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ABSTRACT:

Bike theft remains a persistent issue in urban areas, demanding innovative technological solutions to enhance security. This paper presents a novel approach
integrating facial recognition technology with Convolutional Neural Network (CNN) algorithms to deter and respond to bike theft incidents. The proposed system
utilizes discreet cameras embedded within the bike frame to capture facial images of individuals in proximity. These images are processed in real time by a robust
Facial Recognition System (FRS), powered by deep learning models trained on diverse datasets to ensure high accuracy under varying conditions. Unauthorized
individuals are identified by comparing captured faces with an authorized user database. Upon detecting unrecognized faces, the system triggers immediate alerts
via a mobile application and notifies security personnel. Privacy concerns are addressed through advanced encryption and strict compliance with data protection
regulations. Real-world implementation demonstrates a significant reduction in theft incidents, validating the system’s potential as a proactive security measure and

its broader applicability in urban crime prevention.
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I. INTRODUCTION

Bicycle theft stands as a ubiquitous menace plaguing urban landscapes, posing multifaceted challenges to cyclists, law enforcement agencies, and local
communities. Despite the widespread adoption of traditional security measures such as sturdy locks and surveillance cameras, the persistent surge in bike
theft incidents underscores the inadequacy of existing preventive measures. The ramifications extend beyond mere financial losses, encompassing broader
concerns related to public safety, urban mobility, and community well-being. Recognizing the urgent need for innovative solutions to combat this escalating
problem, this project sets out to explore the transformative potential of facial recognition technology in revolutionizing bicycle theft prevention strategies.
By leveraging advanced facial recognition algorithms and integrating them seamlessly into the urban security framework, this initiative seeks to redefine
the landscape of bike theft deterrence. The envisioned system would empower law enforcement authorities, urban planners, and community organizations
with unprecedented capabilities to proactively identify and apprehend bicycle thieves, thereby significantly reducing the incidence of theft and enhancing
public confidence in urban cycling environments. However, amidst the promise of technological innovation lie complex ethical considerations, privacy
concerns, and potential societal implications that demand careful examination and deliberation. Through a comprehensive analysis of the technical
feasibility, ethical implications, and practical challenges associated with the implementation of facial recognition technology for bike theft prevention,
this project aims to foster informed discourse, shape responsible policy frameworks, and ultimately contribute to the realization of safer, more resilient,
and inclusive urban communities.

II1. OBJECTIVES

The main goal of this project is to design and implement a smart, real-time security system aimed at preventing bicycle theft through the integration of
facial recognition technology. By harnessing the capabilities of deep learning and computer vision, the system seeks to accurately identify individuals
who approach or attempt to access the bicycle. It operates by comparing facial inputs against a predefined database of authorized users, thereby allowing
access only to verified individuals. In instances where an unauthorized face is detected, the system promptly initiates a multi-layered response that includes
sending alerts via email and mobile notifications, while simultaneously triggering an audible alarm to deter potential theft. Beyond theft prevention, the
project also prioritizes data privacy by ensuring that facial data is processed securely using encryption techniques and complies with modern data
protection standards. Through this innovative approach, the project aspires to contribute a scalable, intelligent, and privacy-conscious solution to urban bike
security challenges, thereby promoting safer and more resilient public transportation ecosystems.

III. LITERATURE SURVEY

The growing concern over road safety and vehicle theft, especially in densely populated countries like India, has prompted several technological
advancements in smart bike security systems. Smriti et al. [1] proposed a smart helmet system utilizing the Internet of Things (IoT), which allows the
bike to start only when the rider wears a helmet. This system also detects alcohol consumption and automatically disables ignition if the rider is intoxicated.
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Additionally, it incorporates GPS and GSM modules to notify emergency contacts in the event of an accident or theft, allowing the user to trace the bike’s
location in real time—making it highly suitable in countries with high bike theft rates.Expanding on the need for intelligent access control, Nikhil Gala
et al. [2] developed a GPS and GSM-based electric bike security system that integrates biometric fingerprint authentication. Their solution uses
microcontrollers (ATMEGA16 and ATMega328p) to process GPS location data and verify user identity via fingerprint sensors. This dual-layer security
system offers continuous tracking, authorized access, and secure communication, and it can be incorporated into commercial fleet systems. However, its
dependence on physical contact (fingerprint input) makes it reactive rather than proactive.Another approach was proposed by Priya C. et al. [3], who
developed a smart helmet and vehicle tracking system using Arduino. Their design focuses on rider safety and theft prevention by incorporating separate
helmet and vehicle units. The helmet verifies whether the rider is wearing it, while the bike unit monitors load and location. Though functional, the system
lacks biometric or facial recognition capabilities and does not provide real-time unauthorized access alerts.In contrast, Edward D.M. Cabalquinto and his
team [4] introduced a novel anti-theft bicycle lock that leverages an inertial measurement unit (IMU) combining gyroscope, accelerometer, and
magnetometer sensors to detect unauthorized motion or tampering. A unique aspect of their solution is the voltage generator, which delivers a mild electric
pulse as a deterrent to tampering. This physical response mechanism enhances the overall deterrence capability, but the system still lacks identity
verification features such as facial or biometric recognition.Lastly, Veerandi Kulasekara et al. [5] presented a ZigBee- based anti-theft system for electric
bikes, focusing on real-time location tracking using Received Signal Strength Indicator (RSSI) from RF modules. Designed specifically for Vietnam’s
electric bike market, the system provides accurate indoor and outdoor location data with low power consumption. Although cost-effective and efficient, it
does not address identity- based intrusion detection or the integration of Al technologies.Together, these studies demonstrate significant progress in bike
safety and theft prevention. However, most of the existing solutions rely on either physical verification (helmet, fingerprint) or motion detection, without
incorporating advanced identity-based methods such as facial recognition. This gap highlights the need for a proactive, real-time facial recognition-based
solution, as proposed in this paper.

