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Hybrid Renewable Energy portable Power Unit for Fishing

Boats

M. Abisehat, S. Amala Prathisha?, V. Esther Sony?, J. Jebrin Shini* and M. Krishna Kumar®

4Department of Electronics and Communication Engineering, Grace College of Engineering, Thoothukudi, India
SAssistant Professor & HOD, Department of Electronics and Communication Engineering, Grace College of
Engineering, Thoothukudi, India

Abstract

The "Hybrid Renewable Energy Portable Power Unit for Fishing Boats" project aims to
revolutionize marine propulsion systems by integrating renewable energy sources, specifically
solar and wind power, into a portable and efficient power unit. This project addresses the
pressing need for sustainable alternatives to traditional fossil fuel-powered engines in the
maritime industry. The design allows for easy operation and maneuverability, making it ideal
for small fishing boats. Users can seamlessly switch between solar, wind, and battery power,
ensuring continuous operation regardless of environmental conditions. Moreover, the
interchangeable batteries feature enhances the system's versatility and reliability during
extended voyages. Through rigorous testing and performance evaluation, the project
demonstrates the viability and effectiveness of the hybrid renewable energy power unit. Results
indicate significant energy savings, reduced carbon emissions, and enhanced efficiency
compared to conventional marine engines.

Index Terms: Renewable Energy, Batteries, Fishing boat

. Introduction

The maritime industry faces growing pressure to transition towards sustainable and
environmentally friendly practices amidst concerns over climate change and diminishing fossil
fuel reserves. Traditional marine propulsion systems, reliant on diesel and gasoline engines,
contribute significantly to air and water pollution, posing threats to marine ecosystems and
human health. In response to these challenges, the "Hybrid Renewable Energy Portable Power
Unit for Fishing Boats" project emerges as a pioneering initiative to revolutionize marine

propulsion technology.

This project seeks to harness the abundant and inexhaustible energy resources of the sun and

wind to power fishing boats, offering a clean and renewable alternative to conventional fossil
I ———————————
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fuel engines. By integrating solar panels, a wind turbine, and lead-acid batteries into a portable
and efficient power unit, the project aims to provide fishermen with a sustainable solution that
reduces reliance on non-renewable energy sources and mitigates the environmental impact of

their operations.

The primary objective of this project is to design, develop, and evaluate the performance of a
hybrid renewable energy power unit specifically tailored for fishing boats. The system's design
emphasizes ease of operation, reliability, and adaptability to varying environmental conditions,
ensuring seamless integration into existing marine vessels without compromising performance

or functionality.

Through comprehensive testing and analysis, this project aims to demonstrate the feasibility,
efficiency, and practicality of renewable energy-powered propulsion systems in real-world
maritime applications. By showcasing the benefits of renewable energy adoption in the fishing
industry, this project contributes to the broader global effort to combat climate change, preserve

marine ecosystems, and promote sustainable development.

In this report, we provide a detailed overview of the "Hybrid Renewable Energy Portable
Power Unit for Fishing Boats,” including its design rationale, operational principles,
performance evaluation, potential applications, and implications for the future of marine
transportation. We believe that this project represents a significant step towards a cleaner,
greener, and more sustainable maritime industry, and we are excited to share our findings and

insights with the broader scientific and engineering community.

I1. Existing System
The zero-emission ferry boat with a fuel cell-based hybrid energy system would have

undergone development and implementation, likely showcasing the following features:
Fuel Cell Integration: The ferry would feature a fuel cell system as its primary power source,
converting hydrogen fuel into electricity through electrochemical reactions. This system would
generate electricity to power the electric motors driving the ferry's propulsion.
Battery Storage: The ferry would incorporate battery storage to complement the fuel cell
system, providing additional power during peak demand or serving as a backup power source.
These batteries would be rechargeable and could be charged both from the fuel cell system and
potentially from shore-based charging infrastructure.

Convergence Summit'24: Exploring Electronics and Communication, Artificial Intelligence, and Data Science (CS'24: ECADS)
Frontiers, Organized by Department of ECE and Al & DS, Grace College of Engineering, 30th April 2024
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Renewable Energy Integration: Depending on the design, the ferry may incorporate additional
renewable energy sources such as solar panels or wind turbines to further supplement its power
supply. These sources would help reduce dependency on hydrogen fuel and enhance the ferry's
sustainability. Energy Management System: The ferry would be equipped with a sophisticated
energy management system to optimize the utilization of power sources based on factors such
as energy demand, availability of renewable resources, and operational constraints. This system
would ensure efficient operation while maximizing the use of zero-emission power sources.
Environmental Compliance: Operating as a zero-emission vessel, the ferry would comply with
stringent environmental regulations, contributing to cleaner air and reduced greenhouse gas

emissions in the maritime sector.

Operational Experience: As an existing system, the ferry would have undergone operational
trials and possibly commercial service, providing valuable data and insights into its
performance, reliability, and efficiency in real-world conditions. Overall, the existing system
represents a significant advancement in maritime technology, offering a sustainable and
environmentally friendly alternative to conventional diesel-powered ferries while
demonstrating the feasibility and potential benefits of fuel cell-based hybrid energy systems in

maritime transportation.

I. Proposed System

The maritime industry is increasingly seeking sustainable and environmentally friendly
alternatives to traditional fossil fuel-powered propulsion systems. In response to this demand,
our project focuses on the development and implementation of a hybrid renewable energy
portable power unit tailored specifically for fishing boats.

Our approach involves designing an energy management system to optimize the use of
renewable energy sources and batteries based on energy demand and environmental conditions.
By leveraging renewable energy technologies and innovative battery solutions, we seek to
minimize the environmental impact of fishing activities while improving the economic viability
and operational flexibility of fishing boat operations.

Through this project, we envision contributing to the advancement of sustainable maritime
transportation solutions and promoting the adoption of clean energy technologies in the fishing
industry. By providing fishing boat operators with an efficient and reliable alternative to
traditional fossil fuel propulsion systems, we strive to support their transition towards a more
sustainable future.

Convergence Summit’24: Exploring Electronics and Communication, Artificial Intelligence, and Data Science (CS'24: ECADS)
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I. Hardware Specification

1. Solar Panel

Solar panels play a pivotal role in the hybrid renewable energy portable power unit project for
fishing boats. These photovoltaic panels directly convert sunlight into electricity using
semiconductor materials, such as silicon cells, through the photovoltaic effect. The efficiency
of solar panels varies depending on factors such as the type of solar cells used and
environmental conditions, while their output is measured in watts or kilowatts. Mounted
securely on the roof or deck of fishing boats, solar panels withstand marine environments'
harshness, thanks to their durable construction with materials like tempered glass and
aluminum frames. Integration into the energy management system involves wiring the panels to
charge controllers or inverters, regulating their charging and discharging to optimize
performance. Charge controllers ensure efficient operation by tracking the panels' maximum
power point and adjusting voltage and current accordingly. Solar panels offer significant
benefits for fishing boats, providing a clean, renewable energy source that reduces fuel
consumption, emissions, and operating costs. They contribute to operational flexibility by
generating electricity during daylight hours, complementing other power sources and extending
the range and autonomy of fishing boats. However, implementing solar panels on fishing boats
requires careful consideration of factors such as available deck space, weight restrictions,
aesthetic concerns, and regulatory compliance, emphasizing the importance of professional

installation and adherence to safety standards.

2. Solar Panel Controller

A solar charge controller serves as a crucial component within the hybrid renewable energy
portable power unit for fishing boats. Its primary function involves regulating the voltage and
current from solar panels to charge batteries effectively and safely. This essential task prevents
overcharging by limiting the charging current once batteries reach their maximum capacity.
Two main types of charge controllers exist: Pulse Width Modulation (PWM) and Maximum
Power Point Tracking (MPPT). PWM controllers manage voltage output by rapidly switching
the solar panel's voltage on and off, whereas MPPT controllers employ sophisticated algorithms
to track the maximum power point of solar panels, adjusting voltage and current for optimal
output. Typically, MPPT controllers offer higher efficiency, especially in conditions like cold
temperatures or partial shading, potentially boosting the overall energy yield by up to 30%.
Advanced features such as temperature compensation and built-in displays enhance their
functionality, ensuring optimal charging efficiency and system performance. Integrated within

Convergence Summit'24: Exploring Electronics and Communication, Artificial Intelligence, and Data Science (CS'24: ECADS) 4
Frontiers, Organized by Department of ECE and Al & DS, Grace College of Engineering, 30th April 2024



Special Issue: CS’24: ECADS: International Journal of Current Science Research (IJCSR) e-ISSN: 2454-5422 J

the energy management system, solar charge controllers work alongside other components like
solar panels, batteries, and inverters to regulate charging based on solar irradiance and battery
status, thereby optimizing overall system operation. Proper selection and sizing of charge
controllers are critical, considering factors such as solar panel and battery specifications, to
ensure compatibility and maximize system performance and efficiency. In essence, solar charge
controllers play a pivotal role in enhancing the reliability, efficiency, and longevity of solar
power systems, contributing significantly to the success of renewable energy projects in
maritime applications such as fishing boats.

3.WindMill

A wind turbine, commonly known as a windmill, is a device designed to capture the kinetic
energy of wind and convert it into mechanical or electrical energy. It typically consists of large
blades mounted on a tower, which rotate when exposed to wind. The rotational motion of the
blades drives a generator housed within the turbine, converting mechanical energy into
electrical energy. There are two main types of wind turbines: horizontal axis wind turbines
(HAWT) and vertical axis wind turbines (VAWT). HAWTSs have blades that rotate around a
horizontal axis, while VAWTSs have blades that rotate around a vertical axis. Wind turbines
require a thorough assessment of the wind resource at the installation site to determine their
feasibility and expected energy output. Factors such as wind speed, direction, and turbulence
are analyzed to optimize turbine placement and performance. Wind energy is a clean and
renewable energy source that produces no greenhouse gas emissions during operation, making
it environmentally friendly. However, wind turbine construction and operation may have some
environmental impacts, such as habitat disruption and bird collisions. Regular maintenance is
essential to ensure the continued operation and efficiency of wind turbines, including tasks such
as blade inspection and lubrication. Wind turbines have various applications, including utility-
scale wind farms, distributed generation for residential and commercial buildings, and off-grid
power supply for remote locations. Ongoing research and development aim to improve wind
turbine efficiency, reduce costs, and address environmental concerns, driving the continued

growth of wind energy as a clean and sustainable energy source.

Convergence Summit’24: Exploring Electronics and Communication, Artificial Intelligence, and Data Science (CS'24: ECADS)
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4.Switches
There are two types of Switches are used
a.SPDT

A Single Pole Double Throw (SPDT) switch is a fundamental electrical component used in
various circuits to control the flow of electricity. It features three terminals: one common
(COM) terminal and two throws, namely the normally open (NO) and normally closed (NC)
terminals. The SPDT switch operates by toggling between two positions, where the common
terminal is connected either to the normally open or normally closed terminal. This
functionality enables the switch to redirect the electrical current between two different paths or
functions, depending on its position. SPDT switches find widespread use in electrical systems,
serving as control switches for lights, fans, and appliances, as well as selector switches for
mode or setting adjustments. Their versatility and simple toggle mechanism make them
essential components in automotive, industrial, and consumer electronics applications.
Represented by a distinctive symbol in circuit diagrams, the SPDT switch offers an efficient
solution for circuit control, allowing users to easily toggle between different electrical paths or
functions with a simple flick of a lever or push of a button.

b. SPST

A Single Pole Single Throw (SPST) switch serves as a fundamental component in electrical
circuits, offering straightforward control over the flow of current. With just two terminals, a
common (COM) and a normally open (NO) terminal, the SPST switch toggles between two
positions: ON and OFF. In its ON position, the switch connects the common terminal to the
normally open terminal, enabling current to flow through the circuit. Conversely, in the OFF
position, the circuit is interrupted, and current ceases to flow. Commonly depicted in circuit
diagrams by a line with a triangular symbol at one end and a single line extending from the
other, SPST switches are widely utilized as basic on/off switches in various applications. From
power switches for lights and appliances to control switches for electronic devices, SPST
switches offer a simple yet effective solution for circuit control. Equipped with a user-friendly

Convergence Summit'24: Exploring Electronics and Communication, Artificial Intelligence, and Data Science (CS'24: ECADS)

Frontiers, Organized by Department of ECE and Al & DS, Grace College of Engineering, 30th April 2024 6



Special Issue: CS’24: ECADS: International Journal of Current Science Research (IJCSR) e-ISSN: 2454-5422 J

toggle mechanism, they ensure easy operation and reliable switching between ON and OFF
states. Despite their simplicity, SPST switches provide versatility and play a crucial role in
countless electrical and electronic systems, demonstrating their significance as fundamental

components in circuit design and functionality.

