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Introduction:

Parking violations, especially in no-parking zones, contribute to urban traffic
congestion and inefficiencies in law enforcement. Traditional enforcement methods,
like manually clamping vehicles, are time-consuming and inconvenient. To address
these challenges, this project proposes a Smart Lock System for Parking Violations
using loT technology to automate the unlocking process after fine payment, enhancing

efficiency and convenience for both law enforcement and vehicle owners.

The Smart Lock System integrates loT and digital payments to streamline parking
violation enforcement. After a vehicle is locked manually, a QR code on the lock directs
the violator to an online payment portal. Upon payment confirmation, the system
automatically unlocks the vehicle, reducing police intervention. The lock includes
GPS tracking and tamper detection sensors, ensuring real-time monitoring and

security. This system enhances law enforcement efficiency, improves fine
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collection, and contributes to smart city development through data-driven urban

planning.

Objectives:

1. Automate the Unlocking Process — Enable automatic vehicle unlocking after fine

payment to reduce manual intervention by law enforcement.

2. Enhance Law Enforcement Efficiency — Free up police resources by minimizing

the time spent on unlocking vehicles.

3. Improve Violation Management — Streamline the process of handling parking

violations through loT-based automation.

4. Enable Secure Digital Payments — Provide a seamless online payment system

via QR code scanning, ensuring quick and hassle-free fine collection.

5. Enhance Security and Monitoring — Integrate GPS tracking and tamper
detection sensors to prevent unauthorized removal and ensure real-time

monitoring.

6. Reduce Traffic Congestion — Minimize delays caused by illegally parked

vehicles and enhance urban mobility.

7. Improve User Convenience — Allow vehicle owners to pay fines and unlock their

vehicles instantly, avoiding long waiting times.

8. Support Smart City Initiatives — Leverage data analytics from violations and

payment trends to optimize parking policies and urban planning.

9. Increase Compliance with Parking Regulations — Encourage responsible
parking behaviour by making the fine payment and unlocking process more

transparent and efficient.

10.Prevent Legal Disputes — Provide a digital record of fines and payments,

reducing conflicts between violators and law enforcement.
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Methodology:
Vehicle Locking Process
« Traffic enforcement officers manually attach a smart lock to the violating vehicle.

« A unique QR code is generated and attached to the lock, linking to an online

payment portal.
Fine Payment Process

e The violator scans the QR code using a smartphone, which redirects them to

the payment gateway.
o The portal displays violation details, fine amount, and payment options.

e The violator makes the payment through a secure online transaction (UPI,

debit/credit card, digital wallets).
Unlocking Mechanism
o Upon successful payment, the system verifies the transaction.

e The loT module in the smart lock triggers a beep sound, indicating that the lock

is ready to be opened.
o The violator must manually pull the arm of the lock to unlock their vehicle.
Device Return Process

« Once unlocked, the violator is instructed to return the smart lock to the nearest

police booth within 24 hours.

o The system records the return status of the lock, and reminders are sent via

SMS or app notifications.

« If the device is not returned within 24 hours, a penalty fee is imposed, and the

violator’'s details are flagged in the system.
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o GPS tracking in the smart lock ensures real-time monitoring, preventing theft or

loss.
Real-Time Monitoring and Security

« The lock is equipped with tamper detection sensors, alerting authorities in case

of any unauthorized removal attempts.
o GPS tracking helps officers monitor locked vehicles and track unreturned locks.

o A centralized system maintains records of violations, payments, and device

return statuses.
Data Collection and Enforcement Optimization

e The system logs all violations, payments, and returns, helping authorities

analyse trends.

« Data insights enable city planners to improve parking regulations and optimize

enforcement strategies.
Result and Conclusion:

The Smart Lock for Parking Violation system effectively addresses the challenges of
manual parking enforcement by automating the fine payment and unlocking process.
By integrating loT components such as the ESP32 microcontroller, solenoid lock, GPS
module, and vibration sensor, the system ensures a streamlined and efficient
experience for both users and law enforcement. The real-time data handling with
Firebase and the secure payment gateway enhance user convenience while reducing
the workload of traffic authorities. This innovative approach not only improves
compliance with parking regulations but also provides a scalable solution for urban

traffic management, making it a practical and impactful tool for modern cities
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Figure 2 : Input Interface

Project Outcome & Industry Relevance:

Project Outcome

Efficient Parking Violation Management — Automates fine collection and

enforcement, reducing manual intervention by traffic police.

Seamless Digital Payment System — Enables violators to pay fines instantly via

a secure QR-based online portal.

User-Friendly Unlocking Mechanism — The system triggers a beep sound,

allowing the user to manually unlock their vehicle after fine payment.

Reduced Traffic Congestion — Discourages illegal parking and ensures

smoother traffic flow in urban areas.

Real-Time Monitoring & Security — Uses GPS tracking and tamper detection to
prevent theft or unauthorized removal of the smart lock.

Data-Driven Insights — Stores violation records and trends, helping

policymakers improve urban parking strategies.

Sustainability & Cost Efficiency — Solar-powered locks reduce energy

consumption and maintenance costs.
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8. Scalable & Adaptable System — Can be integrated with other law enforcement

applications, such as restricted zone management.

9. Enhanced Public Compliance — Encourages responsible parking behavior

through automated fines and penalties.

10.Law Enforcement Efficiency — Reduces the workload of traffic officers, allowing

them to focus on more critical tasks.
Industry Relevance

1. Smart City Solutions — Aligns with modern urban planning initiatives for

sustainable city management.

2. loT & Digital Transformation — Demonstrates how loT-based automation can

streamline law enforcement operations.