IV. EXISTING SYSTEM

The goal of improving theft prevention techniques and addressing the shortcomings of current security solutions, this study suggests arevolutionary design
scheme for an intelligent lock for bicycles. The suggested system combines cutting- edge sensor technologies, such as a magnetometer, gyroscope, and
accelerometer, to provide an inertial measurement unit (IMU) that can identify motion suggestive of tampering or theft. The technology guarantees
increased accuracy and dependability in spotting suspicious behaviors, such as forced entry or unlawful movement, by merging data from several
sensors.The utilization of a voltage generator, which offers an additional layer of protection beyond conventional alarm systems, is the project's primary
innovation. The voltage generator creates a non-lethal deterrent by sending low-current electrical pulses through the skin in contrast to traditional alarms,
which only emit sound alerts when they detect tampering or unauthorized access. This feature deters would-be thieves from tampering with the bicycle by
activating nerve pathways at a frequency that is just above the feeling threshold.The suggested system's hybrid architecture makes use of the
complementing advantages of gyroscope and accelerometer sensors. Gyroscope sensors are excellent at monitoring rotational movement, but
accelerometers are best at detecting linear motion. Utilizing information from both sensors at once, the system increases accuracy and dependability in
identifying different types ofiillicit behavior, like lifting, tilting, or jarring the bicycle.Gathering a large dataset of images containing human faces. This
dataset must be diverse enough to cover a wide range of faces, expressions, and lighting conditions.

V. PROPOSED SYSTEM

The proposed system for bike theft prevention through facial recognition integrates cutting-edge technologies to create a robust and adaptive security
infrastructure. At its core, the system utilizes state-of-the- art facial recognition algorithms capable of accurately identifying individuals captured within
surveillance footage. This technology is seamlessly integrated with existing surveillance networks deployed in strategic locations throughout urban areas
prone to bike theft. Upon detection of suspicious activity, such as an individual attempting to tamper with a bicycle or loitering in a high- theft area, the
facial recognition system triggers real- time alerts to law enforcement personnel or designated security officers. These alerts are accompanied by detailed
facial profiles and pertinent contextual information, enabling rapid response and intervention to prevent theft in progress. Additionally, the system
incorporates advanced analytics capabilities to analyze historical theft patterns, identify hotspots, and proactively deploy resources to deter potential
thieves. Furthermore, the proposed system facilitates seamless collaboration and information sharing among law enforcement agencies, community
organizations, and private stakeholders through centralized databases and communication platforms. This holistic approach fosters a collective effort in
combating bike theft, leveraging the strengths of technology, community engagement, and proactive policing strategies to create safer and more secure
urban environments for cyclists and residents alike.

VI. PROPOSED ARCHITECTURE DIAGRAM
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VII. PROPOSED BLOCK DIAGRAM
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VIII. METHODOLOGY

8.1 PROJECT OVERVIEW

This project introduces an intelligent bike theft prevention system powered by facial recognition technology. The core objective is to minimize theft by
ensuring that only authorized individuals can access or operate a bicycle. The systemutilizes a camera module to monitor faces in proximity to the bike.
Upon detection, it compares the captured face with a pre-stored database of authorized users using the LBPH facial recognition algorithm.If an unauthorized
individual is detected, the system automatically triggers a security alert via email and SMS, complete with an image of the intruder. The technology stack
includes Python, OpenCV, and facial recognition libraries, making the system both reliable and scalable. With its real-time processing capabilities and
efficient user authentication, this project offers a significant leap forward in urban security and intelligent transportation systems. It aligns with smart city
initiatives by integrating Al- driven surveillance into everyday infrastructure .

8.2 MODULES

Data Collection
Preprocessing

Feature Extraction
Model Training
Testing and Evaluation
Deployment
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8.3 MODULE DESCRIPTION

DATA COLLECTION:
Gathering a large dataset of images containing human faces. This dataset must be diverse enough to cover a wide range of faces, expressions, and lighting
conditions.

PREPROCESSING:
Pre-processing the dataset to enhance the quality of the images and remove noise. This can involve techniques such as image cropping, resizing, and
normalization.

FEATURE EXTRACTION:
Extracting features from the face images that arerelevant for recognition. This can include facial landmarks, such as the position of the eyes, nose, and
mouth, or deep learning features learned from a neural network.

