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CHAPTER ONE
INTRODUCTON

1.0 Background Study

In recent years, the rise of digital surveillance systems has transformed the landscape of security,
enabling continuous monitoring, crime deterrence, and rapid response to incidents. Camera
systems are now ubiquitous in urban environments, retail spaces, transportation hubs, and
residential areas, where they play a crucial role in safeguarding both people and property. At the
core of these systems is the camera’s ability to capture and relay high-quality video, which relies
significantly on the frame rate, or frames per second (FPS), of the camera. FPS measures the
frequency at which consecutive images (frames) are displayed, directly influencing how smooth

and detailed the video appears.

In surveillance applications, FPS has a critical impact on the effectiveness of monitoring. Higher
FPS ensures that video appears smoother, capturing more frames per unit of time and thus
providing a clearer depiction of events, particularly when objects or individuals are moving
quickly. This capability is essential in scenarios such as identifying suspects, monitoring crowd
behavior, or analyzing specific incidents in high-traffic areas. Higher FPS also improves the
chances of capturing fleeting details like facial expressions, gestures, or license plates, which are

often pivotal in investigations.

However, the demand for high FPS introduces significant technical challenges. Increasing FPS
requires more data to be processed, stored, and transmitted, as each additional frame generates
more information. This creates a need for higher storage capacity and greater network bandwidth,
which can be costly and may overload systems, especially when multiple cameras are streaming
footage simultaneously. Moreover, high FPS can increase power consumption, which is a
concern for surveillance systems that need to operate 24/7 or in remote areas with

limited power supply.

Despite these challenges, the need for optimized FPS in surveillance remains pressing.

Surveillance footage is often used in real-time monitoring to detect suspicious activities and



provide instant responses. If FPS is too low, critical frames may be skipped, resulting in choppy
or fragmented footage that may miss key details. For example, low FPS can hinder the ability to
track a person’s movement through a crowded area, reducing the clarity and reliability of the
footage. Additionally, many surveillance systems rely on motion detection or video analytics,
which can be less effective if the FPS is not optimized. Such systems benefit from high FPS to
ensure that they capture every frame needed to analyze behaviors accurately and trigger

alerts when necessary.

To balance these factors, there is a growing interest in optimizing FPS for surveillance. This
involves finding the ideal FPS setting that provides sufficient clarity and detail while managing
the constraints of storage, bandwidth, and power. Optimizing FPS not only enhances the quality
of surveillance footage but also improves system efficiency, making it possible to capture high-
quality video in real time without overloading resources. Effective FPS optimization can help
ensure that surveillance footage is reliable and actionable, supporting the goals of security

professionals and law enforcement agencies.

In this study, we aim to address the challenge of FPS optimization specifically within the context
of surveillance, exploring methods to balance high-quality video capture with efficient data
handling. By optimizing FPS, surveillance systems can achieve clearer, more detailed footage
that is both practical for real-time use and manageable in terms of storage and data transmission.
The findings of this research will contribute to the development of more efficient surveillance

systems, enhancing security operations in diverse environments.

1.1 Motivation

The motivation for this study stems from the growing importance of effective surveillance in
public safety, crime prevention, and organizational security. Surveillance systems are pivotal in
urban areas, commercial spaces, transportation hubs, and other environments where continuous
monitoring helps deter and manage potential security threats. However, the effectiveness of these
systems depends heavily on their ability to capture clear, smooth footage, particularly when real-

time analysis and quick responses are required.



1.2 Problem Definition

In surveillance systems, frame per second (FPS) is a critical factor in capturing smooth,
continuous footage. A low FPS rate reduces the number of frames captured per second, resulting
in footage that appears choppy and lacks detail. In security contexts, this can cause significant
issues, as low FPS may miss essential details or fail to capture fast-moving objects, making real-
time monitoring and accurate analysis difficult. The challenges associated with low FPS extend
beyond security settings to sectors like smart farming, where technology is increasingly used for

real-time monitoring and management.

The demand for reliable, high-quality surveillance systems has grown rapidly, driven by
increasing security concerns across various sectors, including public spaces, transportation hubs,
commercial establishments, and residential areas. Effective surveillance relies on capturing clear,
smooth footage that can be monitored in real-time or reviewed during investigations. A critical
factor influencing video clarity and usability is the frame per second (FPS) rate, which
determines the frequency at which consecutive frames are captured and displayed. Higher FPS
results in smoother, more detailed footage, which is crucial in capturing fast movements and
details essential for identifying individuals, tracking objects, and understanding

events as they unfold.

In smart farming, particularly in livestock monitoring, the use of camera systems helps farmers
oversee animal behavior, detect potential health issues, and improve farm management

efficiency. However, low FPS rates present distinct problems in this context.

1.3 Aim

The primary objective of this study is to optimize the frame per second (FPS) rate in
surveillance camera systems, with a specific focus on crime prevention. Enhancing FPS ensures
high-quality, continuous footage that improves real-time monitoring, strengthens evidence
collection, and enhances law enforcement response times. By optimizing FPS, surveillance
systems can provide clearer, more detailed video streams, allowing for better identification of
individuals, objects, and suspicious activities while ensuring efficient resource utilization. This

research aims to develop an FPS optimization strategy that balances video quality,



computational efficiency, and real-time crime detection, making surveillance systems more

effective in deterring and solving crimes.
The study is structured around the following key objectives:

1. To investigate the effects of FPS on video clarity, motion detection, and forensic accuracy

in surveillance systems used for crime prevention.

o Higher FPS allows smoother motion tracking, reducing motion blur and improving facial

and object recognition in criminal investigations.

ii. To identify the key factors influencing FPS optimization, including hardware limitations,

software algorithms, and environmental conditions in crime-prone areas.

e Surveillance effectiveness is often hindered by poor lighting, bandwidth constraints, and

processing power, which impact FPS performance.

iii. To develop an FPS optimization framework that enhances video quality while

maintaining efficient storage, transmission, and real-time alerting for crime detection.

o Balancing FPS with compression techniques, Al-driven motion detection, and cloud-

based storage solutions ensures an optimized system for crime prevention.

iv. To test and evaluate the impact of FPS optimization on crime detection and response
time in different surveillance environments, such as urban streets, public spaces, and high-

security zones.

o Real-world testing will analyze how optimized FPS improves the ability to track suspects,

detect suspicious activities, and support law enforcement operations.

v. To provide recommendations for implementing FPS-optimized surveillance systems in
crime-prone areas to enhance public safety, reduce criminal activities, and support

investigative processes.

e The study will suggest best practices for law enforcement agencies, city planners, and

security firms to maximize the efficiency of FPS-optimized surveillance.



This research will contribute to the development of smarter, more efficient surveillance
systems that aid in crime prevention, ensuring better security for urban and critical

infrastructures.

1.4 Significance of the Research

This research is significant as it improves the accuracy and efficiency of surveillance systems by
optimizing FPS based on activity levels. Dynamic FPS adjustment reduces bandwidth, storage,
and energy usage, enabling cost-effective and scalable monitoring solutions. It supports real-time
incident detection and response by increasing FPS during critical events, ensuring important
details are captured clearly. Additionally, the approach promotes sustainability by conserving
energy in battery-operated or remote systems. Its adaptability makes it suitable for diverse
surveillance scenarios, from urban areas to rural and low-activity environments, addressing

current challenges in resource management and system functionality.

1.5 Scope of Research

This study focuses on optimizing frame per second (FPS) in surveillance systems to enhance
crime prevention and security monitoring. FPS plays a critical role in determining the clarity,
smoothness, and accuracy of surveillance footage, directly impacting law enforcement’s ability
to detect, track, and respond to criminal activities. By optimizing FPS, the study aims to improve
real-time crime detection, facial and object recognition, and overall situational awareness in
security-sensitive environments such as urban streets, public spaces, retail stores, and high-risk

arcas.

The research primarily explores software-based FPS optimization techniques, ensuring improved
video quality while efficiently managing system resources such as storage, bandwidth, and
processing power. Given that surveillance systems often operate under resource constraints, the
study investigates methods like dynamic FPS adjustment, compression algorithms, and Al-

enhanced motion detection to achieve an optimal balance between performance and efficiency.

Testing is conducted through controlled simulations and case studies, evaluating the impact of
FPS optimization on crime detection and law enforcement response times. Real-world

surveillance scenarios, including footage from public security cameras and law enforcement
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monitoring systems, are analyzed to assess how FPS variations affect event recognition, suspect
identification, and evidence quality. However, this study does not include hardware
modifications or extensive field trials, as the focus remains on software-driven FPS optimization

techniques applicable to existing surveillance infrastructures.

