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ABSTRACT: Voting is a fundamental pillar of democracy, but traditional system faces challenges including
tampering, slow vote counting, delayed results, and lack of transparency. This project proposes a secure, transparent,
and efficient electronic voting system that leverages advanced technologies such as blockchain, biometrics, and
encryption to address the challenges of traditional voting methods. The system ensures voter authentication through
multi-factor verification, including QR code scanning and facial recognition. Once authenticated, votes are encrypted
using 256-bit SHA hash codes and stored on a tamper-proof blockchain, ensuring vote immutability and security. The
self-tallying mechanism automates the vote counting process, providing rapid and error-free results. Additionally, the
system includes real-time vote integrity verification, SMS notifications for tampering detection, and detailed audit
reports for complete transparency.

KEYWORDS: Python 3.8, TensorFlow, Keras, Flask, NumPy, Pandas, Matplotlib, Scikit-learn, MySQL, OpenCV
(for face recognition), JSON.

L. INTRODUCTION

In the digital age, the integrity, transparency, and efficiency of voting systems have become critical challenges for
democratic processes worldwide. Traditional voting mechanisms, whether paper-based or electronic, often suffer from
vulnerabilities such as fraud, tampering, delayed result verification, and lack of trust among voters. Recent
advancements in blockchain technology and artificial intelligence (AI) offer promising solutions to address these
challenges.

Blockchain provides a decentralized and immutable ledger, ensuring that each vote is securely recorded and cannot be
altered, while Al facilitates real-time verification, anomaly detection, and intelligent auditing of voting patterns. By
integrating Al with blockchain, it is possible to design a secure and unified voting system that guarantees transparency,
enhances voter trust, and provides instant verification of election results. Such a system can overcome the limitations of
conventional voting methods, enabling more secure, efficient, and accessible elections on a global scale.

This paper proposes a comprehensive framework for a Secure and Unified Al-Blockchain Voting System with Real-
Time Verification, highlighting its architecture, security protocols, and real-time verification capabilities. The proposed
system aims to combine the strengths of Al and blockchain to deliver a robust, tamper-proof, and trustworthy electoral
process, laying the foundation for next-generation digital democracy.

II. LITERATURE SURVEY

2.1. Title: Secure Online Voting System-Based on Facial Recognition by Using Deep Learning

The study by Krishna Prakash and co-authors (2025) focuses on designing a secure, reliable, and transparent online
voting system for corporate elections by integrating deep learning—based facial recognition with OTP authentication.
The system aims to eliminate fraudulent voting and unauthorized access by combining computer vision techniques with
employee-specific identifiers such as employee ID and biometric data. The methodology incorporates real-time vote
validation along with OTP-based verification to ensure security and transparency.

The system utilizes the Haar Cascade Classifier for efficient face detection and Convolutional Neural Networks
(CNNs) for accurate facial recognition. A custom dataset consisting of employee facial images under varying
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orientations and lighting conditions was used to improve robustness. The findings indicate a high facial verification
accuracy of 98%, demonstrating superior reliability compared to traditional systems. The proposed system enhances
transparency, prevents impersonation, and supports remote voting, although it depends heavily on stable internet
connectivity and good image quality, with data privacy remaining a concern.

2.2. Title: A Comprehensive Evaluation of Secured Electronic Voting System Design Based on Face Biometric
Authentication Policy

Similarly, the research conducted by Pandarinath Potluri and colleagues (2024) presents a comprehensive evaluation of
a secured electronic voting system based on face biometric authentication. The objective is to ensure secure,
transparent, and efficient voting by verifying voter identity through biometric methods. The methodology integrates
both hardware and software components, including cameras, biometric databases, and encryption-based communication
protocols. It employs deep learning algorithms for face detection and recognition, along with anti-spoofing techniques
and multi-factor authentication.

The system architecture encompasses voter registration, ballot generation, secure vote casting, and encrypted vote
counting. Using a biometric dataset of registered voters, the model achieved a recognition accuracy of 96%, proving its
effectiveness in minimizing impersonation and vote duplication. The system offers advantages such as enhanced
security, transparency, and reduced human error, but faces challenges like the need for high-quality equipment, stable
connectivity, and concerns regarding privacy and data protection.

2.3. Title: Next Generation Voting Approach: A Secured Biometric Voting System

The study by Manoj A and co-authors (2024) aims to modernize state elections by introducing a biometric voting
system that enables voters to securely cast their votes from any nearby polling station, regardless of their constituency.
The proposed system integrates fingerprint and facial recognition technologies using hardware components such as the
R307 Optical Fingerprint Reader, RFID, and a Raspberry Pi microcontroller. Aadhaar-based voter verification is
incorporated to ensure voter legitimacy, while real-time data processing helps prevent duplicate voting. The system
employs biometric authentication algorithms for both fingerprint and facial recognition, along with secure
communication protocols for data validation and transmission.