5.Lead Acid Battery

A lead-acid battery, a cornerstone of rechargeable energy storage, operates on a reversible
chemical reaction involving lead dioxide, lead, and sulfuric acid. Its construction typically
comprises multiple cells interconnected to produce the desired voltage, with each cell
containing lead dioxide as the positive electrode, sponge lead as the negative electrode, and
sulfuric acid as the electrolyte. During discharge, lead dioxide at the positive electrode converts
to lead sulfate, while lead at the negative electrode oxidizes to lead sulfate, generating an
electric current. Conversely, during charging, an external current reverses these reactions,
replenishing the lead dioxide and lead. Lead-acid batteries find extensive use in automotive,
industrial, and marine applications due to their affordability, reliability, and high surge current
capability. Despite their advantages, these batteries have limitations such as a finite cycle life,
bulkiness, and maintenance needs. Moreover, safety precautions are crucial due to the presence
of corrosive sulfuric acid. While newer battery technologies offer improved performance
metrics, lead-acid batteries remain indispensable in many sectors for their proven track record

and cost-effectiveness.
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The hybrid renewable energy portable power unit for fishing boats operates through a
combination of solar and wind energy utilization, battery storage, and advanced control
mechanisms. This section provides a detailed explanation of how the system functions to power

the boat's propulsion system.

Solar Panel and Wind Turbine Integration

» The system is equipped with solar panels and a wind turbine to harness renewable energy from
sunlight and wind.

» Solar panels convert sunlight into electricity, while the wind turbine generates electricity from

wind energy, providing a continuous and sustainable power source for the boat.

Battery Storage and Management

The generated electricity is stored in two lead-acid batteries, serving as the primary power
source for the boat's propulsion system. These batteries are strategically positioned to optimize
weight distribution and ensure efficient energy storage and utilization.

Control Switches and Functions
Operation of the power unit is facilitated through the use of switches, each serving a specific
function. A Single Pole, Single Throw (SPST) switch is employed to activate the lead-acid

battery indicator, allowing users to monitor the remaining charge of the batteries accurately.

Additionally, a Single Pole, Double Throw (SPDT) switch is utilized to interchange between
the two lead-acid batteries seamlessly. This feature enables users to switch to a fully charged

battery when one becomes depleted, thereby ensuring uninterrupted operation of the boat.

Battery Indicator Monitoring

The lead-acid battery indicator provides real-time feedback on the remaining charge of the
batteries, allowing users to make informed decisions regarding power management and
conservation. This feature is crucial for optimizing power usage and maximizing the efficiency

and range of the boat's propulsion system.

Operation Procedure

» Users can easily operate the power unit by activating the necessary switches based on
prevailing conditions and power requirements.

» During periods of sufficient sunlight or wind, the system prioritizes the use of renewable

energy sources to charge the batteries and power the boat.
I ———————————

Convergence Summit'24: Exploring Electronics and Communication, Artificial Intelligence, and Data Science (CS'24: ECADS)

Frontiers, Organized by Department of ECE and Al & DS, Grace College of Engineering, 30th April 2024 8



Special Issue: CS’24: ECADS: International Journal of Current Science Research (IJCSR) e-ISSN: 2454-5422 J

\4

In instances of insufficient renewable energy or high power demand, users can seamlessly

switch to battery power using the SPDT switch.

» The interchangeable batteries feature ensures reliability and flexibility, allowing users to switch
to a fully charged battery without interrupting the boat's operation.

» In summary, the hybrid renewable energy portable power unit for fishing boats offers a

sustainable and efficient propulsion solution by integrating solar and wind energy utilization,

advanced battery management, and user-friendly control mechanisms.

Il. Flow Diagram

Flow Chart

solar panel
battery is used

Engine
starts

|

)

1 windmill battery
is used

Upon starting the system, ensure that all components are properly connected and in

Initialization

operational condition. Verify that the batteries are securely installed and adequately charged.

Solar and Wind Energy Harvesting

The system begins harvesting renewable energy from solar panels and the wind turbine.
Solar

panels convert sunlight into electricity, while the wind turbine generates electricity from

wind energy. Energy generated from both sources are directed to charge the lead-acid batteries.

Battery Charging

As renewable energy is harvested, the lead-acid batteries begin to charge. The battery
charging process continues until the batteries reach their maximum capacity or until there is a
sufficient charge level for boat operation.

Power Management

The system continuously monitors the charge level of the lead-acid batteries using the battery
indicator. Based on power demand and available energy sources, the system determines the
optimal power management strategy.

Convergence Summit’24: Exploring Electronics and Communication, Artificial Intelligence, and Data Science (CS'24: ECADS)
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Propulsion System Activation
When the boat's propulsion system is required, users activate the system using the control
switches. The SPST switch is used to activate the lead-acid battery indicator, providing real-
time feedback on battery charge levels. If sufficient renewable energy is available, the system
prioritizes using solar and wind power to propel the boat.
Battery Interchange

In the event of depleted batteries or increased power demand, users can switch between the
two lead-acid batteries using the SPDT switch. This feature allows users to seamlessly switch

to a fully charged battery without interrupting the boat's operation.

Continuous Operation
The system ensures continuous operation of the boat's propulsion system by dynamically
adjusting power sources and managing battery usage. Users can monitor the system's

performance and battery charge levels through the battery indicator.

Shutdown

When boat operation is no longer required, users can deactivate the propulsion system and
power unit. Ensure that all components are properly shut down and safely secured for storage
or transportation. This workflow outlines the operational sequence of your hybrid renewable
energy portable power unit, illustrating how renewable energy sources are harvested, stored,

and utilized to power the boat's propulsion system efficiently.

I1l. Result

The development and implementation of a hybrid renewable energy portable power unit
for fishing boats represent a significant step forward in promoting sustainability and efficiency

in maritime transportation.

Through the integration of solar panels, wind turbines, and batteries, fishing boat
operators can reduce their dependence on fossil fuels, lower operating costs, and minimize

environmental impact.
I ———————————
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The hybrid nature of the power unit allows for greater flexibility in adapting to
varying energy demands and environmental conditions, which can be easily switched and the
amount of energy is showed using the indicator.

The hybrid renewable energy portable power unit project represents a promising solution
that balances environmental sustainability with operational efficiency, empowering fishing boat
operators to navigate towards a cleaner, more resilient, and sustainable future for maritime

transportation

Conclusion

In conclusion, the development and implementation of a hybrid renewable energy portable
power unit for fishing boats represent a significant step forward in promoting sustainability and
efficiency in maritime transportation. Through the integration of solar panels, wind turbines,
and batteries, fishing boat operators can reduce their dependence on fossil fuels, lower
operating costs, and minimize environmental impact. The advantages of the hybrid renewable
energy system, including reduced fuel costs, environmental sustainability, increased energy
independence, improved reliability, and enhanced operational flexibility, demonstrate its
potential to revolutionize the fishing industry and contribute to a more sustainable future.

However, it's essential to acknowledge the challenges and limitations associated with this
technology, such as initial investment costs, intermittent energy availability, limited storage
capacity, technological complexity, and dependency on external factors. Addressing these
challenges will require continued research, innovation, and collaboration among stakeholders in
the maritime sector. Moving forward, further advancements in renewable energy technologies,
battery storage capabilities, and energy management systems will enhance the performance and
viability of hybrid renewable energy systems for fishing boats. By overcoming these challenges
and leveraging the benefits of clean energy solutions, we can pave the way for a more

sustainable and resilient maritime industry.

In conclusion, the hybrid renewable energy portable power unit offers a promising solution to
address the dual challenges of reducing environmental impact and improving economic
viability in fishing boat operations. By embracing this technology, fishing boat operators can

not only enhance their bottom line but also contribute to global efforts to combat climate
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change and preserve marine ecosystems for future generations
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Abstract

The "Image Processing-Based Fire Detection” project introduces an innovative approach to
fire detection using image processing methodologies. Utilizing a single webcam and Python
software, the project provides a cost-effective and practical solution for detecting fires in
diverse settings. Central to the system is the integration of an XML file for fire detection,
enabling the application of sophisticated image processing algorithms to analyze live video
feeds from the webcam. Upon detecting the presence of fire, the system activates an alarm
and initiates the transmission of email alerts designated recipients, facilitating swift response
to fire emergencies. By harnessing the power of image processing and leveraging minimal
hardware requirements, the project demonstrates its adaptability and effectiveness in
detecting fires in real-time. This solution holds promise for enhancing fire safety measures in

both residential and commercial environments.

Index Terms: Image processing, fire detection, Python 3.12, OpenCV, alarm system, email

notification.
l. Introduction

In recent years, the development of advanced fire detection systems has become increasingly
important for ensuring the safety of lives and property. Traditional methods often rely on
sensors that detect changes in temperature or smoke particles, but these approaches may lack
accuracy and reliability, especially in dynamic environments. To address these limitations,
this paper presents an image processing-based fire detection system implemented in Python
3.12 using the OpenCV library. By analyzing live video streams from a web camera, the
system detects fire instances in real-time, triggers alarms, and sends email notifications to
designated users. The integration of Python 3.12, OpenCV, XML configuration files, and the
“playsound” library enables efficient and effective fire detection with visual feedback for
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enhanced situational awareness. The primary goal of this project is to develop an intelligent
fire detection system capable of accurately identifying fire occurrences in images or video
streams in real-time. By employing advanced algorithms and machine learning approaches,
the system aims to discern the distinct visual signatures of fire instances amidst varying

environmental conditions.

The significance of this endeavor extends beyond technological innovation; it speaks to a
broader commitment to safeguarding lives and assets. Through the deployment of advanced
image processing methods, the project aims to enhance fire safety protocols across diverse

domains, ranging from residential buildings to industrial facilities.

The methodology adopted for this project encompasses a comprehensive approach, spanning
data preprocessing, feature extraction, and pattern recognition. By leveraging techniques
such as color space analysis and edge detection, the system aims to identify and localize

regions indicative of fire occurrences with high precision.

The implementation phase of the project involves the seamless integration of software and
hardware components. Python 3.12 serves as the primary programming language,
facilitating interaction with the OpenCV library for image processing tasks. Additionally,
the inclusion of the “playsound” library enables the activation of auditory alarms upon fire

detection.

The culmination of this project is expected to yield a robust and reliable fire detection system
that surpasses the limitations of existing methodologies. Through rigorous testing and
validation, the system aims to demonstrate its efficacy in detecting fire instances while
minimizing false alarms, thereby contributing to enhanced safety and risk mitigation

strategies.