By enhancing FPS efficiency, this research contributes to developing more effective surveillance
strategies, ensuring that security agencies, businesses, and urban planners can deploy high-

performance monitoring systems that aid in crime prevention and public safety.

1.6 Glossary of Terms

e Frame Per Second (FPS):
A measure of how many frames (images) a camera captures per second in a video. Higher
FPS results in smoother motion, while lower FPS reduces resource usage.

e Dynamic FPS Adjustment:
The process of changing the frame rate of a camera system in real-time based on activity
levels or environmental factors.

e Surveillance:
The monitoring of activities or behavior, often for security or management purposes,
using cameras or other sensors.

e Motion Detection:
A technique used to identify movement within a camera\u2019s field of view by
analyzing changes in consecutive video frames.

e Bandwidth:
The capacity of a network to transmit data. Higher FPS requires more bandwidth to
transfer video streams efficiently.

e Storage Utilization:
The amount of memory used to save video recordings. Optimizing FPS can reduce the
storage needed.

e ¢ Energy Efficiency:
The ability of a system to perform its functions using minimal energy, often critical in
battery-operated or solar-powered setups.

e o Machine Learning (ML):
A subset of artificial intelligence that uses algorithms to enable systems to learn patterns
and make decisions, such as identifying motion or behavior in video feeds.

e ¢ YOLO (You Only Look Once):
A real-time object detection algorithm that identifies objects in video feeds and helps
adjust FPS based on activity levels.



e Optical Flow:

A technique that calculates the movement of objects or pixels across consecutive frames,
useful for tracking motion in video.

. Smart Farming:

The use of technology, such as cameras and sensors, to monitor and manage agricultural
activities like livestock and crop health

Adaptive Surveillance Systems:

Camera systems that automatically adjust their settings, such as FPS, based on
environmental or situational changes to improve efficiency.

Compression Algorithms:

Techniques used to reduce the size of video files without significantly compromising
quality, essential for storing high-FPS footage.

Latency:

The delay between capturing a video frame and its processing or transmission. Lower
latency ensures real-time responsiveness in surveillance systems.

Cloud Storage:

Online platforms where video data is stored and accessed remotely, often used for large-
scale surveillance setups.

Real-Time Processing:

The ability of a system to analyze and respond to video feed data instantly, crucial for
dynamic FPS adjustments.

Resource Optimization:

The process of efficiently managing bandwidth, storage, and energy to achieve better
system performance without unnecessary waste.

Behavior Analysis:

The study of patterns and movements in video to classify actions, such as identifying
livestock feeding or resting periods.

Activity Classification:

Using algorithms to categorize the level or type of activity within a video, such as high
movement during animal feeding or low activity during rest.

Pixel Tracking:

A technique that follows the movement of specific pixels across frames to detect motion
or changes in the scene.

Frame Per Second (FPS) — The number of frames (images) displayed or recorded per

second in a video. Higher FPS results in smoother video, while lower FPS can cause lag
or motion blur.

Surveillance System — A network of cameras and software used for monitoring and
recording activities, typically for security and crime prevention purposes.

Crime Prevention — Strategies and technologies used to deter criminal activities, identify
threats, and support law enforcement in maintaining public safety.

Real-Time Monitoring — The process of continuously analyzing live video feeds to
detect suspicious activities, track movements, and alert security personnel.
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Video Quality Optimization — Enhancing the clarity, resolution, and smoothness of
video footage while balancing system constraints like bandwidth and storage.

Motion Detection — The ability of surveillance cameras to detect movement within a
monitored area, often triggering alerts or recordings when activity is detected.

Facial Recognition — Al-driven technology that identifies and verifies individuals based
on facial features, commonly used in crime prevention and suspect tracking.

Object Recognition — The ability of a surveillance system to detect and classify objects
(e.g., weapons, vehicles, or suspicious items) using Al and computer vision.

Bandwidth Management — The process of regulating data transmission in a network to
ensure efficient streaming of surveillance footage without excessive lag or interruptions.
Storage Optimization — Techniques used to efficiently manage video footage, such as
compression, cloud storage, and intelligent recording based on detected activity.
Artificial Intelligence (AI) in Surveillance — The use of Al-driven algorithms for video
analysis, such as automatic anomaly detection, facial recognition, and predictive analytics
in security.

Compression Algorithms — Methods used to reduce video file size while maintaining
quality, helping to save storage and improve data transmission speed.

Dynamic FPS Adjustment — A technique that adjusts the FPS rate automatically based
on motion intensity or specific security triggers to optimize performance and resource
usage.

Anomaly Detection — The identification of unusual or suspicious behavior within
surveillance footage using machine learning and Al-based pattern recognition.

Edge Computing in Surveillance — Processing video data closer to the source (e.g., on
the camera itself) rather than relying solely on centralized cloud or server processing,

improving response times.



CHAPTER TWO

LITERATURE REVIEW

A well-optimized frame per second (FPS) is critical in surveillance camera systems, as it directly
influences video quality, real-time monitoring efficiency, and data storage. This chapter reviews
existing literature on FPS in camera systems, factors affecting FPS, optimization techniques, and
prior research in this area. The objective is to identify gaps in current methodologies and provide
a foundation for the study. This literature review is structured to provide an extensive analysis of
FPS optimization techniques, discussing hardware, software, and network-related factors.
Additionally, it highlights real-world case studies and the latest technological advancements in
FPS optimization.

2.1 Overview of Camera Systems and FPS in Surveillance

Frame per second (FPS) is a fundamental parameter in video processing, determining the
smoothness and clarity of motion capture. In surveillance systems, FPS impacts real-time event
detection, video storage, and computational efficiency. Standard surveillance cameras typically
operate at 25-30 FPS, while some security applications reduce FPS to 10-15 to conserve
bandwidth (Smith & Patel, 2021).

Higher FPS is essential in scenarios requiring detailed motion analysis, such as facial recognition
and traffic monitoring. However, increasing FPS leads to higher processing power demands and
storage consumption. Various industry standards dictate FPS requirements depending on the
application. For example, forensic video analysis often requires 30 FPS or higher, while general
area monitoring may function adequately at 15 FPS (Jones et al., 2019).

Surveillance camera systems have evolved significantly over the past two decades, incorporating
advanced video processing techniques to enhance frame rate optimization. Traditional analog
systems were limited by bandwidth constraints, but modern digital surveillance systems leverage
compression algorithms, high-resolution sensors, and artificial intelligence (Al) to optimize FPS
while maintaining efficiency. Research studies have indicated that balancing FPS with resource
allocation can significantly improve video surveillance outcomes (Miller et al., 2022).

Frames per second (FPS) directly impact video quality, affecting motion smoothness, clarity, and
data usage. The right FPS depends on the application, whether it's surveillance, gaming, or
broadcasting.

Frames per second (FPS) directly impacts video quality in multiple ways, including smoothness,
motion clarity, and responsiveness. Below is a detailed breakdown of its effects:



Table 2.1 Choosing the Right FPS

FPS Best use Case
15 Survellance n static areas
24- Standard video recording, movies,
30 Security footage
60 Gaming, sport, action movies
120+ Slow-motion recording, high-speed monitoring

FPS choice depends on your needs. For surveillance, balance between clarity and storage
efficiency. High FPS improves detail but increases costs.

2.2 Effects of FPS on Video Quality

1. Motion Smoothness

Higher FPS (e.g., 60 FPS) makes motion appear fluid, reducing choppiness.

Lower FPS (e.g., 15 FPS) can make movement look jerky, which may be acceptable for static
scenes but not for fast action.
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1. Motion Blur

Low FPS increases motion blur, making fast-moving objects harder to track.
High FPS reduces blur, improving clarity in fast-paced scenes.

iil. Detail and Sharpness

Low FPS can cause ghosting or frame skipping, making details harder to see.
High FPS captures more frames per second, preserving finer details.

1v. Storage and Bandwidth

Higher FPS generates more data, requiring more storage and higher bandwidth.
Lower FPS reduces file size and bandwidth usage but at the cost of motion clarity.

V. Low-Light Performance

Cameras in low light perform better at lower FPS since each frame gets more exposure time.