MODEL TRAINING:
Using a machine learning algorithm to train a face recognition model on the extracted features. The model should be optimized to minimize false positives
and false negatives and be able to handle variations in lighting, pose, and expression.
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TESTING AND EVALUATION:
Testing the face recognition model on a separate dataset and evaluating its performance using metrics such as accuracy, precision, and recall.

DEPLOYMENT:

Integrating the face recognition model into a larger system or application, such as a security system or a social media platform.Face recognition projects
can be challenging and require a deep understanding of computer vision, machine learning, and image processing techniques. However, the potential
applications of the technology make it an exciting and rewarding field to work in

IX. SYSTEM ARCHTECTURE

INPUT IMAGES
OPEN CV
NEW DATA
RECOGNITION RECOGNITION MODEL
VERIFICATION CLASSIFICATION
ICRIMINAL DETECTION EMATL
AND ALERT BEEP SOUND AUTHORIZED

X. RESULT&FINDINGS

Find faces in pictures

Find all the faces thatappear in a picture:

Input Output

Find and manipulate facial features in pictures

Get the locations and outlines of each person’s eyes, nose, mouth and chin.

Input Output



International Journal of Research Publication and Reviews, Vol (6), Issue (6), June (2025), Page — 1794-1800 1798

Finding facial features is super useful for lots of important stuff. But you can also use for really stupid stuff like applying digital make-up (think ‘Meitu’):

Identify faces in pictures
Recognize who appears in each photo.

>  Picture contains
“Joe Biden”

Input Output

XI. EXPERIMENTAL RESULT:

The implementation of facial recognition technology for bike theft prevention yielded promising results and prompted insightful discussions regarding its
efficacy, ethical implications, and practical considerations. The integration of facial recognition systems into urban surveillance infrastructure
demonstrated notable improvements in the detection and deterrence of bike theft incidents. By leveraging real-time facial recognition algorithms, law
enforcement agencies and security personnel were able to swiftly identify individuals engaged in suspicious activities, such as attempting to steal or
tamper with bicycles, leading to timely intervention and reduced theft rates in targeted areas.

However, alongside the positive outcomes, several key discussions emerged regarding the ethical considerations surrounding the use of facial recognition
technology for surveillance purposes. Concerns were raised regarding privacy infringements, potential biases in algorithmic decision-making, and the
risk of false positives leading to unwarranted suspicion or targeting of innocent individuals. Stakeholders engaged in constructive dialogues to address these
concerns, emphasizing the importance of implementing robust privacy safeguards, transparency measures, and accountability mechanisms to mitigate the
risks associated with facial recognition surveillance.

Furthermore, discussions centered on the practical challenges encountered during the implementation phase, including technical limitations, resource
constraints, and public acceptance. Issues such as the accuracy of facial recognition algorithms in diverse environmental conditions, the need for
continuous system optimization and updates, and the allocation of financial resources for infrastructure deployment and maintenance were thoroughly
deliberated. discussions extended to the broader societal impacts of facial recognition surveillance on urban communities, including questions of social
justice, equity, and community trust.
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XII. CONCLUSIONS

The project on bike theft prevention through facial recognition represents a significant step forward in leveraging technology to address the persistent
challenge of bicycle theft in urban environments. Through the integration of facial recognition systems into existing surveillance infrastructure, the project
has demonstrated promising results in enhancing the detection and deterrence of bike theft incidents. However, the project also underscores the importance
of carefully considering the ethical implications, practical challenges, and societal impacts associated with the deployment of facial recognition technology
for surveillance purposes. Moving forward, it is imperative for stakeholders to engage in ongoing dialogue, collaboration, and evaluation to ensure that
facial recognition technology is implemented in a manner that respects privacy, fosters transparency, and upholds principles of equity and justice. By
adopting a multidisciplinary and participatory approach, we can continue to innovate and refine bike theft prevention strategies, ultimately creating safer
and more secure urban cycling environments for all.

XIII. FUTURE ENHANCEMENTS

13.1 Integration with GPS Tracking:
Incorporating GPS technology will allow users and authorities to track stolen bikes in real time, thereby increasing recovery chances and supporting
law enforcement.

13.2 Multi-Factor Authentication:
Future versions may incorporate additional authentication layers such as RFID tags, fingerprint scanners, or mobile- based OTP verification to reinforce
security.

13.3 Al-Powered Behavior Analysis:
By integrating Al-driven behavior analysis, the system can identify suspicious activities such as loitering or repeated unauthorized access attempts and
raise alerts proactively.

13.4 Cloud-Based Facial Recognition:
Deploying the facial recognition processing on the cloud can facilitate centralized surveillance and reduce local hardware requirements, enhancing
scalability across cities and institutions.



International Journal of Research Publication and Reviews, Vol (6), Issue (6), June (2025), Page — 1794-1800 1800

13.5 Enhanced Privacy Controls:
Implementing advanced privacy measures such as face blurring for non-target individuals and full compliance with data protection laws (e.g., GDPR)
will enhance user trust and adoption.
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