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Abstract — Electoral integrity remains a cornerstone of democratic societies, yet traditional voter authentication
methods continue to face significant vulnerabilities. This research presents an innovative biometric voting system that
leverages iris recognition technology combined with machine learning algorithms to enhance electoral security. Our
approach utilizes convolutional neural networks (CNNs) to analyze unique iris patterns, providing a robust
authentication mechanism that addresses many limitations of conventional voting systems. The system incorporates
computer vision techniques, specifically the Hough Circle Transform for iris boundary detection, followed by deep
learning-based feature extraction and classification. Through extensive testing on a dataset comprising 108 distinct
individuals, we achieved a recognition accuracy of 94.2%. The implementation features an intuitive graphical
interface built with Python's Tkinter library, ensuring accessibility for election officials while maintaining the high
security standards required for electoral applications. Our findings suggest that iris-based biometric authentication
offers substantial improvements over existing voter verification methods, particularly in terms of fraud prevention
and authentication reliability.

Index Terms — Iris recognition, biometric voting, machine learning, convolutional neural networks, electoral security,
computer vision.
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L INTRODUCTION

Democratic governance fundamentally depends on the integrity of electoral processes. However, voter authentication
systems currently employed worldwide face mounting challenges related to security, accuracy, and fraud prevention.
Traditional methods such as identity documents, voter registration cards, and manual verification procedures have
proven inadequate in preventing electoral misconduct and ensuring accurate voter identification.

Biometric technologies have emerged as promising solutions to these persistent challenges. Among various biometric
modalities, iris recognition offers unique advantages due to the exceptional stability and distinctiveness of iris
patterns. The human iris contains intricate structures that remain virtually unchanged throughout an individual's
lifetime, making it an ideal candidate for long-term voter authentication systems.

Recent advances in machine learning, particularly deep learning algorithms, have significantly improved the
accuracy and efficiency of biometric recognition systems. Convolutional Neural Networks (CNNs) have
demonstrated remarkable success in image classification tasks, making them well-suited for iris pattern analysis.
These developments have created new opportunities to develop more secure and reliable voting systems.

Our research addresses these challenges by developing a comprehensive iris recognition system specifically designed
for electoral applications. The system combines state-of-the-art computer vision techniques with deep learning
algorithms to provide accurate voter authentication. We implemented the system in Python, using OpenCV for image
processing and TensorFlow for neural network modelling. The primary motivation for this work stems from observed
deficiencies in current voting systems and the potential for biometric technologies to address these shortcomings.
Electoral fraud incidents worldwide have highlighted the urgent need for more secure authentication mechanisms.
Additionally, the increasing availability of high-quality imaging hardware and computational resources has made
biometric voting systems more practical and cost-effective.

This paper makes several contributions to the field of biometric voting systems. First, we present a complete
implementation of an iris-recognition system optimised for electoral applications. Second, we demonstrate the
effectiveness of convolutional neural networks for iris pattern classification in voting contexts. Third, we provide
detailed performance analysis based on extensive experimental evaluation.

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM63382 | Page 1



https://ijsrem.com/

Al 1Y

b %
. n’s5m International Journal of Scientific Research in Engineering and Management (IJSREM)

w Volume: 10 Issue: 05 | May - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

1. RELATED WORK

The field of iris recognition has experienced significant development since its inception, with numerous researchers
contributing to both theoretical foundations and practical implementations. Early work by Daugman [1] established
many of the fundamental principles still used in modern iris recognition systems. His approach utilised Gabor
wavelets for feature extraction and achieved remarkably low error rates, setting the standard for subsequent research
in this area.

More recent research has focused on improving recognition accuracy through advanced machine learning techniques.
Several studies [2][4] have explored the application of deep learning algorithms to iris recognition, demonstrating
significant improvements over traditional methods. These approaches have shown particular promise in handling
challenging conditions such as poor image quality and varying illumination.

The application of biometric technologies to voting systems has gained considerable attention in recent years.
Researchers have investigated various biometric modalities for voter authentication, each with distinct advantages and
limitations. Fingerprint-based systems [3] have been widely studied due to their relatively low cost and established
technology base. However, these systems face challenges related to image quality degradation and environmental
factors that can affect recognition accuracy.

Facial recognition systems represent another active area of research in biometric voting. While these systems offer
advantages in terms of user convenience and non-invasive operation, they typically provide lower accuracy rates
compared to iris recognition systems. Additionally, facial recognition systems can be significantly affected by
changes in lighting conditions, facial expressions, and aging. Multi-modal biometric systems [5] that combine
multiple biometric traits have also been explored for voting applications. These systems aim to improve overall
accuracy by leveraging the strengths of different biometric modalities. However, the increased complexity and
higher costs associated with multi-modal systems present practical challenges for large-scale deployment.

1L PROPOSED SYSTEM

Our iris recognition voting system employs a comprehensive approach that integrates multiple components to deliver
reliable voter authentication. The system architecture follows established design principles while incorporating novel
optimization specific to electoral applications.

A. System Overview

The proposed system consists of six primary components that work together to provide secure voter authentication.
The image acquisition module captures high-quality iris images using specialised near-infrared cameras. The
preprocessing module enhances image quality through various filtering techniques. The iris localisation module
identifies and extracts the iris region from captured images. The feature extraction module employs convolutional
neural networks to derive unique iris characteristics. The classification module performs pattern matching against
stored voter templates.

Finally, the user interface module provides intuitive system operation for election officials.