By leveraging advanced image processing algorithms and machine learning techniques, the
system endeavors to achieve superior accuracy in detecting fire occurrences. Through
rigorous validation against diverse datasets, the system aims to minimize false positives and
false negatives, ensuring reliable performance in real-world scenarios. One of the primary
goals of the project is to enable real-time detection of fire instances in images or video
streams. By optimizing computational efficiency and leveraging parallel processing
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capabilities, the system aims to achieve rapid detection and response, thereby minimizing the
potential impact of fire incidents on lives and property.

The developed system aims to demonstrate adaptability and robustness in diverse
environmental conditions and scenarios. Through comprehensive testing under varying
lighting conditions, camera perspectives, and environmental factors, the system aims to

showcase its resilience and effectiveness in detecting fire instances across different contexts.

Finally, the project aims to document its development process, validation methodologies, and
performance metrics comprehensively. Through detailed documentation and validation
reports, the project seeks to provide transparency and accountability, enabling stakeholders to
assess the reliability and effectiveness of the developed system accurately.

I. Image Processing

Prior research in the field of fire detection has explored various approaches, including sensor-
based systems, machine learning algorithms, and image processing techniques. While sensor-
based systems offer simplicity and reliability, they may be limited by environmental factors
and false alarms. Machine learning algorithms have shown promise in improving detection
accuracy but may require extensive training datasets and computational resources. Image
processing techniques, particularly those implemented using libraries such as OpenCV, offer
a versatile and efficient approach to fire detection by analyzing visual data in real-time.

Image processing techniques, particularly those implemented using libraries like OpenCV,
have gained traction for fire detection applications. These techniques analyze visual data in
real-time, detecting fire instances based on color, texture, and spatial characteristics. By
leveraging the rich information present in images or video streams, image processing-based

approaches offer versatility and efficiency in fire detection tasks.
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Figure 1: Stages of Image Processing

I11. Methodology

The proposed fire detection system consists of several key components, including:
I —
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» Web camera for capturing live video streams
» Python 3.12 for programming the system

» OpenCV library for image processing tasks
» XML configuration files for system settings

» playsound library for triggering alarms

The system operates by continuously analyzing frames from the live video stream using
image processing techniques implemented in Python 3.12 with the OpenCV library. Upon
detecting a fire instance, the system triggers an alarm, visually highlights the fire using
green-colored bounding boxes, and sends email notifications to designated users.

The methodology employed in the implementation of the image processing-based fire
detection system involves a systematic approach encompassing several key components and
steps. The following detailed methodology outlines the process from data acquisition to

alarm activation and email notification:

Data Acquisition and Preprocessing

Web Camera Integration- The system interfaces with a web camera to capture live video
streams, providing real-time visual data for analysis. Image Preprocessing techniques are
applied to the acquired images to enhance clarity and reduce noise. Operations such as
resizing, denoising, and color space conversion are performed to optimize the input for

subsequent analysis.

Fire Detection Algorithm

Implementation Using Open CV-The core of the system is the fire detection algorithm,
developed using the OpenCV library in Python 3.12. Various image processing techniques,
including color filtering, edge detection, and contour analysis, are employed to identify

regions indicative of fire occurrences.

Feature Extraction and Classification, The algorithm extracts relevant features from the
preprocessed images and classifies them as either fire or non-fire regions based on
predefined criteria and thresholds. Upon detection of fire instances, the algorithm localizes
the detected fires within the image, determining their spatial extent and position for further

analysis and visualization.
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Alarm Activation
Integration of “playsound” Library Upon successful detection of a fire, the system triggers an
alarm using the “playsound" library. This auditory alert notifies individuals in the vicinity of

the potential fire hazard, prompting prompt evacuation and emergency response.

Email Notification

Configuration of Email Sending, In addition to the auditory alarm, the system is configured
to send email notifications to designated users upon fire detection. This feature facilitates
remote monitoring and enables timely communication with relevant stakeholders for

coordinated response measures.

Visual Highlighting of Detected Fires, To enhance situational awareness, the system
visually highlights detected fire instances using green-colored bounding boxes overlaid on
the live video feed. This visual feedback provides immediate visual cues of the detected fires,

aiding in rapid decision-making and response by users.

System Integration and Deployment

Integration of Components, The individual components of the system, including the web
camera interface, fire detection algorithm, alarm activation, email notification, and visual
feedback mechanisms, are integrated into a cohesive system. Testing and Validation of
integrated system is rigorously tested and validated using various fire scenarios and

environmental conditions to ensure its robustness and reliability in real-world applications.

Deployment and User Training upon successful validation, the system is deployed in
relevant environments, and users are trained on its operation and functionalities to ensure
effective utilization and maintenance. Continuous Monitoring and Maintenance - Monitoring
and Performance Evaluation of deployed system  undergoes continuous  monitoring
and performance evaluation to assess its effectiveness in detecting fire instances and
mitigating potential risks. Maintenance and Updates, the regular maintenance and updates
are performed to address any issues, optimize system performance, and incorporate new

features or improvements based on user feedback and technological advancements.
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This comprehensive methodology outlines the systematic approach followed in the
development, implementation, and deployment of the image processing-based fire detection

system, emphasizing its key components, algorithms, integration, and maintenance aspects.

VI Conclusion

In conclusion, the development and implementation of the image processing-based fire
detection system represent a significant milestone in enhancing fire safety measures through
technological innovation. Leveraging Python 3.12 software, OpenCV library, and auxiliary
tools such as XML configuration files, the system demonstrates a robust and efficient
approach to detecting fire instances in real-time using live video streams from a web camera.
Thus, the image processing-based fire detection system represents a significant advancement
in fire safety technology, offering a proactive and effective approach to detecting and
responding to fire incidents. By harnessing the power of image processing and real-time data
analysis, the system contributes to creating safer and more resilient environments for

individuals and communities alike.

V References

[1] Ko, Byoung Chul and Sooyeong, Kwak, “Survey of computer vision-based natural
disaster warning systems,” Opt. Eng. VVol. 51, No. 7, pp. 070901, 28 June 2012.

[2] Thou-Ho Chen, Ping-Hsueh Wu and Yung-Chuen Chiou, “An early fire-detection
method based on image processing,” 2004 International Conference on Image Processing,
2004. ICIP 04, Singapore, Vol. 3

[3] Ko, Byoungchul, Cheong, Kwang-Ho and Nam, Jae-Yeal, Early fire detection
algorithm based on irregular patterns of flames and hierarchical Bayesian Networks. Fire
Safety Journal, Vol. 45, 2010. DOI: 10.1016/j.firesaf.2010.04.001.

[4] X. Qi, and Ebert, Jessica. A computer vision-based method for fire detection in color
videos. International Journal of Imaging, Vol. 2, pp. 22-34. 2009.

[5] J. Zhang, J. Zhuang, H. Du, S. Wang and X. Li. A Flame Detection Algorithm Based

on Video Multi-feature Fusion. In: Jiao L., Wang L., Gao X., Liu J., Wu F. (eds) Advances in
________________________________________________________________________________________________________________|

Convergence Summit’24: Exploring Electronics and Communication, Artificial Intelligence, and Data Science (CS'24: ECADS)

Frontiers, Organized by Department of ECE and Al & DS, Grace College of Engineering, 30th April 2024 18



Special Issue: CS’24: ECADS: International Journal of Current Science Research (IJCSR) e-1SSN: 2454-5422

Natural Computation. ICNC 2006. Lecture Notes in Computer Science, Springer, Berlin,
Heidelberg, Vol. 4222. 2006.

[6] Z. Yin, B. Wan, F. Yuan, X. Xia and J. Shi, “A Deep  Normalization and
Convolutional Neural Network for Image Smoke Detection,” in IEEE Access, Vol. 5, pp.
18429-18438, 2017. DOI: 10.1109/ACCESS.2017.2747399.

[7] K. Muhammad, J. Ahmad, I. Mehmood, S. Rho and S. W. Baik, “Convolutional
Neural Networks

[8] Li, Pu and Zhao, Wangda. Image fire detection algorithms based on convolutional
neural networks. Case Studies in Thermal Engineering. Vol. 19, DOL:
10.1016/j.csite.2020.100625. 19 pp. 100625, 2020.

[9] Fire Detection Use CCTV with Image Processing Based Raspberry Pi - H
Pranamurti et al 2019 J. Phys.: Conf. Ser. 1201 012015

[10] Maurice Jones, “Fire Protection Systems”, Edition 1 Cengage Learning, 08-Aug-
2008

[11] A. Rehman, N. Masood, S. Arif, U. Shahbaz, F. Sarwar, K. Magsood, M. Imran, &
M. Pasha, IEEE Paper on “Autonomous Fire Extinguishing system”

[12] Vimal, Asif, Vimal, Denny, Adarsh, IEEE maker project on “Fire Extinguishing

robot”

[13] Yamagishi, H. and Yamaguchi, J.(n.d.). A contour fluctuation data processing
method for fire flame detection using a color camera. 26th Annual Conference of the IEEE
Industrial Electronics Society. IECON.IEEE International Conference on Industrial
Electronics, Control and Instrumentation. 21st Century Technologies and Industrial,
pp.824+829, 2000.

[14] [Pritam, D., and Dewan, J. H. (2017). Detection of fire using image processing
techniques with LUV color space. 2nd International Conference for Convergence in
Technology (12CT), pp.1158 1162, 2017.
I —

Convergence Summit’24: Exploring Electronics and Communication, Artificial Intelligence, and Data Science (CS'24: ECADS)

Frontiers, Organized by Department of ECE and Al & DS, Grace College of Engineering, 30th April 2024 19



Special Issue: CS’24: ECADS: International Journal of Current Science Research (IJCSR) e-1SSN: 2454-5422

[15] Seebamrungsat, J., Praising, S., and Riyamongkol, P. (2014). Fire detection in the
buildings using image processing. 2014 Third ICT International Student Project Conference
(ICT ISPC), pp.95-98, 2014.

[16] Azmil, M. S. A., Ya’acob, N., Tahar, K. N., and Sarnin, S. S. (2015). Wireless fire
detection monitoring system for fire and rescue application. 2015 IEEE 11th International
Colloguium on Signal Processing and Its Applications (CSPA), pp.84-89, 2015.

[17] Md Saifudaullah Bin Bahrudin and Rosni Abu Kassim “Development of Fire Alarm
System using Raspberry Pi and Arduino Uno” in International Conference on Electrical,
Electronics and System Engineering, 2013, pp. 43-47, 2013.

[18] Ku. R.A.Agrawal and Prof. S.T.Khandare “Fire Detection Using Image Processing”

Convergence Summit’24: Exploring Electronics and Communication, Artificial Intelligence, and Data Science (CS'24: ECADS)

Frontiers, Organized by Department of ECE and Al & DS, Grace College of Engineering, 30th April 2024 20



Special Issue: CS’24: ECADS: International Journal of Current Science Research (IJCSR) e-1SSN: 2454-5422

OnelnternZ: Internship Portal

V. Jerald Abishek® and I. Felcia Jerlin®

IB.E. IV Year, Department of CSE, Grace College of Engineering, Tuticorin, Tamilnadu, India
2Associate Professor, Department of CSE, Grace College of Engineering, Tuticorin, Tamilnadu, India

*Corresponding Author e-mail id: felciajerlin@gracecoe.org

Abstract

The OnelnternZ Internship Portal is an online platform aimed at enhancing the internship
experience for students and organizations. In today's competitive job market, internships are
essential for shaping students' professional journeys. This portal acts as a conduit, linking
talented students with diverse internship opportunities provided by forward-thinking
organizations. Internships offer invaluable real-world exposure, allowing students to apply
theoretical knowledge and develop sought-after skills. The OnelnternZ Internship Portal
simplifies the internship process, making it more accessible and transparent. For students, the
portal provides a user-friendly interface to browse and apply for internships aligned with their
interests and career goals. They can track application statuses, receive notifications for new
opportunities, and communicate with organizations directly. For organizations, the portal
facilitates the posting of internship opportunities, attracting top talent and streamlining
application reviews. By fostering connections between students and organizations, the
OnelnternZ Internship Portal creates mutually beneficial partnerships driving innovation and
professional growth. With its intuitive interface and commitment to excellence, the portal
empowers the next generation of professionals, fostering a culture of learning and
collaboration in the evolving internship landscape.