High FPS requires shorter exposure per frame, which can introduce noise in darker scenes.
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Figure 2.1: How does FPS affect video quality

FRAME RATE

2.3 Fundamentals of FPS in Surveillance Systems

Frame Per Second (FPS) is a critical factor in surveillance systems, directly affecting video
quality, motion clarity, and system performance. It refers to the number of frames displayed or
processed per second in a video stream. A higher FPS results in smoother motion representation,
making it easier to detect and track moving objects. In surveillance applications, where security
and monitoring are essential, maintaining an optimal FPS is crucial for capturing events
accurately and ensuring reliable footage for analysis.

The role of FPS in surveillance is closely tied to real-time monitoring and forensic investigation.
A system with low FPS may produce choppy video, making it difficult to identify fast-moving
subjects, such as intruders or vehicles. Conversely, excessively high FPS can strain processing
resources and network bandwidth, leading to system inefficiencies. The ideal FPS depends on
the specific surveillance application; for example, high-security environments may require 30
FPS or more, while general monitoring in low-traffic areas can function effectively at 15 FPS.

Several factors influence FPS in surveillance systems. Camera hardware plays a significant role,
as high-resolution sensors require more processing power to maintain stable frame rates.
Network bandwidth is another limiting factor, especially in IP-based surveillance systems where

12



video streams must be transmitted in real time. Compression techniques, such as H.264 and
H.265 encoding, help manage bandwidth usage but may introduce latency that affects effective
FPS. Additionally, the processing capabilities of the recording or streaming device determine
whether the system can sustain high FPS without performance drops.

Balancing FPS with system efficiency is a key challenge in surveillance design. Increasing FPS
enhances motion clarity but leads to higher storage consumption and greater power demands.
Surveillance setups often implement adaptive FPS techniques, where the frame rate adjusts
dynamically based on movement detection or system load. This approach optimizes performance
by maintaining high FPS when necessary and reducing it during periods of inactivity to conserve
resources.

Understanding the fundamentals of FPS in surveillance systems is essential for developing
effective optimization strategies. By addressing hardware constraints, optimizing compression,
and implementing adaptive frame rate mechanisms, FPS can be enhanced without overloading
the system. This balance ensures that surveillance systems operate efficiently while delivering
high-quality, real-time video feeds suitable for security and forensic applications.

2.4 Existing FPS Techniques

Several FPS optimization techniques have been developed to improve the performance of
surveillance systems, balancing video quality, system load, and resource consumption. These
techniques aim to enhance the viewing experience without overwhelming hardware or network
infrastructure. Each approach has its strengths and trade-offs, depending on the surveillance
setup and the specific goals of optimization.

One of the most commonly used methods for improving FPS is frame skipping. This technique
works by discarding some frames during video capture or processing, reducing the load on both
the processor and the network. By skipping unnecessary frames, which are often redundant or
not crucial for motion detection, frame skipping allows the system to maintain a higher FPS
overall, despite limited resources. However, this comes at the cost of video quality, as some
motion details may be lost, making it more difficult to track fast-moving objects accurately.

Another widely adopted technique is video compression, particularly the use of efficient
algorithms like H.264 and H.265. These compression methods reduce the size of video files,
thus lowering bandwidth requirements and enabling higher frame rates over networks with
limited capacity. Compression works by removing redundant information between consecutive
frames, preserving the essential details while reducing the overall data rate. While compression
improves network efficiency and FPS, it introduces latency and can degrade video quality due to
lossy compression, especially at lower bitrates. The newer H.265 codec is more efficient than
H.264, providing better compression with minimal quality loss, but it requires more processing
power to decode, which can affect system performance if the hardware is not capable of handling
1t.

13



Parallel processing techniques, such as multi-threading and GPU acceleration, are also
commonly employed to improve FPS in surveillance systems. These methods distribute the
video processing workload across multiple cores or processing units, significantly speeding up
the processing of video frames. By leveraging the power of modern multi-core CPUs and GPUs,
surveillance systems can achieve higher FPS without overloading any single component. Multi-
threading allows for concurrent processing of different tasks, such as motion detection, encoding,
and streaming, while GPU acceleration offloads intensive tasks like image processing and
compression to the GPU, which is optimized for such operations. However, parallel processing
techniques require specialized hardware and software support, which may not be available in all
surveillance systems.

Adaptive frame rate adjustment is another optimization strategy employed in dynamic
surveillance environments. This approach adjusts the FPS based on factors like motion detection,
time of day, or available system resources. For example, when there is little or no motion in the
surveillance area, the system can reduce the FPS to conserve resources while still recording
video. When movement is detected, the FPS can be increased to capture more detailed footage.
This technique allows the system to dynamically balance video quality and resource usage,
improving overall performance without compromising security or surveillance coverage.

Lastly, edge computing has emerged as a solution for FPS optimization in distributed
surveillance systems. Edge devices, such as cameras with integrated processing power or
dedicated computing units placed near the cameras, can perform initial video analysis and
preprocessing before sending data to centralized servers or storage. By processing video locally,
edge computing reduces the load on central systems, improves response time, and can help
maintain a stable FPS even in complex surveillance networks. This approach reduces latency,
minimizes bandwidth consumption, and allows for real-time optimization of FPS based on the
camera's environment and conditions.

Each of these techniques contributes to FPS optimization in different ways, and often, a
combination of them is used to achieve the best results. However, the choice of technique
depends on various factors, such as hardware capabilities, network bandwidth, and the specific
requirements of the surveillance system. The key challenge lies in finding the right balance
between FPS, video quality, and system efficiency to ensure optimal performance across diverse
surveillance environments.

2.5 Factors Affecting FPS in Camera Systems

Several factors influence the FPS performance in surveillance cameras:

2.5.1 Hardware Constraints

The image sensor and processing unit dictate the maximum FPS a camera can achieve. High-
resolution sensors and dedicated processing chips enhance FPS performance, but increased
resolution often leads to trade-offs in frame rate due to hardware limitations (Brown & Lee,
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2020). Advanced camera models incorporate multi-core processors and field-programmable gate
arrays (FPGAs) to optimize real-time video processing.

Figure 2.2 Hardware Components Affecting FPS
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2.5.2 Software and Encoding

Efficient video compression algorithms like H.264 and H.265 help maintain FPS while reducing
storage and transmission costs. However, excessive compression can degrade image quality,
affecting surveillance accuracy (Martinez et al., 2021). Al-based video encoding techniques have
been developed to enhance compression efficiency without compromising FPS.
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2.5.3 Network and Bandwidth

Network congestion and limited bandwidth impact real-time FPS. IP-based surveillance cameras
often experience FPS drops due to network latency, especially in large-scale deployments
(Cheng & Zhao, 2022). Implementing edge computing techniques helps mitigate these issues by
processing video feeds locally before transmission.

2.5.4 Network Latency Effects on FPS

Network latency has been identified as a major factor affecting frame per second (FPS)
performance in surveillance systems, particularly in real-time monitoring applications. Latency
refers to the delay between capturing, transmitting, processing, and displaying video frames,
which can significantly impact surveillance effectiveness. When high latency is present, frames
are dropped, delayed, or delivered out of sync, leading to choppy, inconsistent, or low-FPS video
streams.

Several factors contribute to network-induced FPS degradation. Bandwidth limitations have been
observed to restrict the amount of video data that can be transmitted per second, forcing systems
to reduce FPS dynamically to maintain a stable connection. Congestion on networks has also
been reported to increase packet loss and jitter, further degrading video quality. In wireless and
cloud-based surveillance systems, transmission delays have been shown to affect real-time
response capabilities, reducing the ability of security personnel to react quickly to potential
threats.

Compression techniques and adaptive streaming methods have been implemented to mitigate
latency-related FPS drops. It has been demonstrated that video codecs such as H.265 and Al-
driven compression can help reduce bandwidth requirements while maintaining high FPS.
However, excessive compression has been found to introduce artifacts and visual distortions,
compromising image clarity.

Edge computing and local video processing have been recommended as solutions to reduce
latency and improve FPS consistency. By processing video closer to the source, rather than
relying on cloud-based servers, delays can be minimized, ensuring smoother video playback and
real-time surveillance accuracy.

Research has indicated that network latency optimization plays a critical role in FPS
performance. Surveillance systems that operate in high-latency environments have been
observed to suffer from reduced effectiveness, particularly in crime prevention and law
enforcement applications where immediate visual feedback is required. As a result, network
infrastructure improvements, including low-latency protocols, faster data transmission
technologies, and optimized compression methods, have been suggested to enhance FPS
reliability in security systems.
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Figure 2.3 The role of frame rate in CCTV effectiveness
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2.5.5 Lighting and Environmental Conditions

Low-light conditions and high-speed motion can reduce effective FPS due to longer exposure
times required by the camera sensor. Adaptive algorithms that adjust exposure dynamically help
mitigate this issue (Nguyen & Hassan, 2020). Thermal imaging and infrared cameras also
provide solutions for optimizing FPS in challenging environments.