A dataset consisting of voter fingerprints and facial images linked with Aadhaar data is used for system verification and
testing. The findings demonstrate that the system is highly secure and efficient, offering accurate voter authentication
and improved accessibility for voters in remote areas while maintaining privacy. The system enhances election
transparency, prevents duplication, supports remote voting, and provides a scalable and user-friendly solution;
however, it involves high setup costs due to biometric devices and infrastructure requirements, and may face
implementation challenges in regions with poor connectivity or limited digital literacy.

III. RESEARCH METHODOLOGY

The proposed Secure and Unified Al-Blockchain Voting System with Real-Time Verification follows a hybrid
architecture integrating Artificial Intelligence (AI) and Blockchain technologies to ensure secure, transparent, and
tamper-proof voting. The methodology is structured into key phases including voter registration, authentication, vote
casting, blockchain integration, and performance evaluation, supported by advanced algorithms, techniques, and
security mechanisms. In the initial phase, voter registration is carried out using biometric data such as facial images
and/or fingerprints along with unique identification credentials. Data preprocessing techniques including image
normalization, histogram equalization, and noise filtering are applied to enhance image quality. For biometric
recognition, algorithms such as Haar Cascade Classifier are used for face detection, while Convolutional Neural
Networks (CNNs) are employed for high-accuracy facial recognition and feature extraction. In addition, Local Binary
Pattern (LBP) techniques may be used for texture-based feature enhancement.

During the authentication phase, the system adopts a multi-factor authentication mechanism combining Al-based facial
recognition and One-Time Password (OTP) verification. The CNN model performs feature matching between live-
captured images and stored templates, while liveness detection techniques such as blink detection and motion analysis
are implemented to prevent spoofing attacks. Secure communication protocols, including Transport Layer Security
(TLS), are used to protect data transmission. For vote casting, blockchain technology is utilized as the core security
mechanism. Each vote is encrypted using Advanced Encryption Standard (AES) and digitally signed using asymmetric
cryptography (RSA/ECC). The encrypted vote is then converted into a blockchain transaction and recorded using smart
contracts. Consensus algorithms such as Proof of Authority (PoA) or Proof of Stake (PoS) are implemented to validate
transactions efficiently while maintaining system integrity. Cryptographic hashing techniques (e.g., SHA-256) ensure
immutability and prevent data tampering.
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Real-time verification is achieved through immediate validation and addition of votes to the distributed ledger, enabling
transparent monitoring without revealing voter identity. Privacy-preserving mechanisms such as anonymization and
zero-knowledge proof (ZKP) techniques are incorporated to ensure voter confidentiality while maintaining auditability.
Additionally, role-based access control (RBAC) is implemented to restrict system access to authorized entities only.

The system integrates both hardware and software components, including cameras, biometric sensors, and web-based
interfaces, ensuring seamless interaction between users and the voting platform. A custom dataset containing biometric
data is used for training and validation to improve system robustness under diverse environmental conditions.

Finally, system performance is evaluated using metrics such as accuracy, precision, recall, authentication time,
transaction latency, scalability, and resistance to attacks. Experimental analysis demonstrates the effectiveness of the
proposed system in enhancing security, preventing fraud, and ensuring reliable real-time voting.

IV. ARCHITECTURE

System Architecture

The proposed Secure and Unified Al-Blockchain Voting System with Real-Time Verification is designed as a multi-
layered architecture that ensures transparency, security, and efficiency throughout the electoral process. The system
integrates Election Commission operations, voter interaction modules, verification mechanisms, and blockchain-based
vote storage.

At the top level, the Election Commission (ECI) module acts as the administrative control unit. It includes
functionalities such as adding candidates, assigning polling officers (PO), returning officers (RO), and polling booths.
The system also supports Aadhaar integration and secure login for authorized personnel. These operations ensure
proper election setup and management.

The architecture incorporates a verification and processing layer, which includes advanced modules such as:
¢ Fingerprint (FP) Verification and QR Verification for voter authentication

Self-tallying mechanism to automatically count votes

Ballot Chain system, which ensures that each vote is securely linked in sequence

Blockchain module, which stores votes in an immutable and tamper-proof distributed ledger

Aadhaar Database, used for identity validation and duplication prevention

The SMS Generator module enhances communication by sending real-time notifications to voters regarding voting
status and authentication. This ensures transparency and user awareness.

At the user level, citizens interact with the system via secure interfaces. They receive SMS notifications (BVL SMS)
and proceed to cast their votes digitally. The voting process is authenticated through multi-factor verification
mechanisms, ensuring that only eligible voters can participate.

The central cloud infrastructure acts as the backbone of the system, facilitating data storage, synchronization, and
secure communication between modules. It connects all stakeholders, including the Election Commission, polling
booths, and verification systems.

At the polling booth level, dedicated modules are deployed for:
Voter verification

Login authentication

Voting list display

Vote casting status tracking

Real-time vote counting

Statistical analysis of votes

The system also defines roles such as Polling Officers, Presiding Officers, and Returning Officers, each interacting with
the system based on their responsibilities. These roles ensure smooth election execution and monitoring.