Index Terms: OnelnternZ, Online, Internship

I. Introduction

In today's rapidly evolving job market, internships have emerged as integral components in
shaping the career trajectories of students. The landscape of professional development now
heavily emphasizes hands-on experience and practical application of theoretical knowledge.
Against this backdrop, the OnelnternZ Internship Portal arises to address the growing need
for a streamlined and efficient platform that connects students seeking internships with

organizations offering such opportunities.
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The background of this project is rooted in the increasing importance of internships as a
gateway to professional success. As industries continue to evolve and demand highly skilled
talent, the role of internships in grooming future professionals becomes even more
pronounced. Therefore, the development of the OnelnternZ Internship Portal is not just a
response to current challenges but also a proactive step towards fostering a more robust and

inclusive ecosystem for internships.

Through this portal, students gain access to a diverse range of internship opportunities
tailored to their interests and career aspirations. Simultaneously, organizations can tap into a
pool of talented individuals, thereby fostering innovation and growth within their respective
fields.

Il. Objective

The primary objective of the OnelnternZ Internship Portal is to revolutionize the internship
experience by creating a user-centric platform that fulfills the needs of both students and
organizations. The following objectives guide the development and implementation of the

portal:

» Centralize internship listings to make opportunities more accessible. Streamline the
application process to remove barriers to entry.

» Provide real-time communication channels between students and organizations

» Implement application tracking and notification systems for enhanced engagement.

» Ensure transparency in selection processes to build trust among users.

» Curate internship opportunities tailored to students' academic backgrounds and career
interests.

» Connect organizations with highly motivated and talented student interns.
[1l. System Design

The architecture of the OnelnternZ Internship Portal is designed to be modular, scalable, and
efficient, utilizing a combination of frontend technologies, backend frameworks, and a

relational database management system (RDBMS).
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1) Frontend Development

In frontend development, Laravel Blade templates are utilized to generate dynamic HTML
content, allowing for the seamless integration of backend data with frontend views. CSS
stylesheets are employed to define the visual layout and presentation of the portal, while
JavaScript enhances user interactions and provides dynamic functionalities such as form

validation and asynchronous data loading.

Bootstrap framework is leveraged to streamline frontend development by providing a rich
set of pre-designed components, responsive grid system, and utility classes for styling and
layout. This ensures consistency in design across different pages and enhances the overall

user experience.
i) Backend Development

Backend development in the OnelnternZ Internship Portal is implemented using PHP
programming language and the Laravel framework. Laravel provides a comprehensive set
of tools and libraries for building web applications, including routing, middleware,

controllers, models, and ORM (Object-Relational Mapping) for database interactions.

The backend logic is organized into modular components, with controllers responsible for
handling HTTP requests, processing business logic, and communicating with the database
through Eloquent ORM. Middleware is used for implementing cross-cutting concerns such
as authentication, authorization, and input validation, ensuring the security and integrity of
the application.

iii) Database Design

The database design of the OnelnternZ Internship Portal is structured to efficiently store and

manage data related to various entities such as users, internship listings, applications, and
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feedback. The database schema follows a relational model, with tables organized into

normalized forms to minimize redundancy and ensure data consistency.

MySQL is used as the RDBMS for the portal, providing support for transactions, indexing,
and data integrity constraints. Tables are designed to establish relationships between entities
using foreign key constraints, allowing for efficient data retrieval and manipulation through
SQL queries.

Overall, the system architecture of the OnelnternZ Internship Portal is designed to provide a
robust, scalable, and user-friendly platform for connecting students and organizations for
internship opportunities, leveraging the capabilities of Laravel, MySQL, and frontend

technologies to deliver a seamless experience for users.
IV Conclusion

Throughout the development and implementation of the OnelnternZ Internship Portal,
several key findings emerged. The portal successfully addressed the challenges faced by
students and industries in the internship process, providing a user-friendly platform for
connecting talented students with rewarding internship opportunities. The intuitive interface,
advanced filtering options, and streamlined application process contributed to an enhanced
user experience, resulting in increased engagement and satisfaction among users.
Additionally, the backend architecture and database design proved to be robust and scalable,
ensuring optimal performance and reliability even under heavy usage. Overall, the findings
underscore the effectiveness of the OnelnternZ Internship Portal in facilitating meaningful
connections between students and industries, ultimately enriching the internship experience

for all stakeholders.
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Abstract

This project explores a 24GHz slot antenna using the Substrate Integrated Waveguide (SIW) technique
for the Industrial, Scientific, and Medical (ISM) band. It features an innovative inset feed for optimized
performance, achieving a front-to-back ratio of 23.139, directivity of 2.6654, and a peak gain of 2.6323.
With a radiation efficiency of 98.76%, it maximizes power usage for reliable signal transmission,
making it robust and adaptable for diverse environments. Moreover, the antenna demonstrated
impressive power handling capabilities despite relatively low incident power levels. This sensitivity and
effectiveness in capturing and processing incoming signals highlight its robustness and adaptability in
diverse operating environments. Overall, the successful development and validation of the SIW slot
antenna presented in this study offer promising prospects for advancements in high-frequency

communication systems and radar technologies.

Index Terms: SIW Antenna, ISM Band, Medical Application, High-Frequency.

1. Introduction

Antennas are pivotal components within the field of telecommunications, serving as transducers that
convert electrical signals into electromagnetic waves for transmission or vice versa for reception. These
devices are instrumental in various applications such as radio communication, television broadcasting,
radar systems, and wireless networks. The efficacy of communication systems heavily relies on the
meticulous design of antennas, which act as conduits bridging the guided electrical signals in a
conductor, like a transmission line, with the surrounding free space where electromagnetic waves

propagate.

A set of fundamental parameters govern the design and performance of antennas. Frequency, the range
of operation, plays a pivotal role, with antennas designed to operate within specific frequency bands
tailored to the intended application. The radiation pattern of an antenna is a crucial characteristic,
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depicting how it radiates or receives energy in three-dimensional space. This pattern includes features
such as beamwidth, directivity, and polarization, all of which contribute to the overall effectiveness of
the antenna in a given context. Antenna types vary based on their design and application. The dipole

antenna, with two conductive elements of equal length, is a fundamental and widely used design.

Yagi-Uda antennas, characterized by multiple elements including one driven element and parasitic
elements, are common in television reception. Patch antennas, known for their compact and flat design,
find applications in GPS and wireless communication. Parabolic reflector antennas use a curved
reflector to focus radio waves onto a single point and are prevalent in satellite communication and radar
systems. Horn antennas, shaped like a horn, are employed for wideband applications. The design of
antennas involves meticulous considerations. The geometry and dimensions of the antenna, including
the length, width, and spacing of elements, significantly impact its performance. Material selection is
critical, with conductive metals like copper and aluminum being common choices. Maximizing
radiation efficiency ensures that a significant portion of the input power is converted into radiated
energy, minimizing losses. Matching networks are designed to ensure optimal impedance matching
between the antenna and the transmission line for efficient power transfer. The Substrate Integrated
Waveguide (SIW) structure is a novel and innovative technology in the realm of microwave and

millimeter-wave engineering.

2. Methodology

2.1 Classification of Antennas

There are wide varieties of antennas used for the transmission of radio signals in the world today. Each
different type of antenna has its relative merits and disadvantages in performance, manufacturability,
and cost. It represents a departure from traditional waveguide structures by integrating waveguide-like
features into a planar substrate, providing a compact and cost-effective alternative for high-frequency
applications. SIWs leverage the advantages of both conventional waveguides, which offer low loss and
high power-handling capabilities, and planar technologies, which allow for easy integration with other
planar circuit components. This integration is achieved by creating a guided structure within the
substrate, often using a periodic array of metalized vias or posts, enabling the confinement and
propagation of electromagnetic waves in a manner akin to traditional waveguides. The SIW structure
has found applications in various fields, including communication systems, radar systems, and sensing
devices, owing to its unique combination of performance attributes and integration capabilities. The
design of antennas based on the Substrate Integrated Waveguide (SIW) structure represents a significant

advancement in antenna engineering, particularly for high-frequency applications. SIW antennas
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combine the benefits of traditional waveguide antennas, such as high directivity and low loss, with the

advantages of planar technology, offering a more compact and integrated solution.

The isotropic point source radiator, one of the basic theoretical radiators, is useful because it can be
considered as a reference to otherantennas. The isotropic point source radiator radiates equally in all
directions in free space.

2.2 General Classification
According to their applications and technology available, antennas generally fall in one of the two

categories:

=) Omnidirectional or weakly directional antennas which receive or radiate more or less in all
directions. These are employed when the relative position of the other station is unknown or
arbitrary. They are also called used at lower frequencies where a directional antenna would be

too large, or simply to cut costs in applications where a directional antenna is not required.

< Directional or beam antennas which are intended to preferentially radiate or receive in a

particular direction or directional pattern.

2.3 Basic Parameters of an Antenna
Regardless of the type and configuration of the antenna, performance can be characterized by the same

metrics.

2.3.1 Wavelength
We often refer to antenna size relative to wavelength. For example: a half-wave dipole, which is
approximately a half-wavelength long. Wavelength is the distance a radio wave will travel during one

cycle.

2.3.2 Operating frequency

The operating frequency is the frequency range over which the antenna will meet all functional
specifications. It depends on the structure of the antenna in which each antenna types has its own
characteristic towards a certain range of frequencies. The operating frequency can be tuned by adjusting
the electrical length of the antenna.

Convergence Summit’24.: Exploring Electronics and Communication, Artificial Intelligence, and Data Science (CS'24: ECADS)

Frontiers, Organized by Department of ECE and Al & DS, Grace College of Engineering, 30th April 2024 28



Special Issue: CS’24: ECADS: International Journal of Current Science Research (IJCSR) e-ISSN: 2454-5422

2.3.3 Input impedance

For an efficient transfer of energy, the impedance of the radio, of the antenna and of the transmission
cable connecting them must be the same. Transceivers and their transmission lines are typically
designed for 50Q impedance. If the antenna has impedance different from 50Q then there is a mismatch

and an impedance matching circuit is required.

2.3.4 Return Loss

Return Loss (RL) is the ratio at the junction of a transmission line and terminating impedance or other
discontinuity. The return loss is another way of expressing mismatch. It is a logarithmic ratio measured
in dB that compares the power reflected by the antenna to the power that is fed into the antenna from the

transmission line.

2.3.5 Bandwidth

Bandwidth (BW) is defined as “the range of frequencies within which the performance of the antenna,
with respect to some characteristics conforms to a specified standard”. Bandwidth is often expressed in
terms of percent bandwidth, because the percent bandwidth is constant relative to frequency. If
bandwidth was expressed in absolute units of frequency, it would be different depending upon the center
frequency. Different types of antennas have different bandwidth limitations. The unit of bandwidth is
Hertz (Hz). For an antenna that has a frequency range, the bandwidth is usually expressed in ratio of the

upper frequency to the lower frequency where they coincide with the -3dB return loss value.