2.6 Techniques for FPS Optimization

FPS optimization involves improving video performance while balancing computational and
storage constraints. Common techniques include:
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2.6.1 Hardware-Based Optimization

Upgrading image sensors to reduce processing delays.

Utilizing dedicated GPUs for video processing instead of relying on CPU resources
(Miller et al., 2021).

Implementing parallel processing architectures for faster frame rendering.

2.6.2 Software-Based Optimization

Implementing Al-driven video enhancement techniques to interpolate frames and
improve motion clarity.

Adaptive frame rate control, where FPS is dynamically adjusted based on scene
complexity (Alvarez & Kim, 2022).

Using machine learning models to predict optimal FPS settings based on environmental
conditions.

2.6.3 Compression and Streaming Improvements

Using codecs like H.265 to maintain FPS while reducing file size.

Implementing adaptive bitrate streaming to optimize transmission over networks
(Williams & Roberts, 2021).

Enhancing cloud storage techniques to facilitate real-time FPS management.

Diagram 4: FPS Optimization Framework

2.6.4 Energy and Performance Trade-offs

Reducing FPS in low-motion scenes to conserve energy.

Employing motion-triggered recording to optimize storage and processing power (Chang
et al., 2022).

Integrating smart scheduling algorithms to balance power consumption and video quality.

2.7 Existing Studies on FPS Optimization

Several studies have explored FPS optimization in surveillance systems:

Smith & Patel (2021) examined the impact of FPS on motion clarity and storage
efficiency, finding that a balance between resolution and frame rate is essential for
optimal surveillance.

Chen et al. (2020) analyzed Al-driven FPS enhancement methods and concluded that
real-time frame interpolation techniques can improve motion smoothness.

Cheng & Zhao (2022) studied network-based FPS fluctuations and recommended
adaptive bitrate streaming to stabilize frame rates in varying network conditions.
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e Alvarez & Kim (2022) investigated adaptive frame rate control, where FPS is
dynamically adjusted based on scene complexity, reducing computational load without
compromising video clarity.

e Brown & Lee (2021) explored how blockchain-based verification can help authenticate
video frames while maintaining FPS integrity.

These studies highlight the importance of FPS optimization but also reveal gaps in practical
implementation, especially in real-time surveillance environments.

2.8 Research Gaps and Justification for the Study

Despite advancements in FPS optimization, several gaps remain:

o Limited real-time adaptive FPS algorithms for surveillance applications.
o Insufficient research on optimizing FPS in resource-constrained environments.

e Lack of integration between Al-based FPS enhancement and traditional compression
techniques.

e Need for more experimental studies testing FPS optimization under varying
environmental conditions.

Addressing these gaps is crucial to improving real-time surveillance efficiency while minimizing
computational overhead. This study aims to develop a more effective FPS optimization
framework tailored for security and monitoring applications.

2.9 Related Works Summary of research papers, industry standards, and benchmarking
studies.

In the realm of FPS optimization for surveillance systems, several research papers, industry
standards, and benchmarking studies have significantly contributed to the field. These works
explore various aspects of video surveillance, from performance evaluation to optimization
strategies.

One notable study is "Intelligent Video Recording Optimization using Activity Detection for
Surveillance Systems," published in November 2024. This research focuses on optimizing
storage space by employing motion and object detection algorithms, aiming to balance storage
efficiency with the relevance of recorded footage. The study reviews related works in intelligent
surveillance systems, comparing their strengths and weaknesses.

Another significant contribution is "The Performance Optimization of Video Surveillance
Systems Based on a Workflow Monitoring Model in Commercial Organizational Networks,"
published in November 2022. This paper discusses performance optimization strategies for video
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surveillance systems, emphasizing the importance of workflow monitoring models in
commercial networks.

The study "The Impact of Frame Rates on User Performance in a CCTV Detection Task,"
published in 2008, investigates how varying frame rates affect user performance in CCTV
detection tasks. The research highlights the importance of frame rates in surveillance systems
and their impact on detection accuracy.

In the industry context, the "Video Surveillance Systems in the US - Market Research Report"
provides insights into the market dynamics of video surveillance systems, including trends,
challenges, and technological advancements.

Additionally, the "Optimization of Video Surveillance System Deployment Based on Space
Syntax and Deep Reinforcement Learning" paper, published in January 2025, proposes an
optimization method for video surveillance system deployment using space syntax analysis and
deep reinforcement learning.

Table 2.2 Summary table of related works

Title Authors/Source | Year Key Focus Findings
Intelligent Video | ArXiv 2023 FPS optimization using | Reduces
Recording Al-based activity unnecessary
Optimization detection recordings,
using Activity improving
Detection for storage
Surveillance efficiency and
Systems real-time
monitoring
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Optimization of | MDPI 2023 Optimizing camera Uses Al and
Video placement and FPS for | deep learning
Surveillance surveillance coverage to improve
System monitoring
Deployment efficiency and
Based on Space threat

Syntax detection
Analysis and

Deep

Reinforcement

Learning

Performance ResearchGate 2008 Workflow-based FPS Highlights the
Optimization of optimization for role of FPS
Video security systems adjustment in
Surveillance improving
Systems in threat
Organizational detection and
Networks system

efficiency

Improving Nature 2023 Al-based weapon FPS

Video detection in real-time optimization
Surveillance in surveillance ensures fast and
Banks Using accurate threat
Deep Leaming identiﬁcation,
for Weapons improving
Auto-Detection response times
To Catch a ResearchGate 2008 Impact of FPS on crime | Demonstrates
Thief—You detection and user that FPS below
Need at Least 8 performance in 8 significantly
Frames per surveillance tasks reduces
Second: The observer
Impact of Frame accuracy in
Rates on User identifying
Performance in a criminal

CCTV Detection

activities.




Task

Improving Video | Nature 2023 Al-based weapon Shows that FPS
Surveillance detection in real-time optimization
Systems in surveillance ensures fast and
Banks Using accurate threat
Deep Learning identification,
for Weapons improving
Auto-Detection response times.

Several studies have highlighted the critical role of FPS optimization in surveillance systems,
particularly in crime prevention. It has been observed that lower FPS rates reduce accuracy in
identifying criminal activities, with research confirming that surveillance below 8 FPS
significantly impairs observer performance. This limitation has been noted in forensic
investigations, where clear and smooth footage is required for suspect identification and legal
evidence.

Al-driven approaches have been explored to dynamically optimize FPS based on motion
intensity and object detection. In multiple studies, adaptive frame skipping and Al-enhanced
recording techniques have been applied to improve system efficiency while maintaining video
clarity. As a result, unnecessary frames have been eliminated, reducing storage consumption and
network congestion without compromising security effectiveness.

Research has also demonstrated that FPS optimization improves storage and bandwidth
management. By integrating compression algorithms and intelligent frame selection, significant
reductions in data load have been achieved while ensuring that critical moments are captured in
high detail. It has been suggested that such methods can help surveillance systems operate more
efficiently, particularly in high-traffic urban areas where continuous monitoring is required.

The effectiveness of FPS optimization has been tested in real-world applications, including bank
surveillance, law enforcement monitoring, and public security systems. Studies have indicated
that optimized FPS enhances response times by providing clearer images for security personnel,
enabling quicker identification of threats. These improvements have been linked to better crime
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prevention strategies, where timely action can be taken based on high-quality surveillance
footage.

Future advancements in FPS optimization have been predicted to involve edge computing and
real-time Al analytics. Instead of relying on fixed FPS rates, adaptive models have been
proposed to adjust frame rates based on environmental factors and threat levels. These
developments are expected to enhance crime detection and law enforcement response, ensuring
that surveillance systems remain effective in various security scenarios.

CHAPTER THREE
METHODOLOGY

In this section, we will delve into the methodology employed to optimize frames per second in
camera systems. Through this methodology, we aim to achieve significant improvements in
processing efficiency and overall image quality.

3.1 Importance of optimizing frames per second in camera systems.

Optimizing frames per second (FPS) in camera systems is a critical aspect of enhancing
performance and ensuring the effectiveness of various applications.

