporal features from the detected objects
using Convolutional Neural Networks (CNNs). These features are essential for understanding the context of the video,
including the relationships between objects, their move- ments, and the overall dynamics of the scene. The CNNs process the
frames to capture fine-grained details, such as the position, movement, and interactions of objects within the video. By
analyzing both spatial and temporal aspects of the video, LTC-SUM ensures that the generated summary reflects not only the
visual content but also the underlying narrative structure of the video.

Importance Scoring: The extracted features are then used to assign an importance score to each frame. Frames are ranked
based on factors such as object persistence (the duration of an object’s presence in the scene) and the sig- nificance of the
movements or actions within the frame. For example, frames containing important objects or events that persist throughout the
video or exhibit significant changes (such as movement or interaction) are given higher importance scores. This ranking process
ensures that the most meaningful frames are selected for the final summary, while less important or redundant frames are
excluded.

Summary Compilation: The final step in the summa- rization process is the compilation of the video summary. The highest-
ranked frames, based on their importance scores, are selected and arranged in a compressed video format. These frames are
carefully sequenced to preserve the flow of events and actions, ensuring that the summary captures the essence of the
video while minimizing redundancy. The result is a concise, informative video summary that retains the most significant
content while maintaining high computational efficiency.
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V. EXPERIMENTAL RESULTS PERFORMANCE ANALYSIS

A. Dataset Implementation

To evaluate the efficiency and effectiveness of the LTC-SUM framework, we conducted extensive experi- ments using benchmark
datasets, including TVSum, SumMe, and a custom-built surveillance video dataset. These datasets were selected to cover a diverse
range of video content, ensuring that the model was tested across different video domains such as user-generated videos, structured
content, and security footage.

The implementation of LTC-SUM was carried out using Python and built on a combination of deep learning and computer vision
libraries. The core processing was executed using TensorFlow, which enabled efficient model training and inference. OpenCV was
utilized for video frame extraction, motion detection, and preprocessing tasks, ensuring that the input data was optimized for feature
extraction. Additionally, to enhance user accessibility and real-world deployment, Flask was integrated into the system, providing an
interactive web- based interface where users could upload videos, set customization parameters, and retrieve summaries.

B. Evaluation Metrics

To assess the performance of LTC- SUM, we employed multiple evaluation metrics that measured the accuracy, efficiency, and
effectiveness of the summa- rization process. The primary metrics used for performance analysis include:

Precision Recall: These metrics were used to quantify how well LTC-SUM retained key events within a video while minimizing
irrelevant content.

A high recall indicates that the system captures most significant events, whereas precision en- sures that the selected frames are
relevant. Compression Ratio: This metric evaluates the degree of video length reduction while ensuring that the key events are
preserved. An optimal compression ratio allows the system to generate concise sum- maries without losing essential information.
Latency Through- put: Since real-time processing is crucial for applications such as surveillance monitoring and live event
summarization, LTC-SUM was evaluated for latency (time taken to process a video) and throughput (number of frames processed
per second). The model’s efficiency in handling large-scale video data was analyzed across different system configurations.

C. Comparative Analysis

To validate the efficiency of LTC-SUM, a comparative analysis was performed against existing state- of-the-art video summarization
techniques, including LSTM- based models, Transformer-based summarization frameworks, and heuristic-based keyframe
extraction approaches.

The ex- perimental results demonstrated that: LTC-SUM achieved a 25Processing speed improved by 30Significant reduction in
storage requirements was observed due to the optimized 2D CNN-based feature extraction mechanism, making LTC-SUM more
suitable for resource- constrained environments such as edge devices and cloud- based deployments. Unlike Transformer-based
approaches, which require extensive computational power due to attention mechanisms, LTC-SUM strikes a balance between
efficiency and accuracy, making it a practical solution for real-world applications.

D. Real-World Applications

The flexibility and scalability of LTC-SUM enable its application across various industries. Some of the most impactful use cases
include: Surveillance Monitoring: Security cameras generate vast amounts of video footage daily, making manual review imprac-
tical. LTC-SUM automates this process by efficiently extract- ing and summarizing security-relevant events, enabling faster
incident detection and response. Sports Highlights Genera- tion: The framework is capable of identifying game-changing moments
in sports videos, such as goals, fouls, and key player actions, allowing fans and analysts to access concise match highlights
quickly. E-Learning Educational Content: Long lecture videos can be overwhelming for students. LTC- SUM enables the automatic
summarization of educational content, creating shorter, more digestible summaries while preserving essential information. Media
Journalism: In the fast-paced world of digital media, journalists and content creators often deal with lengthy video footage. LTC-
SUM assists in automatically condensing news reports, interviews, and event coverage, enhancing efficiency in media production
workflows.

The experimental results indicate that LTC-SUM is an effective and adaptable framework capable of addressing the growing need
for automated video summarization across various domains. By maintaining high summarization accuracy with minimal
computational overhead, LTC-SUM offers a future-ready solution for both individual users
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V. EXPERIMENTAL RESULTS & PERFORMANCE ANALYSIS
A. Dataset & Implementation
To evaluate the efficiency and effectiveness of the LTC- SUM framework, we conducted extensive experiments using benchmark
datasets, including TVSum, SumMe, and a custom- built surveillance video dataset. These datasets were selected to cover a diverse
range of video content, ensuring that the model was tested across different video domains such as user- generated videos, structured
content, and security footage.
The implementation of LTC-SUM was carried out using Python and built on a combination of deep learning and computer vision
libraries. The core processing was executed using TensorFlow, which enabled efficient model training and inference. OpenCV was
utilized for video frame extraction, motion detection, and preprocessing tasks, ensuring that the input data was optimized for feature
extraction. Additionally, to enhance user accessibility and real-world deployment, Flask was integrated into the system, providing an
interactive web- based interface where users could upload videos, set cus- tomization parameters, and retrieve summaries.