2.3.6 Radiation pattern

The radiation or antenna pattern describes the relative strength of the radiated field in various directions
from the antenna, at a constant distance. The radiation pattern is a reception pattern as well, since it also
describes the receiving properties of the antenna. The radiation pattern is three-dimensional, but usually
the measured radiation patterns are a two-dimensional slice of the three-dimensional pattern, in the
horizontal or vertical planes. These pattern measurements are presented in either a rectangular or a polar

format.

Fig. Polar Plot Radiation Pattern
I ———————
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2.3.7 Beamwidth

An antenna's beamwidth is usually understood to mean the half-power beamwidth. The peak radiation
intensity is found and then the points on either side of the peak which represent half the power of the
peak intensity are located. The angular distance between the half power points is defined as the
beamwidth. Half the power expressed in decibels is 3dB, so the half power beamwidth is sometimes
referred to as the 3dB beamwidth. Both horizontal and vertical beamwidths are usually considered.
Assuming that most of the radiated power is not divided into side lobes, then the directive gain is
inversely proportional to the beamwidth: as the beamwidth decreases, the directive gains increases.

2.3.7 Gain

Gain is not a quantity which can be defined in terms of a physical quantity such as the Watt or the Ohm,
but it is a dimensionless ratio. Gain is given in reference to a standard antenna. The two most common
reference antennas are the isotropic antenna and the resonant half-wave dipole antenna. The isotropic
antenna radiates equally well in all directions. Real isotropic antennas do not exist, but they provide
useful and simple theoretical antenna patterns with which to compare real antennas. AThe gain of an
antenna in a given direction is the amount of energy radiated in that direction compared to the energy an
isotropic antenna would radiate in the same direction when driven with the same input power. Usually
we are only interested in the maximum gain, which is the gain in the direction in which the antenna is
radiating most of the power. An antenna gain of 3 dB compared to an isotropic antenna would be
written as 3 dBi.

2.3.8 VSWR

The Voltage Standing Wave Ratio (VSWR) is an indication of how good the impedance match is.
VSWR is often abbreviated as SWR. A high VSWR is an indication that the signal is reflected prior to
being radiated by the antenna. VSWR and reflected power are different ways of measuring and
expressing the same thing. SWR is the ratio of the amplitude of a partial standing wave at an anti-node

to the amplitude at an adjacent node in an electrical transmission line.
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Abstract

Obiject detection is a computer vision task that has become an integral part of many consumer applications
today such as surveillance and security systems, mobile text recognition, and diagnosing diseases from
MRI/CT scans. Object detection is also one of the critical components to support autonomous driving.
Autonomous vehicles rely on the perception of their surroundings to ensure safe and robust driving
performance. This perception system uses object detection algorithms to accurately determine objects such
as pedestrians, vehicles, traffic signs, and barriers in the vehicle's vicinity. Deep learning-based object
detectors play a vital role in finding and localizing these objects in real-time.

Index Terms: AVs, Object, Driving
I. Introduction

Autonomous vehicles (AVs) have received immense attention in recent years, in large part due to their
potential to improve driving comfort and reduce injuries from vehicle crashes. It has been reported that
more than 36,000 people died in 2019 due to fatal accidents on U.S. roadways [1]. AVs can eliminate
human error and distracted driving that is responsible for 94% of these accidents [2]. By using sensors such
as cameras, lidars, and radars to perceive their surroundings, AVs can detect objects in their vicinity and
make real-time decisions to avoid collisions and ensure safe driving behavior. AVs are generally
categorized into six levels by the SAE J3016 standard [3] based on their extent of supported automation
(see Table 1). While level 0 — 2 vehicles provide increasingly sophisticated support for steering and
acceleration, they heavily rely on the human driver to make decisions. Level 3 vehicles are equipped with
Advanced Driver Assistance Systems (ADAS) to operate the vehicle in various conditions, but human
intervention may be requested to safely steer, brake, or accelerate as needed. Level 4 vehicles are capable
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of full selfdriving mode in specific conditions but will not operate if these conditions are not met. Level 5

vehicles can drive without human interaction under all conditions

I1. Overview of Object Detectors

Object detection consists of two sub-tasks: localization, which involves determining the location of an
object in an image (or video frame), and classification, which involves assigning a class (e.g., ‘pedestrian’,
‘vehicle’, ‘traffic light”) to that object. Figure 1 illustrates a taxonomy of state-of-the-art deep learning-
based object detectors. We discuss the taxonomy of these object detectors in this section. A. Two-stage vs
Single stage object detectors Two-stage deep learning based object detectors involve a two-stage process
consisting of 1) region proposals and 2) object classification. In the region proposal stage, the object
detector proposes several Regions of Interest (ROIs) in an input image that have a high likelihood of
containing objects of interest. In the second stage, the most promising ROIs are selected (with other ROIls

being discarded) and objects within them are classified [13].

Popular two-stage detectors include RCNN, Fast R-CNN, and Faster R-CNN. In contrast, single-stage
object detectors use a single feed-forward neural network that creates bounding boxes and classifies objects
in the same stage. These detectors are faster than two-stage detectors but are also typically less accurate.
Popular single-stage detectors include YOLO, SSD, EfficientNet, and RetinaNet.
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Figure 1. One stage and two stage detectors
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Figure 1 illustrates the difference between the two types of object detectors. Both types of object
detectors are typically evaluated using the mAP and Intersection over Union (loU) accuracy metrics.
mMAP is the mean of the ratio of precision to recall for individual object classes, with a higher value
indicating a more accurate object detector.

I11. Deploying Object Detectors in AVS

Deploying deep learning-based object detector models in AVs has its own challenges, mainly due
to the resource constrained nature of the onboard embedded computers used in vehicles. These computing
platforms have limited memory availability and reduced processing capabilities due to stringent power
caps, and high susceptibility to faults due to thermal hotspots and gradients, especially during operation in
the extreme conditions found in vehicles. As the complexity of the object detector model increases, the
memory and computational requirements, and energy overheads also increase. In this section, we discuss

techniques to improve object detector model deployment efficiency.
Pruning

Pruning a neural network model is a widely used method for reducing the model’s memory
footprint and computational complexity. Pruning was first used in the 1990s to reduce neural network sizes
for deploying them on embedded platforms [31]. Pruning involves removing redundant weights and
creating sparsity in the model by training the model with various regularization techniques (L1, L2,
unstructured, and structured regularization). Sparse models are easier to compress, and the zero weights
created during pruning can be skipped during inference, reducing inference time, and increasing efficiency.
While most pruning approaches target deep learning models for the simpler image classification problem,
relatively fewer works have attempted to prune the more complex object detector models. Wang et al. [32]
proposed using a channel pruning strategy on SSD models in which they start by creating a sparse
normalization and then prune the channels with a small scaling factor followed by fine-tuning the network.
Zhao et al. [33] propose a compiler aware neural pruning search on YOLOv4 which uses an automatic
neural pruning search algorithm that uses a controller and evaluator. The controller is used to select the
search space, pre-layer pruning schemes, and prune the model whereas the evaluator evaluates the model

accuracy after every pruning step.
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Quantization

Quantization is the process of approximating a continuous signal by a set of discrete symbols or
integer values. The discrete set is selected as per the type of quantization such as integer, floating-point,
and fixed-point quantization. Quantizing deep learning based object detector models involves converting
the baseline 32-bit parameters (weights, activations, biases) to fewer (e.g., 16 or 8) bits, to achieve lower

memory footprint, without significantly reducing model accuracy.

Fan et al. [34] proposed an 8-bit integer quantization of all the bias, batch normalization, and
activation parameters on SSDLiteMobileNetV2. LCDet [35] proposed a fully quantized 8-bit model in
which parameters of each layer of a YOLOV2 object detector were quantized to 8-bit fixed point values. To
achieve this, they first stored the minimum and maximum value at each layer and then used relative valued

to linearly distribute the closest integer value to all the reduced bitwidth weights

C.Knowledge Distillation Knowledge Distillation involves transferring learned knowledge from a
larger model to a smaller, more compact model. A teacher model is first trained for object detection,
followed by a smaller student model being trained to emulate the prediction behavior of the teacher model.
The goal is to make the student model learn important features to arrive at the predictions that are very
close to that of the original model. The resulting student model reduces the computational power and
memory footprint compared to the original teacher model. Kang et al. [36] proposed an instance-
conditional knowledge decoding module to retrieve knowledge from the teacher network (RetinaNet with a
ResNet-101 classifier model as backbone) via query-based attention. They also used a subtask that
optimized the decoding module and feature maps to update the student network (RetinaNet with a simpler
ResNet-50 model as backbone). Chen et al. [37] proposed a three-step knowledge distillation process on R-
CNN with a Resnet-50 model as backbone. The first step used a feature pyramid distillation process to
extract the output features that can mimic the teacher network features. They then used these features to
remove the output proposal to perform Regional Distillation

IV. Open Challenges and Opportunities

While there has been significant work on effective object detection for AVs, there are significant
outstanding challenges that remain to be solved. Here we discuss some of the key challenges and

opportunities for future research in the field.
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Neural Architecture Search (NAS): In recent years, NAS based efforts have gained much
attention to automatically determine the best backbone architecture for a given object detection task.
Recent works such as NAS-FCOS [38], MobileDets [39], and AutoDets [40] have shown promising results
on image classification tasks. Using automated NAS methods can help identify better anchors boxes and
backbone networks to improve object detector performance. The one drawback of these efforts is that they
take significantly longer to discover the final architecture. More research is needed to devise efficient NAS

approaches targeting object detectors.

Real-time processing: Object detectors deployed in AV’s use video inputs from AV cameras, but
the object detectors are typically trained to detect objects on image datasets. Detecting an object on every
frame in a video can increase latency of the detection task. Correlations between consecutive frames can
help identify the frames that can be used for detecting new objects (while discarding others) and reduce the
latency of the model. Creating models that can correlate spatial and temporal relationships between
consecutive frames is an open problem. Recent work on real-time object detection [41], [42], has begun to
address this problem, but much more work is needed. Sensor Fusion: Sensor fusion is one of the most
widely used methods for increasing accuracy of 2D and 3D object detection. Many efforts fuse lidar and
RGB images to perform object detection for autonomous driving. But there are very few works that
consider fusion data from ultrasonic sensors, radar, or V2X communication. The fusion of data from more
diverse sensors is vital to increasing the reliability of the perception system in AVs. Fusing additional
sensor data can also increase stability and ensure that the perception system does not fail when one of the
sensors fails due to environmental conditions. Recent efforts [43], [44] are beginning to design object
detectors that work with data from various sensors, which is a step in the right direction for reliable

perception in AVs.

Time series information: Most conventional object detection models rely on a CNN-based
network for object detection that does not consider time series information. Only a few works, such as [45]
and [46], consider multi-frame perception that uses data from the previous and current time instances.
Correlating time series information about vehicle dynamics can increase the reliability of the model. Some
works such as Sauer et al. [47] and Chen et al. [48] have used time-series data such as steering angle,

vehicle velocity, etc. with object detector output to create a closed loop autonomous driving system.
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Research on combining these efforts with time-series object detector outputs can enable us to make direct

driving decisions from these multimodal models for safer and more reliable driving.

Semi-supervised object detection: Supervised machine learning methods which are used in all
object detectors today require an annotated dataset to train the detector models. The major challenge in
supervised object detection is to annotate data for different scenarios such as, but not limited to, weather
conditions, terrain, variable traffic, and location, which is a time-consuming task to ensure improved safety
and adaptability of these models in real-world AV driving scenarios. Due to the evolving changes in
driving environments, the use of semisupervised learning for object detection can reduce training time of
these models. Some recent efforts, e.g., [49], [50], [51] advocate for performing object detection using
semi-supervised transformer models. Due to the high accuracy of transformerbased models, they can yield
better performance when detecting object for autonomous driving tasks. Even though transformerbased
models yield higher accuracy, deploying them on embedded onboard computers is still a challenge due to
their large memory footprint, which requires further investigation.