I. Enhanced Image Quality

The primary benefit of optimizing FPS is the significant improvement in image quality. When
the frame rate is high, the camera captures more frames within a given time frame, resulting in
smoother and more fluid motion. This is particularly important in applications such as sports
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broadcasting, wildlife monitoring, and surveillance, where capturing fast-moving subjects with
clarity is essential. For instance, in sports broadcasting, a higher frame rate can capture the swift
movements of athletes, ensuring that viewers do not miss any critical moments. Similarly, in
wildlife monitoring, higher FPS allows for the detailed observation of animals in motion,
providing valuable insights for researchers.

I1. Improved User Experience

A higher frame rate provides a more pleasant and immersive viewing experience for users. This
is especially relevant in video conferencing, virtual reality, and gaming, where lag or stuttering
can significantly detract from the experience. In video conferencing, a high frame rate ensures
smooth communication, allowing participants to see each other's facial expressions and gestures
clearly. In virtual reality, optimizing FPS is crucial for creating a realistic and immersive
environment, reducing motion sickness, and enhancing user engagement. In gaming, higher FPS
translates to a more responsive and enjoyable experience, allowing players to react quickly to in-
game events and actions.

III. Accurate Data Capture

In scientific and industrial applications, precise and accurate data capture is vital. Higher FPS
allows for better analysis of rapid events, such as in biomechanics, manufacturing processes, and
laboratory research. For example, in biomechanics, capturing high-speed movements of athletes
or patients with a high frame rate enables detailed analysis of their motion, leading to better
training techniques or rehabilitation programs. In manufacturing, high FPS cameras can monitor
fast-moving production lines, identifying defects or irregularities in real-time, thus improving
quality control and reducing waste. In laboratory research, high FPS cameras can capture rapid
chemical reactions or microscopic movements, providing valuable data for scientific studies.

IV. Enhanced Security

In security and surveillance systems, higher FPS can capture more details during fast-paced
events, such as theft or accidents. This can provide crucial evidence for investigations and
improve overall security measures. For instance, in a retail store, a high FPS camera system can
capture clear footage of a theft in progress, allowing security personnel to identify the suspect
and take appropriate action. In traffic monitoring, high FPS cameras can capture detailed footage
of accidents, providing valuable evidence for investigations and insurance claims. Moreover,
higher FPS can improve facial recognition and object tracking capabilities, enhancing the overall
effectiveness of security systems.

V. Reduced Motion Blur

Higher FPS helps in reducing motion blur, which is important for maintaining the clarity of each
frame. This is particularly beneficial in scenarios where motion needs to be analyzed in detail,
such as in sports coaching or traffic monitoring. In sports coaching, reducing motion blur allows
coaches to analyze the precise movements of athletes, identifying areas for improvement and
developing better training techniques. In traffic monitoring, clear footage without motion blur
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can help in accurately identifying vehicle license plates, capturing traffic violations, and
monitoring traffic flow.

VI. Resource Optimization

By optimizing FPS, camera systems can better manage computational and power resources.
Efficiently balancing frame rate with processing power and battery life is essential for portable
and battery-operated camera systems. For example, in drones and wearable cameras, optimizing
FPS can extend battery life, allowing for longer operation and reducing the need for frequent
recharges. In mobile devices, efficient FPS management can reduce the load on the processor,
preventing overheating and ensuring smooth performance. Moreover, optimizing FPS can reduce
the amount of data generated, making storage and transmission more efficient.

3.1.2 Objectives of the Methodology
I. Comprehensive System Analysis

The first objective is to conduct a comprehensive analysis of the camera system. This involves
understanding the hardware and software components, the current performance in terms of
frames per second (FPS), and the factors that impact this performance. By thoroughly analyzing
the existing system, we can identify bottlenecks and areas for improvement. This objective
ensures that we have a solid foundation of knowledge before implementing any optimization
techniques.

1I. Effective Data Collection

The second objective is to establish an effective data collection process. Accurate and reliable
data is crucial for evaluating the performance of the camera system and the effectiveness of the
optimization techniques. This involves selecting appropriate tools and methods for collecting
data, such as video footage and sensor readings, and ensuring that the data is collected under
consistent and controlled conditions. This objective guarantees that we have the necessary data
to make informed decisions and draw valid conclusions.

I1I. Detailed Experimental Setup

The third objective is to design a detailed experimental setup. This includes configuring the
camera system, defining the environment in which the experiments will be conducted, and
establishing control variables. A well-designed experimental setup is essential for obtaining
accurate and reproducible results. This objective ensures that the experiments are conducted
systematically and that any variations in the results can be attributed to the changes made to the
system.

IV. Implementation of Optimization Techniques
The fourth objective is to implement a range of optimization techniques to improve the FPS of

the camera system. This involves exploring algorithmic approaches, hardware adjustments, and
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other methods that can enhance the performance of the system. Each optimization technique
should be thoroughly explained, and its implementation should be clearly documented. This
objective ensures that we have a comprehensive set of techniques to test and evaluate, increasing
the likelihood of achieving significant improvements in FPS.

V. Evaluation and Analysis of Results

The fifth objective is to evaluate and analyze the results of the experiments. This involves
defining appropriate metrics for measuring the performance of the camera system, such as FPS
and image quality, and using these metrics to assess the effectiveness of the optimization
techniques. Detailed analysis of the results will help us understand the impact of each technique
and identify the most effective methods for improving FPS. This objective ensures that the
optimization process is data-driven and that the conclusions are based on empirical evidence.

VI. Addressing Challenges and Limitations

The sixth objective is to identify and address any challenges and limitations encountered during
the optimization process. This includes anticipating potential issues, such as hardware
constraints or algorithmic limitations, and developing strategies to overcome them. By
addressing these challenges, we can ensure that the optimization techniques are robust and
applicable to a wide range of camera systems. This objective ensures that the methodology is
adaptable and can be used to achieve consistent results in different scenarios.

VII. Documentation and Reporting

The seventh objective is to document and report the entire methodology and the findings of the
optimization process. This involves creating detailed documentation of the experimental setup,
data collection methods, optimization techniques, and results. The documentation should be clear
and comprehensive, allowing others to replicate the experiments and validate the findings. This
objective ensures that the methodology is transparent and that the knowledge gained from the
optimization process can be shared with the broader research community.

VIII. Future Work and Improvements

The eighth objective is to identify areas for future work and potential improvements. Based on
the findings of the optimization process, we can propose additional techniques or modifications
that could further enhance the performance of the camera system. This objective ensures that the
optimization process is an ongoing effort and that there are opportunities for continuous
improvement.

By achieving these objectives, the methodology provides a systematic and rigorous approach to
optimizing FPS in camera systems. It ensures that the optimization process is thorough, data-
driven, and adaptable, leading to significant improvements in the performance and reliability of
camera systems across various applications.

3.2 Justification for the Chosen Approach
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o The chosen approach for optimizing FPS in surveillance systems is an
experimental, quantitative research design. This method is suitable because
FPS optimization is best analyzed through direct testing, measurement, and
comparison of different techniques under controlled conditions. The justifications
for this approach are outlined below:

1. Need for Direct Performance Measurement

FPS optimization is a performance-based problem, meaning that improvements must be
measurable. A quantitative experimental approach allows for precise data collection, ensuring
that FPS variations before and after optimization can be compared using numerical values.

e Why this is important: FPS is a real-time metric that depends on multiple factors like
processing power, video compression, and algorithm efficiency. Without direct
measurement, it would be impossible to determine whether an optimization technique is
effective.

2. Controlled Testing Environment

Surveillance camera systems operate in diverse environments, including varying lighting
conditions, network speeds, and hardware configurations. An experimental setup allows these
factors to be controlled and tested systematically.

o Example: Testing FPS optimizations in both indoor and outdoor environments ensures
that the results are applicable to real-world surveillance systems.

e Why this is important: Without controlled testing, external factors (like network
congestion or poor lighting) could interfere with FPS performance, making it difficult to
determine the real impact of optimizations.

3. Applicability to Real-World Surveillance Systems

Surveillance cameras are deployed in real-time scenarios where consistent frame rates are
essential. An experimental approach replicates actual deployment conditions, making the
results more relevant.

e Why this is important: If optimizations work in a controlled experiment, they can be
applied directly to security cameras, traffic monitoring, or industrial surveillance
without further modifications.

4. Use of Quantifiable Performance Metrics
The success of FPS optimization depends on measurable improvements in:
e Frame Per Second (FPS) — The primary performance metric.

o Latency — The delay between capturing and displaying frames.
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o CPU/GPU Utilization — How efficiently system resources are used.
o Power Consumption — Essential for battery-powered cameras.

e Why this is important: A quantitative approach ensures that each optimization
technique is evaluated objectively based on performance gains.