B. Image Acquisition and Preprocessing

Image quality plays a crucial role in the overall performance of iris recognition systems. Our implementation utilizes
near-infrared illumination to capture detailed iris structures while minimising the effects of natural lighting
variations. The preprocessing stage applies median filtering with a kernel size of 5 pixels to reduce noise while
preserving important edge information. The preprocessing module also implements contrast enhancement techniques
to improve the visibility of iris patterns.

C. Iris Localisation Algorithm

Accurate iris localisation represents a critical challenge in iris recognition systems. Our approach employs the Hough
Circle Transform algorithm, which has proven effective for detecting circular boundaries in iris images. The
algorithm begins by converting captured images to grayscale format, followed by edge detection to identify potential
circle boundaries. The Hough Circle Transform implementation uses carefully optimised parameters: paraml = 63
and param2 = 70, determined through extensive experimentation with our dataset.

D. Feature Extraction Using Deep Learning

The feature extraction component represents the core innovation of our system. We developed a CNN architecture
specifically optimised for iris pattern analysis. The network consists of two convolutional layers, each containing 32
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filters with 3x3 kernels, followed by max pooling operations and ReLU activation functions. The final layers consist
of a dense layer with 256 neurons and an output layer with 108 neurons using softmax activation to produce
probability distributions over the possible identities.

E. Training and Optimization

The CNN model training process utilizes the Adam optimizer with categorical cross-entropy as the loss function. The
training process spans 60 epochs with a batch size of 16, parameters chosen through systematic experimentation. The
system architecture is illustrated in Fig. 1.

Fig. 1. Overall System Architecture of Iris Recoguition Voting System
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Iv. EXPERIMENTAL SETUP

A. Dataset Characteristics

The experimental dataset consists of iris images from 108 unique individuals, providing sufficient diversity for
meaningful performance evaluation. Each individual contributed multiple iris images captured under varying
conditions to test system robustness. Image collection was performed using near-infrared cameras specifically
designed for iris capture applications.

B. Implementation Environment

The system implementation was developed using Python programming language. OpenCV provided the foundation
for image processing operations, while TensorFlow and Keras frameworks enabled efficient neural network
implementation and training. The hardware configuration included an Intel Core i7 processor with 16 GB of
system memory, and an NVIDIA GTX 1080 GPU for graphics processing acceleration.

C. Evaluation Methodology

System performance was assessed using standard metrics commonly employed in biometric system evaluation.
Recognition accuracy was measured as the percentage of correct identifications across the entire test dataset. The
evaluation procedure included both closed-set and open-set testing scenarios. Cross-validation techniques were
employed to ensure robust performance estimates.

Fig. 2: CNN Model Architecture
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V. RESULTS

A. Recognition Performance

The convolutional neural network achieved an overall recognition accuracy of 94.2% on our test dataset. This
performance level compares favorably with existing biometric authentication systems and exceeds the accuracy
requirements for most electoral applications. Analysis of the confusion matrix reveals that recognition errors were
distributed relatively evenly across different individuals, suggesting that the system does not exhibit systematic
biases.

B. Processing Efficiency

Timing analysis shows that the complete recognition process, from image capture to final authentication decision,
typically completes within 2 seconds. Iris localization requires approximately

0.5 seconds, while feature extraction and classification together consume about 0.3 seconds. These processing times
are well within acceptable limits for voting applications.

C. Training Convergence

The CNN training process demonstrated stable convergence over the 60-epoch training period. Training accuracy
improved consistently throughout the training process, reaching its final value without significant overfitting. The
training process required approximately 4 hours on our hardware configuration.

D. Error Analysis

Detailed analysis of recognition failures reveals that most errors occurred with lower-quality images that suffered
from motion blur or inadequate illumination. Some recognition failures were attributed to significant changes in iris
appearance due to medical conditions or aging effects, highlighting the importance of periodic template updates in
long-term deployments.

VL. DISCUSSION

A. Practical ImplicationsThe high accuracy and fast processing speeds of our system make it well-suited for real-
world voting applications. The contactless nature of iris recognition eliminates hygiene concerns that might arise
with fingerprint-based systems, while the non-invasive capture process ensures voter comfort and acceptance. The
system's ability to handle multiple authentication requests efficiently addresses scalability requirements for large-
scale electoral deployments.

B. Security Advantages

Iris recognition provides inherent security advantages over traditional authentication methods. The complexity and
uniqueness of iris patterns make them extremely difficult to forge or replicate, significantly reducing the potential for
fraudulent voting attempts. Our implementation incorporates encryption and access control measures to protect stored
iris templates from unauthorized access or modification.

C. Limitations and Future Enhancements

Despite the strong performance demonstrated in our evaluation, the system's dependence on image quality suggests
that additional preprocessing techniques could improve robustness under challenging conditions. The current
implementation focuses on single-modal biometric authentication. Future versions could incorporate additional
biometric traits and liveness detection capabilities to improve overall system security and accuracy.

VII. CONCLUSION

This research demonstrates the feasibility and effectiveness of iris recognition technology for secure voting
applications. Our system achieves 94.2% recognition accuracy while maintaining processing speeds suitable for
practical electoral use. The combination of computer vision techniques and deep learning algorithms provides a
robust foundation for biometric voter authentication.

The security advantages offered by iris recognition, including fraud resistance and non-repudiation capabilities,
address many vulnerabilities present in traditional voting systems. The contactless and

non-invasive nature of iris capture enhances user acceptance while maintaining high security standards. Future
research directions include exploring multi-modal biometric approaches, implementing advanced security features
such as liveness detection, and optimizing system performance for larger-scale deployments. As democratic societies
continue to face challenges related to voting system integrity, biometric authentication technologies like iris
recognition offer promising solutions that can help preserve the fundamental principles of fair and secure elections.
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