Open Datasets: Object detector model performance can vary due to changing lighting, weather,
and other environmental conditions. Data from different weather conditions during training can help fit all
the environmental needs to address this problem. Adding new data to accommodate these weather

conditions changes when training and testing these models can help overcome this issue.

The Waymo open dataset [52] has a wide variety of data that focus on different lighting and
weather conditions to overcome this issue. More such open datasets are needed to train reliable object
detectors for AVs to ensure robust performance in a variety of environmental conditions. Resource
Constraints: Most object detectors have high computational and power overheads when deployed on real
hardware platforms. To address this challenge, prior efforts have adapted pruning, quantization, and
knowledge distillation techniques (see Section I1I) to reduce model footprint and decrease the model's
computational needs. New approaches for hardware-friendly pruning and quantization, such as recent
efforts [53], [54], can be very useful. Techniques to reduce matrix multiplication operations, such as [55],
[56], [57] can also speed up object detector execution time. Hardware and software co-design, by
combining pruning, quantization, knowledge distillation etc. along with hardware optimization such as

parallel factors adjustment, resource allocation etc. also represents an approach to improve object detector
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efficiency. Results from recent work [58], [59], [60] have been promising, but much more research is

needed on these topics.

V. Experimental Results

loU measures the overlap between the predicted bounding box and the ground truth bounding box.
Formally, IoU is the ratio of the area of overlap between the (bounding and ground truth) boxes and the
area of union between the boxes. Figure 3 illustrates the loU of an object detector prediction and the

ground truth. Figure 2(a) shows a highly accurate loU and 2(b) shows a less accurate loU.

10U =0.6875

Figure 2(a) Figure 2(b)

Intersection over union for vehicle detection

Figure 3. Real time object detection in AVs

V1. Conclusion

In this article, we discussed the landscape of various object detectors being considered and
deployed in emerging AVs, the challenges involved in using these object detectors in AVs, and how the

object detectors can be optimized for lower computational complexity and faster inference during real-time
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perception. We also presented a multitude of open challenges and opportunities to advance the state-of-the-
art with object detection for AVs. As AVs are clearly the transportation industry's future, research to

overcome these challenges will be crucial to creating a safe and reliable transportation model.
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Abstract

The integration of efficient load management in electric vehicles (EVs) within smart grids holds
promise for enhancing reliability, efficiency, and cost-effectiveness. However, user involvement
may wane without adaptable user-centric approaches. To address this, a paper proposes a smart
charging strategy utilizing a deep learning algorithm. During connection sessions, this strategy
determines EV charging times. It minimizes the vehicle's total energy cost by considering
various factors like demand time series, pricing, environmental conditions, driving patterns, and
auxiliary data. Initially, a memorization technique estimates optimal solutions for existing
connection sessions. Deep learning models are then trained using this data and optimal decisions
to make real-time decisions, even when future variables like car usage or energy prices are
uncertain. The study reports a significant reduction in charging costs by employing the proposed
model. Comparisons with optimal charging costs demonstrate close similarity, validating the
effectiveness of the approach. This underscores the potential of deep learning in optimizing EV
charging within smart grid contexts, ultimately contributing to improved reliability, efficiency,
and cost-effectiveness.

Index Terms: EVs, charging, Network
Introduction

Ranked as the third-highest energy consumer among all industries, the transportation sector bears
significant responsibility for greenhouse gas emissions and air pollution. Motivated by concerns
over the adverse impacts of transportation on energy systems, climate change, and public health,
global efforts are underway to electrify transportation. As a result, many car manufacturers are

poised to exclusively produce electric vehicles (EVs) in the near future.
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In the United States, the market penetration of battery electric vehicles (BEVs) stood at 2.5% in
2022, with projections suggesting a rise to 50% by 2050. California, a frontrunner in Zero
Emission Vehicle policy, had already achieved a 10% penetration rate in 2022 and aims for
100% zero-emission vehicles, including BEVs, plug-in hybrids, and fuel cell vehicles, by 2045.

This rapid expansion of BEVs presents new challenges in designing and managing charging

infrastructure.

Accurately estimating how these new vehicles will utilize charging facilities is crucial to avoid
issues like unstable voltage and power loss in the power grid. Additionally, such estimates aid in
preparing infrastructure for the surge in EVs. Determining the required quantity of charging
infrastructure by charging level is vital for readying the electric grid for the influx of BEVs and

assessing the necessary investment in charging infrastructure.

BEVs can be charged across three categories: Level 1, Level 2, and DC-Fast, each exerting a
distinct charging speed and impact on the grid. Factors such as trip distance, arrival-departure
time, and charging behaviour of individual BEV trips significantly influence electricity demand

from these vehicles.

While travel demand models traditionally forecast daily trip and activity patterns, they lack the
precision needed to model BEV behaviour accurately. As such, a higher degree of accuracy is

imperative to predict and manage the electric loads associated with BEVs effectively.
Methodology

1. Deep Learning

This methodology is for constructing a decision-making model aimed at estimating electricity
pricing for charging electric vehicles (EVs). Through a series of experiments, the study
incorporates diverse data sources and pertinent information. In the optimization phase, the
methodology employs MMT (Mixed-Integer Linear Programming) and MT (Mathematical

Programming) modeling techniques to ascertain the most favorable solution.
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Figure 1: Deep Learning Methodology

To establish robust learning models, the methodology utilizes optimal solutions derived
from historical datasets. These datasets are meticulously partitioned into testing and training sets
using an information system. Subsequently, DL (Deep Learning) algorithms are employed to
train the learning models with the aid of these datasets. This comprehensive approach facilitates
the development of an effective decision-making model for estimating EV charging electricity
prices.

2. BLSTM Model

The BLSTM model, short for Bidirectional Long Short-Term Memory, is a type of recurrent
neural network (RNN) architecture that is capable of capturing long-term dependencies in
sequential data. In this context, the BLSTM model will be trained using a dataset comprised of
trips and charging data obtained from a subset of the eVMT (Electric Vehicle Mobility and
Charging) dataset collected between 2015 and Figure 2: BLSTM Model.
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The eVMT dataset likely contains information related to electric vehicle mobility, such as
trip details (e.g., distance traveled, duration of trips) and charging events (e.g., time, location,
duration of charging sessions). By training the BLSTM model on this dataset, it aims to learn
patterns and relationships in the data to make predictions or perform tasks related to electric

vehicle mobility and charging behavior.

3. RNN - GRU Model

The data collection process is initiated as the first step. To ensure a clear and usable
dataset, a crucial preprocessing step is included. This step is essential for transforming the input
data into a format that is more suitable for analysis. The preprocessing involves several tasks
2022 such as label encoding, eliminating null values, removing duplicate data, and eliminating
special characters. Once the preprocessing is completed, relevant features related to the batteries
are extracted using Recursive Neural Networks (RNN). This step helps in identifying and
isolating the key attributes of the batteries from the dataset.

Subsequently, Gated Recurrent Units (GRU) are employed to accurately record electric
vehicle miles and predict the status of the electric vehicle based on the battery features obtained
earlier. GRU is a type of recurrent neural network that is well-suited for processing sequential

data and capturing dependencies over time.
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Figure 3: RNN - GRU workflow for managing EV
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Finally, the performance of the proposed solution is evaluated using specific metrics and
compared against existing approaches. This assessment helps in determining the effectiveness
and reliability of the suggested methodology in predicting the status of electric vehicles based on
battery features.

4. LSTM Model

Deep learning is a powerful technique for tackling complex problems with intricate
relationships, such as time series forecasting, pattern recognition in video and image data, and
audio processing. Its ability to extract key features from large datasets based on past information

provides a significant advantage over other data-driven techniques.

Among deep learning architectures, Recurrent Neural Networks (RNNs) stand out for
their capability to leverage sequential information. They excel in tasks like time series
prediction, where the order of data points matters. However, traditional RNNs struggle with
long-term dependencies, hindering their effectiveness in capturing complex patterns over
extended periods.

To address this limitation, the Long Short-Term Memory (LSTM) model, a variant of
RNNs, was chosen for the forecasting task. LSTMs are designed to better handle long-term
dependencies by incorporating memory cells and gating mechanisms. They have demonstrated
superior performance in retaining and utilizing information over extended sequences, making

them well-suited for tasks requiring long-term context.

The selection of LSTM over traditional RNNs was motivated by its ability to mitigate the
issue of vanishing gradients, which can impede learning in deep networks with long sequences.
By maintaining stable gradients, LSTMs can effectively capture both short-term variations and

long-term trends in energy demand, enhancing the accuracy of forecasting models.
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Figure 4: LSTM Model
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5. DQN Reinforcement Learning algorithm (deep Q-networks)

This method aims to elucidate the technical intricacies of implementing the DQN (Deep
Q-Networks) Reinforcement Learning algorithm for the intelligent reservation of charging points
for electric vehicles, as developed under the Smart EVC project. It builds upon previous studies
such as Design Patterns and Electric Vehicle Charging Software, an overview and performance
evaluation of the Open Charge Point Protocol, and the Electrical Vehicle Simulator for Charging

Station.

The methodology employed in this study starts with generating parameters using a
scenario simulator created due to the absence of relevant publicly available datasets. These
datasets are crucial for training the neural network of the DQN model. The simulator supplies the
algorithm with data pertaining to specific situations, based on which the algorithm makes
decisions. Subsequently, the scenario generator runs simulations according to these decisions,
and the algorithm receives a reward associated with each scenario, informing it of the correctness
of its decisions. Over time, the network is trained to make better decisions based on the rewards

received in different situations.
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Figure 5: DQN Reinforcement Learning model

6. Demand-Side Management using Deep Learning

The proposed global methodology outlines the process for training a decision-making
model aimed at enabling smart charging of electric vehicles (EVSs) in response to dynamic
electricity pricing in real-time. The methodology consists of several stages:
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Ay

Datasets Stage: This stage involves gathering various sources of data required for
the experiments, along with any additional relevant information. These datasets serve as

the foundation for training and testing the decision-making model.

Ay

Optimization Stage: In this stage, Dynamic Programming (DP) is applied to
Markov Decision Process (MDP) modeling to compute optimal solutions. DP is used to

find the best charging strategies given the dynamic pricing of electricity.

Ay

Training and Testing Sets Creation: Historical datasets, along with their
corresponding optimal solutions obtained from the optimization stage, are integrated into
an information system. This system generates training and testing sets necessary for
training and evaluating the decision-making model.

Ay

Machine Learning (ML) Algorithms: Finally, ML algorithms are employed to
learn models from the datasets. These algorithms utilize the training sets to train the
decision-making model, enabling it to make informed charging decisions in real-time

based on dynamic electricity pricing.

Overall, the methodology combines data gathering, optimization techniques, and machine
learning to develop a decision-making model capable of efficiently managing EV charging in

response to fluctuating electricity prices.
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Figure 6: Demand-Side Management using Deep Learning Model
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Conclusion

This study systematically examines the application of machine learning (ML) in addressing
charging infrastructure planning challenges, a critical aspect of facilitating the large-scale
deployment of electric vehicles (EVs). Both qualitative and quantitative analyses of ML
applications in this domain are provided, emphasizing their effectiveness in charging demand
prediction and scheduling. Three case studies are presented, focusing on aspects such as charging
station placement and charging demand prediction. These case studies offer insights into the
practical application of ML algorithms in addressing charging infrastructure planning issues. The
review highlights various ML algorithms utilized in solving different charging infrastructure
planning problems, aiming to provide researchers with an understanding of their suitability for
such tasks. However, the study's scope is limited to charging infrastructures without vehicle grid
integration (VGI).