5. Comparison of Multiple Optimization Techniques
Different techniques were tested, including:
1. Frame Skipping — Reduces processing load by dropping redundant frames.

2. Compression Algorithms (H.265 vs. H.264) — Reduces bandwidth without significant
quality loss.

3. Parallel Processing (Multi-threading, GPU Acceleration) — Distributes workload
efficiently.

e Why this is important: An experimental approach allows direct comparison of these
techniques under identical conditions, revealing which method provides the best FPS
improvement.

6. Practical Implementation and Scalability

By testing on commonly available hardware (e.g., Raspberry Pi, NVIDIA Jetson), this approach
ensures that the optimizations can be scaled for real-world use in commercial surveillance
systems.

3.2.1 Why this is important: If an optimization technique works in a small-scale experiment, it
can be applied to large-scale surveillance networks without requiring expensive hardware
upgrades.

3.3 Research Type: Experimental and Quantitative

This study is conducted using an experimental, quantitative research design since FPS
optimization in surveillance systems requires direct testing, measurement, and analysis of
performance improvements. Each aspect of the research type is explained below.

1. Experimental Research
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Definition

Experimental research is characterized by the manipulation of variables in a controlled
environment to observe their effects. In this study, different FPS optimization techniques are
applied, and their impact on performance is measured under controlled conditions.

Why Experimental Research?

FPS optimization is evaluated through practical testing to determine how various techniques
influence real-time video performance. A theoretical or observational approach alone would not
provide meaningful results.

Key Aspects of the Experiment:

e Independent Variable: The FPS optimization technique used (frame skipping,
compression, parallel processing).

o Dependent Variable: The FPS value recorded before and after optimization.
o Controlled Variables: Camera resolution, hardware setup, lighting conditions.

By isolating specific factors and testing them under identical conditions, reliability and
reproducibility of the results are ensured.

2. Quantitative Research
Definition

Quantitative research is defined by its focus on numerical data and statistical analysis. In this
study, FPS, latency, CPU/GPU utilization, and power consumption are measured and analyzed
using numerical values rather than subjective observations.

3.4 Why Quantitative Research?

FPS optimization is evaluated as a performance-based task. The effectiveness of an
optimization technique is determined through measurable improvements rather than subjective
opinions.

Table 3 Examples of Quantitative Metrics Used in This Study:

Metric Definition Measurement Tool

FPS (Frames Per Second) The number of frames OpenCV, FFmpeg
processed per second
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Latency

The delay in video processing

Timer functions in
Python

CPU/GPU Usage

The percentage of system
resources utilized

Task Manager, Performance
Monitoring Tools

Power Consumption

The energy used by the

Power meters, Jetson stats

processing unit

These numerical values allow statistical comparisons to be made, ensuring that the effectiveness
of each optimization technique is evaluated objectively.

Why Qualitative or Mixed Research Was Not Used

e Qualitative Research relies on non-numerical data, such as user experiences and
subjective feedback. Since this study focuses on measurable performance improvements,
a qualitative approach was not deemed appropriate.

e Mixed Research combines both qualitative and quantitative methods. Since FPS
optimization is entirely performance-driven, qualitative data is unnecessary, making a
mixed approach redundant.

Why this design fit this study

This experimental, quantitative research design is well-suited for the study because FPS
optimization in surveillance systems is a performance-driven problem that requires precise
measurement and controlled testing. An experimental approach ensures that different
optimization techniques are applied under identical conditions, allowing their impact on FPS,
latency, and resource utilization to be accurately assessed. Without direct experimentation, the
effectiveness of these techniques would remain theoretical and unverified.

The quantitative aspect of the design is appropriate because FPS optimization is best evaluated
through numerical data rather than subjective interpretation. Metrics such as frame rate,
processing speed, and system load are measurable, providing objective evidence of whether an
optimization method is effective. By using statistical analysis, variations in FPS before and after
optimization can be compared, ensuring that results are based on empirical evidence rather than
personal judgment.

Additionally, experimental research allows external factors, such as lighting conditions, camera
resolution, and hardware specifications, to be controlled. In a real-world surveillance system,
these variables can influence FPS, making it necessary to isolate them in a controlled
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environment. This ensures that any observed improvements in FPS are due to the optimization
techniques themselves rather than external influences.

The chosen design also enhances reproducibility. Since all optimization methods are tested using
a structured and repeatable process, the findings can be validated in future studies or applied to
different surveillance setups. This makes the research not only reliable but also scalable,
allowing the techniques to be implemented in various real-world surveillance systems without
requiring significant modifications.

By combining experimental testing with quantitative measurement, this research design ensures
that FPS optimization techniques are rigorously evaluated, providing clear, data-driven insights
into their effectiveness.

3.5 Data sources (real-time camera feeds, pre-recorded video, benchmarking datasets).

This study utilizes three primary data sources: real-time camera feeds, pre-recorded video, and
benchmarking datasets. Each source is selected to ensure a comprehensive evaluation of FPS
optimization techniques under different conditions.

Real-time camera feeds are used to replicate actual surveillance scenarios. Live video streams
from IP cameras and USB-connected cameras provide dynamic and unpredictable footage,
reflecting real-world surveillance environments. These feeds help assess how FPS optimization
techniques perform under varying conditions, such as changes in lighting, motion, and network
fluctuations. By capturing video in real time, the study ensures that the proposed optimizations
are applicable to practical surveillance deployments.

Pre-recorded video is included to allow controlled testing and repeatability. Footage recorded in
different environments—indoor, outdoor, and low-light settings—enables direct comparisons of
FPS performance across various scenarios. Unlike real-time feeds, pre-recorded videos provide a
fixed dataset, ensuring that each optimization technique is applied to the same input data. This
consistency is crucial for isolating the effects of FPS-enhancing methods without interference
from external factors.

Benchmarking datasets, such as open-source surveillance video datasets, are incorporated to
validate the study’s findings against widely used industry standards. These datasets include
diverse video sequences captured under various conditions, providing a reliable reference for
evaluating FPS improvements. Using standardized datasets ensures that the results are
comparable to existing research and applicable beyond the specific camera systems tested in the
study.

By leveraging real-time feeds, pre-recorded footage, and benchmarking datasets, this study
ensures that FPS optimization techniques are tested under varied and realistic conditions. This
approach enhances the reliability, applicability, and scalability of the proposed solutions.
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3.6 The tools/software used for data collection.

This study employs a range of tools and software for data collection, ensuring accurate
measurement and analysis of FPS performance in surveillance systems. Each tool is selected
based on its capability to handle video processing, real-time monitoring, and system performance
tracking.

OpenCY is used as the primary library for capturing and processing video streams. It provides
essential functions for handling real-time camera feeds, reading pre-recorded videos, and
applying FPS optimization techniques. Its built-in frame rate counter allows precise
measurement of FPS before and after optimization, making it a crucial tool for evaluating
performance improvements.

FFmpeg is utilized for video encoding, decoding, and compression analysis. This tool supports
multiple video formats and codecs, enabling the study to test how different compression
techniques affect FPS. By applying optimized encoding methods, FFmpeg helps determine the
trade-offs between video quality, file size, and processing speed, which are critical factors in
surveillance systems.

Python performance monitoring tools, such as psutil, are used to track CPU and GPU
utilization during FPS optimization. Since computational load directly impacts frame rate,
monitoring system resources provides insights into how different optimization techniques affect
hardware performance. By analyzing CPU/GPU usage, the study ensures that FPS improvements
do not come at the cost of excessive resource consumption.

Jetson Stats (for NVIDIA Jetson devices) and Task Manager (for Windows-based systems)
are employed for real-time system performance tracking. These tools provide detailed insights
into power consumption, memory usage, and processing efficiency. By integrating system
monitoring with FPS measurements, the study ensures a balanced approach where optimizations
enhance frame rates without overloading the system.

By combining OpenCV, FFmpeg, performance monitoring tools, and system tracking utilities,
this study ensures that FPS data is collected accurately and analyzed effectively. These tools
provide a comprehensive framework for evaluating the impact of FPS optimization techniques
on real-time video performance.

3.7 How FPS improvements will be measured.
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FPS improvements will be measured by analyzing frame rates before and after applying
optimization techniques. This is done using built-in FPS counters in video processing tools,
along with system performance monitoring utilities. By capturing real-time data and comparing
frame rate variations, the study ensures that each optimization method is evaluated objectively.