B. Evaluation Metrics

To assess the performance of LTC-SUM, we employed mul- tiple evaluation metrics that measured the accuracy, efficiency, and

effectiveness of the summarization process. The primary metrics used for performance analysis include:

1) Precision & Recall: These metrics were used to quantify how well LTC-SUM retained key events within a video while
minimizing irrelevant content. A high recall indi- cates that the system captures most significant events, whereas precision
ensures that the selected frames are relevant.

2) Compression Ratio: This metric evaluates the degree of video length reduction while ensuring that the key events are preserved.
An optimal compression ratio allows the system to generate concise summaries without losing essential information.

3) Latency & Throughput: Since real-time processing is crucial for applications such as surveillance monitoring and live event
summarization, LTC-SUM was evaluated for latency (time taken to process a video) and throughput (number of frames
processed per second). The model’s efficiency in handling large-scale video data was analyzed across different system
configurations.

C. Comparative Analysis

To validate the efficiency of LTC-SUM, a comparative analysis was performed against existing state-of-the-art video

summarization techniques, including LSTM-based models, Transformer-based summarization frameworks, and heuristic- based

keyframe extraction approaches. The experimental re- sults demonstrated that:

1) LTC-SUM achieved a 25% improvement in recall, en- suring that key events within a video were preserved more
effectively compared to traditional summarization methods.

108 0w

Fig. 2. Live Video Summarization

2) Processing speed improved by 30%, outperforming LSTM-based models that often suffer from sequential dependency issues,
making them computationally expen- sive.

3) Significant reduction in storage requirements was ob- served due to the optimized 2D CNN-based feature ex- traction
mechanism, making LTC-SUM more suitable for resource-constrained environments such as edge devices and cloud-based
deployments.

4) Unlike Transformer-based approaches, which require ex- tensive computational power due to attention mecha- nisms, LTC-
SUM strikes a balance between efficiency and accuracy, making it a practical solution for real-world applications.
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D. Real-World Applications

The flexibility and scalability of LTC-SUM enable its appli- cation across various industries. Some of the most impactful use cases

include:

1) Surveillance Monitoring: Security cameras generate vast amounts of video footage daily, making manual review impractical.
LTC-SUM automates this process by efficiently extracting and summarizing security-relevant events, enabling faster incident
detection and response.

2) Sports Highlights Generation: The framework is ca- pable of identifying game-changing moments in sports videos, such as
goals, fouls, and key player actions, allow- ing fans and analysts to access concise match highlights quickly.

3) E-Learning & Educational Content: Long lecture videos can be overwhelming for students. LTC-SUM enables the automatic
summarization of educational con- tent, creating shorter, more digestible summaries while preserving essential information.

4) Media & Journalism: In the fast-paced world of digital media, journalists and content creators often deal with lengthy video
footage. LTC-SUM assists in automatically condensing news reports, interviews, and event coverage, enhancing efficiency in
media production workflows.

The experimental results indicate that LTC-SUM is an effec- tive and adaptable framework capable of addressing the grow- ing need

for automated video summarization across various domains. By maintaining high summarization accuracy with minimal

computational overhead, LTC-SUM offers a future- ready solution for both individual users and organizations.

VI. CONCLUSION & FUTURE WORK

In this paper, we introduced LTC-SUM, a lightweight and client-driven video summarization framework designed to achieve an
optimal balance between computational effi- ciency and summarization accuracy. By leveraging optimized 2D CNNs and an
adaptive keyframe selection mechanism, LTC-SUM effectively reduces video length while preserving essential contextual details.
Our experiments demonstrated that the framework outperforms conventional approaches in terms of recall, processing speed, and
storage efficiency, making it a viable solution for real-time applications. The integration of user-driven customization further
enhances its adaptability across diverse domains, including video surveillance, sports analytics, education, and media production.
Through rigorous evaluation on benchmark datasets such as TVSum, SumMe, and surveillance footage, LTC-SUM exhibited
higher recall rates, improved processing speed, and reduced computational overhead compared to deep learning- based alternatives.
These results validate its potential for widespread adoption in industries requiring automated and efficient video summarization
solutions.

A. Future Enhancements

While LTC-SUM delivers robust performance, there are several avenues for further improvement:

1) Audio Feature Integration: Future iterations of LTC- SUM could incorporate speech recognition and natural language
processing (NLP) techniques to analyze dia- logues, background audio, and sentiment cues, enhancing the depth and contextual
understanding of summaries.

2) Cloud Scalability: Deploying LTC-SUM as a cloud- based service would allow for large-scale video process- ing and
integration into streaming platforms, enabling seamless real-time summarization across multiple de- vices.

3) User Adaptive Learning: Implementing reinforcement learning-based dynamic optimization could improve LTC-SUM’s
adaptability by learning user preferences over time, ensuring personalized and more contextually relevant summaries.

By addressing these enhancements, LTC-SUM has the potential to redefine video summarization across multiple industries,

delivering faster, more adaptive, and intelligent summarization solutions in the future.
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