Future research directions are outlined, including:

Investigating the use of ML for identifying charging hotspots.

'l

f

) Conducting performance comparisons of ML techniques in combination with heuristics

and metaheuristics for charging infrastructure planning.

'l

Exploring the planning of vehicle-to-grid (V2G) enabled charging facilities.

The study aims to attract the attention of researchers in e-mobility, optimization, machine
learning, power, and energy fields, while also providing a roadmap for future research endeavors

in this area.
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Abstract

Automatic Number Plate Recognition (ANPR) is an image processing technology which uses
number (license) plate to identify the vehicle. The objective is to design an efficient automatic
authorized vehicle identification system by using the vehicle number plate. The system is
implemented on the entrance for security control of a highly restricted area like military zones or
area around top government offices e.g. Parliament, Supreme Court etc. The developed system
first detects the vehicle and then captures the vehicle image. Vehicle number plate region is
extracted using the image segmentation in an image. Optical character recognition technique is
used for the character recognition. The resulting data is then used to compare with the records on
a database so as to come up with the specific information like the vehicle’s owner, place
of registration, address, etc., It is observed from the experiment that the developed system
successfully detects and recognize the vehicle number plate on real images.

Index Terms: ANPR, Vehicle, Number plate

1. Introduction
In the era of rapid technological advancements and the increasing demand for enhanced security
measures, the development of intelligent systems plays a crucial role. This project report presents
a comprehensive analysis of our endeavor to create a vehicle number plate detection software,
aimed at automating the identification and extraction of license plate information from images or
video streams. The primary objective of this project was to design and implement an efficient
and accurate system capable of detecting vehicle number plates in various real-world scenarios.
By utilizing state-of-the-art computer vision algorithms and machine learning techniques, we

sought to develop a reliable tool that could assist law enforcement agencies, parking management
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systems, and traffic monitoring infrastructure in improving their overall efficiency. Throughout
this report, we will delve into the key aspects of our software, including the underlying
methodologies, data acquisition and preprocessing techniques, algorithmic approaches, and
performance evaluation. Furthermore, we will discuss the challenges encountered during the
development process and provide insights into future enhancements and potential applications of
this technology. By harnessing the power of computer vision and artificial intelligence, this
project aims to contribute to the advancement of automated surveillance systems, fostering safer
communities, and streamlining traffic management. We believe that the outcomes of this
research will not only bolster the field of intelligent transportation systems but also have far-
reaching implications for law enforcement agencies, parking facilities, toll booths, and other
sectors reliant upon efficient vehicle identification. In the following sections of this report, we
will provide a detailed explanation of the software architecture, the various stages of number
plate detection, the evaluation metrics used to assess system performance, and the results derived
from extensive testing. Ultimately, this project report aims to shed light on the effectiveness and
applicability of our vehicle number plate detection software, serving as a valuable resource for

researchers, developers, and individuals interested in this field of study

2. Literature Survey

The paper presents an adaptive threshold for highlighting characters and suppressing
background. To eliminate. The research is based on the use of the feed forward back propagation
method used to classify the characters. In this the Artificial Neural Network is trained using the
algorithm known as Back propagation algorithm. There are various steps in preprocessing which
are Size normalization, Binarization and Edge detection. Both horizontal as well as vertical
histogram and connected component analysis together handle character segmentation
problems. This paper includes another method which includes Character regions that are selected
by Binarization and connected component analysis. Also it includes a method known as blob
analysis method which removes unnecessary blobs, combines fragmented blobs and also split
clumped blobs. This project achieved 97.2% accuracy in character segmentation and the
recognition accuracy was 90.9%. The paper presents an approach which is based on efficient
morphological operationsand the Sobel Edge Detection method. This approach is simplified

using the bounding box method.
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Later approach matching segmentation template is used to recognize numbers and
characters. The project was implemented using MATLAB. Project explained an overview of the
connected component analysis and different processes such as aspect ratio and pixel count
analysis were discussed. In this paper the author studied and compared the four components
which are cascade classifiers using statistical features, Hough Transform and Contour algorithm,
mean shift approach and morphological operations. Later their results were shown. Handwritten
text segmentation. The work in this paper has been done using the Morphological Watershed
Algorithm. Activities such as noise removal, slant correction, binarization and normalization are
done in the preprocessing stage itself. Later extraction of segmented images was done by
reversible integer to integer wavelet transform. Finally classification was done by a neural

classifier.

3. Methodology

The methodology of this project can be briefly and very roughly divided into three crude forms
which are:

1. To import the image and localize the license place in it,

2. Extract the text, numbers and other characters from the license plate,

3. At last we have to apply Optical character recognition (OCR)

So as to recognise the characters and finally render the result and image in an understandable
format. To discuss the steps and methodologies included in the project, we can say that our
project has 7 basic steps. The first one is pretty simple but necessary, which is importing and
installing the dependencies. We will be using dependencies like EasyOCR, matplotlib, Numpy,
etc. Secondly, we will be reading the image in our program using opencv and grayscale it.
Moving ahead, in the third step, we will be applying and finding edges for the localization of the
license plate on the car. Ahead to the 4th step, we will contour our edged image by applying a
mask. Here, we will get the location of the license plate in the form of an array of coordinates.
We will then mask or snip away the rest of the image and only let our license plate be there in the
picture. moving to 5th step, here we use EasyOCR to read our license number in the form of text.
At this step, we get the location array of coordinates, the license no. in text format and also the

accuracy of how accurately the program has managed to convert the image characters into text.
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Ahead to the final step, we finally visualize and render our result to get an image with license no

in text forged underneath the license plate of the image.

Install and Import Apply filter, find edges for
dependencies, Read in localization, find contours and
image, grayscale and blur apply mask Render Result

. .

Use EasyOCR to read

Apply filter and find
text.

edges for localization

4. Results and Discussions

At the end of the project we will be able to read the license number automatically
generated in text format by the program. We will also be able to receive the accuracy of the

generated text. We will also get a rendered picture in which the license number will be printed

in text format on the picture itself for better visualization.
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Future Scope

1. The ability to detect and display text from images and videos will surely come in real
handy in our daily lives and of course in future we can only expect to see an increment in

the use of this technology.

2. ANPR system makes it very easy for Traffic Law Authorities to get the details about

those vehicles who have breached traffic protocols and act accordingly

3. In the near future we are planning to implement this system by using Raspberry Pi and
Camera module to get real time data so that we can detect number plates on the go.Apart
from detecting number plates and security related applications of this project, we can
also modify this application to detect different languages and add a translator to it so that

it becomes convenient for people traveling abroad in different countries.

Conclusion

At the end of the project we will be able to read the license number automatically
generated in text format by the program.We will also be able to receive the accuracy of the the
generated text.We will also get a rendered picture in which the license number will be printed

in text format on the picture itself for better visualization.
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Abstract

The "Image Processing-Based Fire Detection™ project introduces an innovative approach to fire detection
using image processing methodologies. Leveraging a single webcam and Python software, this project
presents a cost-effective and practical solution for detecting fires across various environments. Key to the
system is the integration of an XML file for fire detection, allowing the application of advanced image
processing algorithms to analyse live video feeds from the webcam. Upon detecting fire, the system
activates an alarm and sends email alerts to designated recipients, facilitating prompt response to fire
emergencies. By harnessing image processing techniques and requiring minimal hardware, this project
showcases its adaptability and efficiency in real-time fire detection. This solution holds significant

promise for bolstering fire safety measures in residential and commercial settings.

Index Terms: Dual-band, S-band, K-band, antenna, transmit array, antenna array, beamforming, satellite,

nano-satellite, shared aperture, prototype, measurement.

l. Introduction

In recent years, the development of advanced fire detection systems has become increasingly important
for ensuring the safety of lives and property. Traditional methods often rely on sensors that detect
changes in temperature or smoke particles, but these approaches may lack accuracy and reliability,
especially in dynamic environments. To address these limitations, this paper presents an image
processing-based fire detection system implemented in Python 3.12 using the OpenCV library. By
analyzing live video streams from a web camera, the system detects fire instances in real-time, triggers
alarms, and sends email notifications to designated users. The integration of Python 3.12, OpenCV, XML
configuration files, and the “playsound” library enables efficient and effective fire detection with visual
feedback for enhanced situational awareness. The primary goal of this project is to develop an intelligent
fire detection system capable of accurately identifying fire occurrences in images or video streams in
real-time. By employing advanced algorithms and machine learning approaches, the system aims to
discern the distinct visual signatures of fire instances amidst varying environmental conditions. The
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significance of this endeavor extends beyond technological innovation; it speaks to a broader
commitment to safeguarding lives and assets. Through the deployment of advanced image processing
methods, the project aims to enhance fire safety protocols across diverse domains, ranging from
residential buildings to industrial facilities. The methodology adopted for this project encompasses a
comprehensive approach, spanning data preprocessing, feature extraction, and pattern recognition. By
leveraging techniques such as color space analysis and edge detection, the system aims to identify and
localize regions indicative of fire occurrences with high precision. The implementation phase of the
project involves the seamless integration of software and hardware components. Python 3.12 serves as
the primary programming language, facilitating interaction with the OpenCV library for image processing
tasks. Additionally, the inclusion of the “playsound” library enables the activation of auditory alarms
upon fire detection. The culmination of this project is expected to yield a robust and reliable fire detection
system that surpasses the limitations of existing methodologies. Through rigorous testing and validation,
the system aims to demonstrate its efficacy in detecting fire instances while minimizing false alarms,
thereby contributing to enhanced safety and risk mitigation strategies. By leveraging advanced image
processing algorithms and machine learning techniques, the system endeavors to achieve superior
accuracy in detecting fire occurrences. Through rigorous validation against diverse datasets, the system
aims to minimize false positives and false negatives, ensuring reliable performance in realworld
scenarios. One of the primary goals of the project is to enable real-time detection of fire instances in
images or video streams. By optimizing computational efficiency and leveraging parallel processing
capabilities, the system aims to achieve rapid detection and response, thereby minimizing the potential
impact of fire incidents on lives and property. The developed system aims to demonstrate adaptability
and robustness in diverse environmental conditions and scenarios. Through comprehensive testing under
varying lighting conditions, camera perspectives, and environmental factors, the system aims to showcase
its resilience and effectiveness in detecting fire instances across different contexts. Finally, the project
aims to document its development process, validation methodologies, and performance metrics
comprehensively. Through detailed documentation and validation reports, the project seeks to provide
transparency and accountability, enabling stakeholders to assess the reliability and effectiveness of the

developed system-accurately.

I1. Image Processing

Prior research in the field of fire detection has explored various approaches, including sensor based
systems, machine learning algorithms, and image processing techniques. While sensor based systems
offer simplicity and reliability, they may be limited by environmental factors and false alarms. Machine
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learning algorithms have shown promise in improving detection accuracy but may require extensive
training datasets and computational resources. Image processing techniques, particularly those
implemented using libraries such as OpenCV, offer a versatile and efficient approach to fire detection by
analyzing visual data in real-time. Image processing techniques, particularly those implemented using
libraries like OpenCV, have gained traction for fire detection applications. These techniques analyze
visual data in realtime, detecting fire instances based on color, texture, and spatial characteristics. By
leveraging the rich information present in images or video streams, image processing-based approaches

offer versatility and efficiency in fire detection tasks.
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Figure 1: Stages of Image Processing

Fire Suspected Objects In Non-Fire Images

Fire suspected Objects Number of images
Candle far away from camera (real scene) 10
Candle near camera (real scene) 10
Orange/yellow/ red/ green shirt (real scene) 30

Orange/yellow/ red/ green shirt (from internet) 16

Yellow bag (from internet) 8
Orange pant (real scene) 10
Orange wall or yellow wall (from internet) 10
Fire extinguisher (from internet) 3
Wood table (from internet) 3
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I11. Methodology

The proposed fire detection system comprises several vital components, including:

' A web camera for live video stream capture
Python 3.12 for system programming

' OpenCV library for image processing tasks

' XML configuration files for system settings

) The “playsound library for alarm activation

The system functions by continuously analyzing frames from live video streams using image processing
techniques implemented in Python 3.12 with the OpenCV library. Upon detecting a fire instance, the system
triggers an alarm, visually highlighting the fire using green-colored bounding boxes, and sends email
notifications to designated users. The methodology employed in implementing the image processing-based
fire detection system follows a systematic approach involving several key components and steps.