3. Traffic & Parking Management Industry — Offers a technology-driven alternative

to traditional parking enforcement methods.

4. Law Enforcement & Governance — Provides a secure, transparent, and

automated system for handling traffic violations.

5. FinTech & Digital Payments — Integrates secure online transactions, reducing

the need for cash-based fine collection.

6. Urban Mobility & Transportation — Enhances public transportation efficiency by

minimizing illegal parking bottlenecks.

7. Al & Data Analytics Industry — Uses data-driven insights for predictive policing

and optimized parking regulations.

8. Blockchain & Cybersecurity — Future scope includes blockchain integration for

secure and immutable fine transactions.

9. Public Safety & Compliance — Ensures greater road safety by enforcing stricter

parking policies through automation.
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10.Sustainable Infrastructure — Supports green energy initiatives with solar-

powered locks, aligning with environmental goals.
Working Model vs. Simulation/Study:

This project involved the development of a physical working model. The smart lock
system was successfully built and tested with all core functionalities operational,

including:

e Physical Smart Lock Mechanism — The lock is installed on vehicles violating

parking rules.

« Static QR Code Linked to Device ID — Each device has a unique, pre-assigned

QR code for fine payment.

« Payment Integration & Unlocking Process — Users can scan the QR code, pay
the fine, and manually unlock their vehicle after the system signals with a beep

sound.

o Real-Time Monitoring & Security Features — The system includes GPS tracking,

tamper detection, and automated alerts.

Figure 4 : Smart Lock

Project Outcomes and Learnings:
Project Outcomes

1. Fully Functional Smart Lock System — Developed a working model where the
smart lock, payment system, and unlocking process are operational, enhancing

parking violation management.
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2. Efficient Fine Collection — Successfully implemented a QR-based fine payment
system, allowing violators to make instant payments and unlock their vehicles

without requiring police intervention.

3. Improved Law Enforcement Efficiency — Reduced the need for physical
interaction by officers, enabling them to focus on more critical tasks while

automating parking violation enforcement.

4. Real-Time Monitoring and Security — Integrated GPS tracking and tamper
detection sensors to prevent theft and unauthorized removal, providing better

monitoring and management of parked vehicles.

5. Prototype Development — Created a physical working model with static QR
codes, demonstrating the core concept and its potential for real-world

application.

6. User-Friendly Experience — Developed an intuitive mobile interface for fine
payment and vehicle unlocking, enhancing user engagement and reducing

operational friction.

7. Sustainability — Incorporated solar-powered locks in the system design,

reducing energy consumption and supporting green energy initiatives.

8. Scalable Design — Built a system architecture that is scalable and can be
expanded for future enhancements, including dynamic QR codes and

integration with other smart city systems.
Learnings

1. loT Integration — Gained hands-on experience in integrating loT technology with
physical hardware, including smart locks, GPS modules, and tamper detection

Sensors.

2. Payment Gateway Implementation — Learned how to integrate secure online

payment systems into physical devices, ensuring seamless transactions.

3. Prototyping and Hardware Challenges — Faced challenges in designing a

functional and durable smart lock system that is suitable for urban
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environments. Overcame these challenges by testing different hardware

components and ensuring the system’s reliability.

4. Real-Time Data Processing — Gained knowledge on how to handle and process

real-time data from GPS and sensors for continuous monitoring and alerts.

5. System Scalability — Understood the importance of designing systems that are
scalable, with the ability to expand to other urban enforcement areas and

integrate with existing infrastructure.

6. User-Centric Design — Learned to design systems with user experience in mind,
ensuring the system is easy to use for both violators and law enforcement

officers.

7. Security Measures — Explored security protocols to prevent unauthorized
access to the lock system, especially when implementing loT-based devices in

public spaces.

8. Project Management and Teamwork — Gained insights into the importance of
team collaboration and project management in successfully implementing

complex systems with multiple components.
Future Scope:

1. Integration with Smart City Infrastructure — Connects with traffic management

systems and surveillance networks for synchronized enforcement.

2. Al-Based Predictive Analysis — Uses historical data and real-time inputs to

forecast high-risk zones and enhance law enforcement monitoring.

3. License Plate Recognition (LPR) — Automates vehicle identification, reducing

manual input errors and improving operational efficiency.

4. Enhanced Mobile Application — Features like voice control, multi-language

support, and real-time chat with law enforcement improve user accessibility.

5. Blockchain for Secure Transactions — Ensures transparent and tamper-proof

fine payments, increasing trust among users.

6. Solar-Powered Locks — Promotes sustainability by reducing maintenance costs
and supporting green energy initiatives.
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7. Data Analytics for Policy Planning — Analyses parking violation patterns and

user behaviour to optimize parking regulations and resource management.

8. Scalability to Other Enforcement Areas — Can be extended to manage restricted

zones, no-parking areas, and public event spaces.

9. Biometric Authentication & Two-Factor Verification — Enhances security by

preventing unauthorized access to the smart lock system.

10.Edge Computing for Improved Performance — Processes data closer to loT

devices, ensuring fast response times even in areas with limited connectivity.

11.Tamper Detection & Anti-Theft Measures — Advanced sensors detect

unauthorized removal attempts and alert authorities in real-time.

12.Automated Fine Collection & Escalation — Unpaid fines trigger automated

reminders, legal notices, or additional penalties.

13.Integration with Ride-Sharing & Public Transport Apps — Encourages

compliance by offering real-time parking insights to users.

14.Customizable Locking Mechanisms — Allows different locking methods

(mechanical, electronic, or hybrid) based on city regulations.

15.Real-Time Dashboard for Law Enforcement — Provides officers with live

tracking, alerts, and violation reports, streamlining enforcement operations.
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