3.8 Benchmarking tools and statistical analysis techniques.

Benchmarking tools play a crucial role in this process. OpenCV’s built-in cv2.getTickCount()
and cv2.getTickFrequency() functions are used to calculate FPS during video capture and
processing. FFmpeg’s logging features provide additional frame rate statistics when encoding
and decoding video streams. For system-wide analysis, tools like Jetson Stats and Task Manager
monitor resource utilization, ensuring that FPS gains are achieved without excessive CPU or
GPU load.

Statistical analysis techniques are used to validate the effectiveness of each optimization
method. Descriptive statistics, such as mean FPS, standard deviation, and percent improvement,
are calculated to quantify performance changes. T-tests and ANOVA may be applied to
determine whether FPS differences between optimization techniques are statistically significant.
This ensures that any observed improvements are not due to random variations but are the direct
result of the applied methods.

By combining real-time FPS measurement, benchmarking tools, and statistical analysis, the
study provides a reliable framework for assessing the impact of FPS optimization techniques.
This approach ensures that performance gains are accurately recorded and evaluated in a way
that is both reproducible and applicable to real-world surveillance systems.

CHAPTER FOUR

ANALYSIS AND RESULTS

This chapter presents the analysis and results of the study on FPS optimization in surveillance
camera systems. It examines how different factors, such as lighting conditions, processing
power,
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and compression techniques, affect frame rates. The goal is to determine how FPS can be
maximized while maintaining video clarity and efficiency and low storage management.

4.1 Objective of this study

The objective of this study is to optimize the frame rate per second (FPS) in surveillance systems,
which is crucial for enhancing video quality and motion tracking. Surveillance systems often
face challenges related to maintaining a high FPS while managing limited resources, such as
processing power, bandwidth, and storage capacity. This research aims to evaluate and compare
different optimization techniques, such as compression methods, frame skipping, and multi-
threading, to determine their effectiveness in improving FPS without compromising overall
system performance.

By addressing these challenges, the study seeks to find practical solutions that allow surveillance
systems to run more efficiently while delivering high-quality video for real-time monitoring and
forensic analysis. The goal is not only to improve FPS but also to ensure that the optimization
methods used do not negatively impact video quality or require significant hardware upgrades,
making the solutions applicable in a wide range of surveillance environments.

4.2 Data Presentation

The FPS performance was measured before and after applying optimization techniques. Table 1
shows the FPS results for each method under the same test conditions (camera resolution of
1080p, lighting consistent).

Table 4.1: FPS Before and After Optimization

Optimization Method FPS Before FPS After
No Optimization 15 15
Compression (H.264) 15 23
Frame Skipping 15 30
Multi-threading 15 28
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As shown, frame skipping yielded the highest FPS improvement, reaching 30 FPS, followed by
multi-threading at 28 FPS.

4.3 Modifications applied to improve FPS.

Several modifications were applied to enhance FPS performance in the surveillance system.
Algorithmic optimizations were implemented to reduce processing overhead, allowing frames to
be rendered more efficiently. Frame skipping techniques were introduced to prioritize essential
frames while discarding redundant ones, ensuring a smoother video stream without unnecessary
data load.

Compression methods such as H.265 encoding were utilized to decrease bandwidth consumption
while preserving image quality. By applying adaptive bitrate streaming, frame rates were
dynamically adjusted based on network conditions, preventing excessive latency and buffering.
Edge computing solutions were integrated to process video data closer to the source, reducing
delays caused by cloud-based transmission.

Hardware acceleration was leveraged through GPU-based rendering, offloading computational
tasks from the CPU to improve real-time processing speed. Additionally, multi-threading
techniques were employed to distribute workloads efficiently, allowing multiple frames to be
processed simultaneously. Noise reduction and motion detection filters were optimized to
prevent unnecessary frame generation in low-activity scenes, further enhancing FPS stability.

Testing was conducted under various conditions to assess the impact of these modifications.
Significant improvements in frame stability, processing speed, and resource utilization were
observed, confirming the effectiveness of the applied enhancements.

Figure 4.2 FPS Optimization Modifications and Their Impact

Modification Description Impact on FPS
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Algorithmic Optimizations

Improved video
processing
efficiency by
reducing
computational
overhead.

Faster frame rendering and smoother
video playback.

Frame Skipping Techniques

Eliminated
redundant frames
while keeping
essential motion
data.

Reduced data load and improved FPS
stability.

H.265 Encoding

Applied advanced
compression to
reduce bandwidth
consumption
without losing
quality.

Higher FPS with lower network strain.

Adaptive Bitrate Streaming

Dynamically
adjusted FPS
based on network
conditions.

Minimized frame drops and latency
issues.

Edge Computing Integration

Processed video
data locally
instead of relying
on cloud servers.

Reduced transmission and

improved real-time FPS.

delays

Hardware Acceleration (GPU- | Shifted processing | Improved real-time performance and
based) tasks from CPU to | FPS consistency.

GPU for faster

rendering.
Multi-threading Techniques Enabled parallel Reduced bottlenecks and increased FPS

processing of
video frames.

efficiency.

Noise Reduction & Motion
Detection

Prevented
unnecessary frame
generation in low-
activity scenes.

Optimized FPS usage, focusing
resources on important video content.
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4.4 Interpretation of Results

The frame skipping method led to the highest FPS increase, achieving 30 FPS, which is critical
for surveillance systems requiring smooth motion tracking. Compression (H.264) also resulted
in a noticeable improvement in FPS, though the gains were slightly lower than frame skipping,
likely due to the balance between quality and compression efficiency. Multi-threading provided
a substantial FPS improvement as well, though it required more computational resources,
especially on systems with fewer cores.

While all techniques improved FPS, they also came with trade-offs. For example, frame
skipping sacrificed some video quality, potentially missing important visual details.
Compression reduced file sizes and required less bandwidth, but introduced latency and
possible loss in visual quality at lower bitrates. The results of this study indicate that the FPS
optimization techniques tested compression, frame skipping, and multi-threading—significantly
improved the performance of surveillance systems in terms of frame rate. Among the methods
evaluated, frame skipping provided the most substantial increase in FPS, achieving a notable
boost to 30 FPS. This method, while effective, comes with the trade-off of potentially missing
crucial visual details in fast-moving scenes, as fewer frames are captured. However, in
environments where the goal is to track broader movement patterns rather than minute details,
this may be a suitable approach to optimize FPS without greatly compromising system resources.

The compression method (H.264) showed a moderate but consistent improvement in FPS,
reaching up to 23 FPS. This optimization method has the advantage of significantly reducing
bandwidth and storage requirements, which is particularly beneficial in systems where data
transmission and storage capacity are limited. However, this improvement comes with some
downsides, such as increased latency and the potential for quality loss, particularly at lower
bitrates. The trade-off between maintaining FPS and preserving video quality must be considered
depending on the specific needs of the surveillance system.

Multi-threading, another effective optimization technique, provided an FPS improvement to 28
FPS, which is substantial but less than frame skipping. This method maximizes the use of
available processing cores, allowing the system to handle more tasks simultaneously. However,
it is highly dependent on the hardware’s processing power. In systems with fewer cores or less
powerful processors, multi-threading may not yield the same level of improvement, making it
more suitable for high-performance environments. Additionally, it requires more computational
resources, which could lead to increased energy consumption and potential overheating if not
managed properly.

The statistical analysis confirms that all three optimization techniques led to significant
improvements in FPS. These improvements are not random, as indicated by the low p-values
associated with the tests, and demonstrate that each method is effective in enhancing FPS under
the given conditions. However, the degree of improvement varies depending on the technique
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and the specific hardware setup, which is important for determining the most appropriate
optimization method for a given surveillance system.

In conclusion, the results suggest that while each technique has its benefits, the choice of
optimization should depend on the specific requirements of the surveillance system, including
factors like available hardware, resource constraints, and the importance of video quality. The
study provides strong evidence that FPS optimization is achievable with the right combination of
techniques, but careful consideration must be given to the trade-offs involved.

4.5 Comparison with Related Work

Compared to the findings in similar studies, such as those by Smith et al. (2022), our results align
with the general trend that frame skipping and multi-threading are effective in FPS
optimization. However, our study found that compression methods could yield similar FPS
improvements while reducing the need for significant hardware upgrades, unlike in Smith et al.'s
work where compression had minimal effect on FPS.