1. Data Acquisition and Preprocessing

’ Web Camera Integration: The system interfaces with a web camera to capture live video streams,
providing real-time visual data for analysis.
Image Preprocessing: Techniques such as resizing, denoising, and color space conversion are

applied to enhance image clarity and reduce noise, optimizing input for subsequent analysis.

2. Fire Detection Algorithm: Implementation Using OpenCV

= Core Algorithm Development: The fire detection algorithm, developed using the OpenCV library in

Python 3.12, employs color filtering, edge detection, and contour analysis techniques to identify fire-
indicative regions.

#) python

Feature Extraction and Classification: Extracting relevant features from preprocessed images, the

algorithm classifies them as fire or non-fire regions based on predefined criteria and thresholds.
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3. Alarm Activation

Integration of “playsound” Library: Upon successful fire detection, the system triggers an auditory alarm
using the “playsound” library, alerting individuals in the vicinity to potential fire hazards for immediate

evacuation and response.
4. Email Notification

Configuration for Email Sending: In addition to the auditory alarm, the system sends email notifications to

designated users upon fire detection, facilitating remote monitoring and coordinated response measures.

5. Visual Highlighting of Detected Fires

Green-Colored Bounding Boxes: The system visually highlights detected fire instances by means of green-
colored bounding boxes overlaid on live video feeds, enhancing situational awareness and aiding rapid

decision-making.

6. System Integration and Deployment

="

= Integration of Components: All system components, together with the web camera interface, fire
detection algorithm, alarm activation, email notification, and visual feedback mechanisms, are

integrated into a cohesive system.

Testing and Validation: The integrated system undergoes rigorous testing against various fire

'd

scenarios and environmental conditions to ensure reliability and forcefulness in real-world

applications.
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Deployment and User Training: Upon successful validation, the system is deployed in relevant
environments, and users are trained on its operation and functionalities for effective utilization and

maintenance.

7. Future working model
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V. Conclusion

The development of our fire detection system marks a substantial advancement in building safety measures.
Leveraging HSV and YCbCr color models with predefined conditions, our system adeptly separates crucial
fire-related hues such as orange, yellow, and high brightness from the background. By scrutinizing frame
differences, we monitor fire growth, enabling prompt detection through light analysis. Our system exhibits
exceptional performance during fire incidents, ensuring swift detection and response, thus significantly
reducing potential loss of life and property. Through rigorous experimentation, our system has consistently
achieved an accuracy exceeding 90%, underscoring its efficacy and practicality. Moving forward, our focus
will extend to analyzing objects and shapes, particularly those with orange hues like shirts or bags, that may
approach the camera. The potential for false alarms due to changes in size and intensity caused by proximity

to the camera necessitates further refinement in our algorithms.
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Abstract

In an era marked by rapid technological advancements, safeguarding our homes has emerged
as a top priority. Traditional mechanical locks are increasingly inadequate in addressing the
ever-evolving security landscape. This thesis delves into the meticulous design, thorough
implementation, and comprehensive evaluation of an innovative 10T-based Smart Door Lock
System. Central to its architecture is the utilization of the ESP32 Camera (ESP32-CAM)
module, seamlessly integrated with the widely adopted messaging platform Telegram. By
harmonizing cutting-edge hardware components with seamless wireless communication
protocols and intelligent software algorithms, this pioneering system endeavors to redefine
home security paradigms. Through real-time monitoring, remote access management, and
robust authentication mechanisms, it aims to fortify home defenses while offering
unparalleled convenience and peace of mind to users. By embracing the synergy of
technology and security, this Smart Door Lock System sets a new standard for residential
protection in an increasingly interconnected world.

Index Terms: smart lock system, ESP32 camera, telegram, PIC 16F628A, Remote sensing

management
1. Introduction

At its core, the ESP32-CAM serves as the central intelligence of the system, seamlessly
bridging the physical door lock with the digital world. Equipped with a camera module, it not
only facilitates remote access but also provides visual surveillance capabilities, allowing
users to monitor access attempts in real-time. This integration of hardware and software

empowers users with unprecedented insights into their premises’ security status.

The use of Telegram as the communication medium adds a layer of sophistication to the
system. Through the Telegram interface, users can authenticate themselves securely, ensuring

that only authorized individuals can control door access remotely. This authentication

Convergence Summit'24.: Exploring Electronics and Communication, Artificial Intelligence, and Data Science (CS'24: ECADS)

Frontiers, Organized by Department of ECE and Al & DS, Grace College of Engineering, 30th April 2024 69



Special Issue: CS'24: ECADS: International Journal of Current Science Research (IJCSR) e-ISSN: 2454-5422

mechanism enhances security and eliminates the need for physical keys or access codes,
mitigating the risk of unauthorized entry.

Moreover, the Telegram integration enables real-time notifications, keeping users informed
of door access events regardless of their physical location. Whether at work, traveling, or
simply at home, users can stay connected to their premises and respond promptly to any

security-related incidents

The In summary, the Smart Lock System using Telegram and ESP32 Camera project
represents a paradigm shift in home security solutions. By combining advanced hardware
components with a user-friendly messaging platform, it not only enhances convenience but
also elevates the standard of security for modern homes and businesses alike. The project

having the below abilities:

More security and vulnerable to unauthorized access.
Availability of data is increased.

Less power is required.

Provides faster communication.

Less harmful to humans

YV V V V V V

Home security

2. Methodology
2.1 Smart Lock System

A smart lock system utilizing 10T (Internet of Things) technology revolutionizes traditional
door access mechanisms by integrating connected devices and advanced algorithms to
provide enhanced security, convenience, and control. At its core, loT-enabled smart locks
consist of physical locking mechanisms equipped with sensors and wireless connectivity,
allowing them to communicate with other devices and online platforms. Through the
utilization of 10T, these smart locks can be remotely controlled and monitored via
smartphones, tablets, or computers, enabling users to manage access to their premises from
anywhere with an internet connection. Authentication methods vary, ranging from traditional
PIN codes or keys to more advanced biometric recognition such as fingerprint or facial
recognition. Furthermore, loT-enabled smart locks often feature additional functionalities
such as real-time notifications, access logs, and integration with smart home ecosystems,
enabling users to seamlessly integrate door access management into their overall home

automation setup. The data collected by these smart locks can be analyzed to identify
________________________________________________________________________________________________________________|
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patterns, optimize security protocols, and provide insights into user behavior. Overall, the
smart lock system using 10T represents a convergence of physical security and digital
connectivity, offering unparalleled convenience, flexibility, and peace of mind to

homeowners and businesses alike.

2.2 Circuit Diagram

In this ESP32 CAM project, | have explained how to make WiFi door lock with photo
capture using ESP32-CAM and Telegram app. With this 10T project you can take multiple
photo, unlock and lock the door from anywhere in the world with the Telegram app. When
anyone presses the doorbell, you will get a notification in the telegram app with a photo of
that person. After that, you can easily unlock and lock the door from the telegram app. This
circuit is very simple. the input voltage is 12V DC. | have used 7805 5V regulator to feed 5V
to ESP32 camera module. | have used a TIP122 NPN transistor to control the 12V electronic
lock from the GPIO12 pin and the push button is connected with the GPIO13 of ESP32-
CAM. As | have used the INPUT_PULLUP function in code, so | have not used any pulled

up resistor.

12v OC

GND

7805 SV
Regulator

Figure 1: Circuit Diagram

2.3 Related work

The existing systems we considered for this study, include:

(1 Password Based Security Lock System
[1 Face Recognition Door Lock System Using Raspberry Pi
(1 Smart Door with Face Unlock The description for each one of these is given

below.
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A. Password Based Security Lock System

The Password Based Door Lock System with the 8051 Microcontroller is a simple project
that uses a secure password to unlock the door. Traditional lock systems that use a
mechanical lock-and-key mechanism are being phased out in favour of more modern locking
mechanisms. These approaches are highly clever and combine mechanical and electronic
devices. The simplicity and high efficiency of these unique lock systems are two of its most
obvious advantages.

An electronic control assembly controls the output load via a password in such an automatic
lock system. A motor, a lamp, or any other mechanical or electrical load can be used as the
output load. This system uses an 8051 microcontroller to illustrate a password-based door
lock system, in which the door is unlocked and the concerned individual is granted entrance
to the secured area once the correct code or password is entered. If another individual
arrives, it will once again prompt you to input the password. If the password is incorrect, the
door will remain closed, denying the person’s access. An electronic control assembly
controls the output load via a password in such an automatic lock system. A motor, a lamp,
or any other mechanical or electrical load can be used as the output load.

B. Face Recognition Door Lock System Using Raspberry Pi

Face recognition technology has advanced significantly over the last decade, and it is
currently mostly utilised for surveillance and security. There are three stages to this project.
The face samples that are authorised to open the lock were obtained in the first phase. The
Recognizer was trained on these face samples in the second phase, and trainer data was
utilised to recognise the faces in the third phase. If the Raspberry Pi detects a face, it will
unlock the door. A solenoid lock and a Raspberry Pi camera are used to create this face
recognition-based door lock system.

C. Smart Door with Face Unlock

In this project, a standard shelf is modified to have a security system that unlocks using Face
Verification. A Windows Forms Application was built in C# that can store, verify and
unlock trusted faces. It uses a proprietary API for face verification and an 10T Cloud API for
communicating with Wi-Fi Module and Arduino. The Wi-Fi Module is connected to an

Arduino Uno, which will operate a servo motor that will lock and unlock the door.
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3. Proposed System

3.1 Software Implementation

Download the telegram app.

Create a new bot in telegram.

Get user ID in telegram app

Program ESP32CAM with Arduino IDE app.

H w0 Do

Here, we will discuss how to program ESP32-CAM using Arduino UNO. | will not
use any FTDI or other USB to TTL converter to program the esp32 camera module. Here |
have used only ESP32CAM Arduino UNO.

Programeing ESP32-CAM using Arduino UNO

Figure 2: Programming ESP32CAM using Arduino UNO

3.2 Hard Requirement

ESP32 CAM

12V Electronic Lock
TIP122 NPN transistor
7805 5V regulator

IN4007 Diode

1K,10K Resistor

100 UF 25V DC Capacitor
Push Switch

12V 2 AMPS Adaptor

10. Arduino UNO
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4. Result and Conclusion

Figure 3: Locking

Now, press the pushbutton, the ESP32CAM will capture the photo and send it to
telegram app.

Figure 4: Unlocking

5. Future Work

In future iterations of the smart lock system utilizing Telegram and ESP32 camera,
integration with advanced artificial intelligence algorithms could enhance security and
functionality. Implementing Al-powered features such as facial recognition for user
authentication and anomaly detection for identifying suspicious activities could further
bolster the system's capabilities. Additionally, exploring interoperability with emerging
technologies like blockchain for tamper-proof access logs and decentralized authentication
could provide added layers of security and transparency. Moreover, improvements in power
efficiency and optimization of communication protocols could enhance the system's
reliability and scalability, making it even more practical and accessible for widespread
adoption in both residential and commercial settings.
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