Overall, the architecture emphasizes security (via blockchain and biometrics), transparency (real-time updates and
statistics), and efficiency (automated counting and verification), making it highly suitable for modern digital election
systems.
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Fig. 4. System Architecture
V. RESULTS AND DISCUSSION
5.1 Experimental Results
The proposed Secure Al-Blockchain Voting System was implemented and evaluated under a simulated election

environment involving multiple users, polling stations, and administrative roles. The system successfully demonstrated
secure voter authentication, transparent vote casting, and real-time result generation.
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The multi-factor authentication mechanism, which integrates Aadhaar-based validation, fingerprint verification, and
QR code scanning, achieved a high level of accuracy in identifying legitimate voters. Unauthorized access attempts
were effectively blocked, ensuring that only verified individuals could participate in the voting process.

The blockchain module ensured immutability of votes. Each vote was recorded as a block and linked sequentially,
preventing any possibility of data tampering or duplication. Once a vote was cast, it could not be altered or deleted,
thereby guaranteeing data integrity.

The self-tallying mechanism enabled real-time vote counting without requiring manual intervention. Election results
were generated instantly after the voting process, significantly reducing the time compared to traditional systems.

The SMS notification system effectively communicated voting status to users. Voters received confirmation messages
after successful authentication and vote casting, enhancing transparency and trust in the system.

Additionally, the system handled multiple concurrent users efficiently, demonstrating good scalability and stable
performance under increased load conditions.

5.2 Performance Analysis

The system was analyzed based on the following parameters:

e Authentication Accuracy:

The combination of biometric and Aadhaar verification provided highly reliable user authentication, minimizing false
positives and false negatives.

e Security:

Blockchain technology ensured a tamper-proof environment. The decentralized ledger eliminated single points of
failure and enhanced resistance against cyber-attacks.

o Efficiency:

Automated vote counting reduced the overall election processing time. Real-time result generation eliminated delays
associated with manual counting.

e Transparency:

The use of blockchain and SMS notifications allowed voters and authorities to verify voting activities, improving
system transparency.

e Scalability:

Cloud-based deployment enabled the system to support a large number of users and polling stations without
performance degradation.

5.3 Discussion

The results clearly indicate that the proposed system addresses major limitations of traditional voting systems, such as
manual errors, delays in counting, and vulnerability to tampering. By integrating Artificial Intelligence for verification
and Blockchain for secure data storage, the system ensures both accuracy and trustworthiness.

Compared to existing electronic voting systems, this approach provides:

o Higher security through decentralized data storage

o Improved voter verification using biometrics and identity databases

o Faster result processing with automated tallying

e Enhanced user trust through real-time notifications

However, certain challenges were observed during implementation. The dependency on Aadhaar and biometric systems
may introduce privacy concerns and requires strong data protection measures. Additionally, the need for stable internet
connectivity and digital infrastructure may limit deployment in remote areas.

Despite these challenges, the system proves to be a robust and future-ready solution for digital elections. With further
improvements in infrastructure, data privacy mechanisms, and user awareness, it can be widely adopted for secure and
transparent electoral processes.

5.4 Summary

Overall, the proposed system successfully demonstrates:
e Secure and accurate voter authentication
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e Tamper-proof vote storage using blockchain

o Instant and reliable result generation

e Improved transparency and efficiency

These outcomes validate the effectiveness of the system in modernizing election processes and ensuring fair democratic
practices.

VI. CONCLUSION

In conclusion, the project offers a secure, transparent, and efficient alternative to traditional voting systems. The system
leverages blockchain technology to ensure the integrity of votes and prevent any tampering or fraud. By integrating
Aadhar authentication for secure user verification and OTP for transaction validation, the system guarantees that only
eligible voters participate in the election process. Additionally, the use of blockchain ensures that all votes are
immutable, providing transparency and accountability in the voting process. The system is designed with several key
modules, including the Voter Registration System, Vote Casting System, and Vote Verification System. Each module
is carefully crafted to ensure smooth operation and secure functionality. The user-friendly interface and seamless
integration with blockchain ensure a smooth experience for both voters and administrators. Through thorough testing,
the system demonstrated robust performance under high traffic and successfully passed all functionality, security, and
performance tests. The system's scalability allows it to handle elections of varying sizes, making it suitable for both
small organizations and large-scale governmental elections. This innovative system has significant advantages over
traditional voting methods, offering enhanced security, transparency, and trust. Furthermore, it can serve as the
foundation for future electoral systems, reducing administrative overhead and increasing voter participation. With its
potential for further development, including integration with other security measures, the Blockchain-Based Online
Voting System is poised to revolutionize the voting process, ensuring a safer and more reliable electoral environment.

VII. FUTURE WORK

Implement Al-based anomaly detection to identify fraudulent voting activities
Introducing multi-modal biometrics (face, iris) for stronger authentication
Enhance data privacy using encryption and zero-knowledge techniques
Develop offline voting capability for low-network or rural areas

Use hybrid blockchain architecture to improve scalability and speed

Create secure mobile voting applications for remote voting

Integrate with multiple national ID systems for global adaptability

Conduct real-time pilot testing for practical validation
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