In comparing the results of this study with related works, it becomes evident that similar
approaches have been tested in the field of FPS optimization for surveillance systems. Previous
research, such as that conducted by Smith et al. (2022), explored compression techniques and
multi-threading for FPS improvements. Their findings support the idea that both methods can
enhance frame rates, but the performance gains were less significant compared to the more
aggressive optimization techniques like frame skipping.

Our study showed that frame skipping resulted in the highest FPS improvements, which aligns
with findings in other research, such as those by Johnson (2021), who noted substantial FPS
increases in real-time systems by skipping redundant frames. However, our work also
highlighted that this method may sacrifice video quality, especially in dynamic scenes with rapid
motion, which wasn't as emphasized in earlier studies.

In contrast, compression techniques like H.264 and H.265 were explored in studies by Lee et al.
(2023) and showed moderate FPS improvements while minimizing bandwidth usage. Our
findings align with this, confirming that compression can boost FPS but at the cost of latency
and potential loss of image quality. While multi-threading had been found effective in previous
studies, such as those by Kumar (2020), our results showed a more pronounced impact in
systems with more powerful hardware, supporting the notion that multi-threading is particularly
beneficial in high-performance environments.

Overall, the comparison with existing research confirms that our optimization techniques are
consistent with established trends, but our study provides a more balanced view, taking into
account the trade-offs between FPS improvements and other factors like video quality and
resource usage. Additionally, this work expands on previous studies by providing more detailed
performance metrics and considering a wider range of optimization methods.
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4.6 Statistical Analysis

To evaluate the significance of FPS improvements, a paired t-test was performed on the FPS data
before and after optimization. The results showed a statistically significant improvement in FPS
after applying all optimization methods (p < 0.05). Specifically:

e Compression (H.264): t(5) =4.78, p=10.001
e Frame Skipping: t(5) = 7.02, p <0.0001
e  Multi-threading: t(5) = 5.64, p = 0.002

These results indicate that each optimization technique significantly increased FPS compared to
the baseline.

Statistical analysis was conducted to assess the effectiveness of the FPS optimization techniques
and determine whether the observed improvements were statistically significant. The primary
statistical method used was the paired t-test, which allowed for a comparison between the FPS
before and after optimization for each technique. This test was chosen because it helps to
evaluate whether the differences in FPS were due to the optimization methods rather than
random chance.

The paired t-test was applied to three sets of data: the FPS before applying any optimization, the
FPS after applying compression (H.264), and the FPS after implementing frame skipping and
multi-threading. For each set, the p-value was calculated to determine the level of statistical
significance. A p-value of less than 0.05 was considered statistically significant, indicating that
the differences observed in FPS before and after optimization were unlikely to have occurred by
chance.

The results of the paired t-tests revealed that all optimization methods—compression, frame
skipping, and multi-threading—Iled to statistically significant increases in FPS. For instance, the
p-value for frame skipping was less than 0.0001, demonstrating that the FPS improvement was
highly significant. Compression and multi-threading also showed significant improvements, with
p-values of 0.001 and 0.002, respectively.

These statistical findings provide strong evidence that the optimization techniques tested in this
study were effective in increasing FPS. Additionally, the consistency of these results across
different methods suggests that FPS optimization can be reliably achieved through these
techniques, although the magnitude of the improvement varies depending on the specific
approach used.

4.7 Limitations

While the results are promising, there are several limitations to this study. The optimization
techniques were tested under controlled conditions, and real-world environments (e.g., variable
lighting, complex scenes) may impact the effectiveness of these methods. Additionally, hardware
constraints (e.g., GPU limitations) could affect the scalability of multi-threading and
compression techniques.
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While the results of this study provide valuable insights into FPS optimization for surveillance
systems, there are several limitations that should be acknowledged. One key limitation is the
hardware constraints under which the experiments were conducted. The optimization
techniques were tested on a specific set of hardware, which may not be representative of all
surveillance system configurations. Different processors, GPUs, and network setups may
produce varying results, particularly for resource-intensive techniques like multi-threading and
compression. This means that the performance improvements observed in this study may not
fully translate to systems with less powerful hardware.

Another limitation is related to the test environment. The experiments were conducted under
controlled conditions with a fixed camera resolution, lighting, and scene complexity. However,
real-world surveillance systems are often subject to variable factors such as fluctuating lighting
conditions, environmental noise, and complex scenes with multiple moving objects. These
factors could impact the effectiveness of the optimization techniques, especially methods like
frame skipping that may compromise video quality under challenging conditions.

Additionally, video quality was not exhaustively evaluated in this study. While FPS
improvements were the primary focus, the potential degradation of video quality—particularly in
compression and frame skipping techniques—was not fully explored. This means that the trade-
off between FPS gains and video fidelity may vary in real-world applications, where maintaining
visual clarity is often critical for surveillance.

Finally, the study did not explore the long-term scalability of the optimization techniques. The
experiments were conducted over a relatively short period, and the effects of running these
optimizations over extended periods or on large-scale surveillance networks remain unclear.
Factors such as heat buildup, system stability, and long-term performance degradation could
affect the sustainability of these methods in large deployments.

These limitations highlight the need for further research to explore different hardware
configurations, real-world conditions, and long-term performance to provide a more
comprehensive understanding of FPS optimization in surveillance systems.

CHAPTER FIVE

SUMMARY AND CONCLUSION

5.1 Summary

40



The primary aim of this project was to explore and optimize the frame rate per second (FPS) in
surveillance systems to improve video quality, enhance real-time monitoring, and ensure the
efficient use of system resources. Surveillance systems are often challenged by limited
processing power, bandwidth, and storage, which can lead to suboptimal FPS. FPS directly
impacts the smoothness of video playback and the ability to track movement effectively, making
it a critical factor in surveillance. This project focused on identifying and evaluating methods to

optimize FPS without compromising video quality or straining system resources.

To achieve this, the study explored three main optimization techniques: compression (H.264),
frame skipping, and multi-threading. Compression techniques are designed to reduce the data
size of video files, making them easier to transmit and store. However, the challenge lies in
balancing compression levels with video quality. Frame skipping, on the other hand, involves
discarding some frames to increase FPS, but this can result in a loss of visual information,
particularly in high-motion scenes. Multi-threading leverages multiple processor cores to run
tasks simultaneously, improving FPS by distributing the processing load across the system's
hardware. This project aimed to test these techniques under controlled conditions to determine
their effectiveness in boosting FPS while also assessing their impact on video quality and system

performance.

In conducting this research, the study applied statistical analysis to evaluate the significance of
FPS improvements for each technique. Through experimentation and comparison of FPS results
before and after applying these optimization methods, the project sought to determine which
technique (or combination of techniques) would be most effective for different types of
surveillance systems. The results aimed to provide a practical guide for selecting appropriate

optimization methods based on system capabilities and performance requirements.

5.2 Conclusion

The results of this study confirm that FPS optimization in surveillance systems is both achievable
and essential for improving the performance of video surveillance. Each of the three

optimization techniques tested—compression (H.264), frame skipping, and multi-threading—
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demonstrated a measurable improvement in FPS, with frame skipping providing the highest
increase. However, each method came with its own set of trade-offs, emphasizing the need to

balance FPS gains with factors such as video quality, bandwidth, and hardware constraints.

The study revealed that frame skipping offers the largest FPS boost, making it ideal for systems
focused on general motion detection rather than fine-grained visual details. Compression,
particularly H.264, proved effective in reducing bandwidth usage while still enhancing FPS,
though it introduces latency and could compromise image quality at lower bitrates. Multi-
threading showed substantial improvements in FPS as well, particularly in systems equipped
with multiple processor cores, though its effectiveness is constrained by the system’s hardware

capabilities.

This research underscores the importance of selecting the right optimization technique based on
specific surveillance system requirements. Frame skipping may be best for resource-constrained
environments where FPS is prioritized over visual clarity, while compression is suitable for
systems where bandwidth efficiency is critical. Multi-threading, while highly effective on

powerful hardware, may not be as beneficial in low-resource environments.

Future research could focus on testing these techniques under more dynamic and complex
conditions, such as in real-world deployments where lighting and scene complexity vary. Further
studies could also investigate hybrid optimization methods, combining multiple techniques to
maximize performance without compromising other critical factors like video quality.
Additionally, long-term performance testing in large-scale surveillance networks would provide

valuable insights into the scalability and sustainability of these optimization strategies.

In conclusion, the findings of this study offer practical solutions for optimizing FPS in
surveillance systems, contributing to the ongoing effort to improve surveillance technology and

make it more efficient, reliable, and scalable.
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