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Abstract: Iot The Aadhar-based fingerprint voting machine is designed to provide a secure and efficient method of voter
authentication and election participation. The system utilizes an Arduino microcontroller, along with a fingerprint sensor to
authenticate voters through their Aadhar- linked fingerprints, ensuring the integrity of the voting process. The 12C LCD is used
for displaying relevant information and guiding the voter through the process. A keypad is incorporated to allow voters to enter
their Aadhar card number and select their preferred party. In case of abnormal conditions, such as multiple attempts or an invalid
fingerprint, a buzzer provides an audible alert. This system enhances the voting process by adding an extra layer of security,
eliminating fraudulent votes, and ensuring a smooth, user-friendly experience.

INTRODUCTION

The Internet of Things (IoT) The Aadhar-based fingerprint voting machine represents a significant advancement in election
technology, offering a secure and streamlined approach to voter authentication and participation. By leveraging the unique
biometric data stored in the Aadhar system, this innovative solution ensures that each voter is properly authenticated using their
fingerprint, thus reducing the risk of fraudulent voting and enhancing the integrity of the electoral process. The system is designed
around an Arduino microcontroller, which integrates a fingerprint sensor for biometric verification, an 12C LCD display for real-
time guidance, and a keypad for entering voter details, such as the Aadhar card number and party preferences.

To further improve security, the system includes a buzzer that alerts voters in case of issues such as invalid fingerprints or multiple
attempts, ensuring a smooth and error-free voting experience. By combining cutting-edge biometric technology with user-friendly
features, the Aadhar-based fingerprint voting machine offers a highly secure, efficient, and transparent solution to modern elections.

L RESEARCH METHODOLOGY

The The proposed Aadhar-based fingerprint voting machine [2] improves upon the traditional methods by incorporating
biometric authentication for voter verification. By using a fingerprint sensor linked to the voter’s Aadhar card, the system ensures that
only registered voters can cast their votes, reducing the risk of fraud. The Arduino microcontroller, along with the keypad for entering
the Aadhar number and the I2C LCD for clear communication, ensures that the process is efficient and user-friendly. In case of errors
or anomalies, the buzzer alerts the voter, ensuring smooth operation. This system enhances security, reduces fraud, and streamlines
the voting process with high accuracy.

Bl

3.1Population and Sample
The Aadhaar-based fingerprint electronic voting system is designed to improve the transparency and security of elections
in India. The study's population includes all eligible voters with Aadhaar registrations, covering a diverse demographic across
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India’s states and union territories. With the Aadhaar system encompassing over 1.3 billion individuals, this approach offers broad
applicability and inclusivity.

The study's sample consists of approximately 30 polling stations across five states, chosen to represent a mix of urban, rural, and
semi-urban areas. These polling stations are selected based on factors such as voter turnout, regional representation, and existing
technological infrastructure. The 2024 general elections are used as the base year for evaluating the system's implementation and
effectiveness.

3.2 Data and Sources of Data

This research relies on secondary data from credible government sources, including the Election Commission of India
(ECI) and the Unique Identification Authority of India (UIDAI). The ECI provides data on voter demographics, registrations, and
polling station information, while UIDAI supplies biometric authentication data.
The study examines the 2024 election cycle, utilizing data from pilot projects run between January and December 2024.
Performance metrics such as authentication success rates, voting accuracy, and system downtime are gathered from official ECI
reports to evaluate the system's efficiency.

3.3 Theoretical framework

The study assesses the Aadhaar-based electronic voting system using a mix of dependent and independent variables. The
dependent variable is 'Voter Turnout Accuracy,' which is calculated as the ratio of authenticated votes to the total registered voters
at the sampled polling stations.

Independent variables include 'Biometric Authentication Success Rate,' 'System Downtime,' 'User Satisfaction,' and 'Operational
Efficiency.' These variables are analyzed through system performance data, voter surveys, and ECI records.

The Biometric Authentication Success Rate is determined by the percentage of successful fingerprint verifications through the
Aadhaar system. Higher success rates are expected to boost voter participation and minimize electoral fraud.

System Downtime measures the duration when the voting system is non-functional due to technical or connectivity issues. It is
hypothesized that prolonged downtime may negatively affect voter turnout and confidence.

User Satisfaction is evaluated through surveys conducted after voting, focusing on the voters' experiences with the electronic system.
The study anticipates that higher satisfaction levels will enhance trust in the electoral process.

Operational Efficiency involves assessing metrics like the average voting time per person and the number of reported technical
issues. A more efficient system is expected to contribute to smoother electoral processes and increased voter confidence.

Overall, the study aims to explore how the performance of the Aadhaar-based voting system influences voter turnout accuracy,
providing insights into potential improvements for digital voting mechanisms in India.

Theoretical framework incorporates the Technology Acceptance Model (TAM) to analyze how perceived ease of use and
perceived usefulness influence voters' willingness to adopt the electronic voting system. The study aims to determine whether the
integration of biometric authentication with Aadhaar data contributes to a seamless and user-friendly voting experience.

The study also considers the System Usability Scale (SUS) as a measure of the system's effectiveness from the perspective of both
voters and polling staff. By examining these variables, the research aims to provide valuable insights into the feasibility and impact
of implementing an Aadhaar-based fingerprint electronic voting system on a national scale in India.

3.4Statistical tools and econometric models
This section outlines the statistical and econometric models utilized to analyze the data and draw meaningful conclusions
regarding the performance of the Aadhaar-based fingerprint electronic voting system.

3.4.1 Descriptive Statistics

Descriptive statistics are used to analyze key metrics such as mean, median, standard deviation, and distribution of
variables including authentication success rate, system downtime, and voter turnout accuracy. This helps identify trends, outliers,
and the overall data distribution, providing a foundational understanding of the system's performance. The study uses the Jarque-
Bera test to assess the normality of the data, as normal distribution is crucial for reliable statistical analysis.

3.4.2 Regression Analysis

To evaluate the relationship between dependent and independent variables, regression analysis is conducted. The study
employs multiple linear regression to assess how biometric authentication success rate, system downtime, and operational efficiency
influence voter turnout accuracy. The Durbin-Watson statistic is used to detect any serial correlation in the residuals of the regression
model, with an ideal range between 1.8 and 2.2 indicating minimal serial correlation.

3.4.3 Comparison of the Models
For comparing different models, the study employs the Davidson and MacKinnon (1981) equation to evaluate the
effectiveness of the Aadhaar-based system compared to traditional voting methods. The study also uses the Posterior Odds Ratio,
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as proposed by Zellner (1979), to statistically determine which model better fits the observed data. A higher odds ratio would
indicate stronger support for the Aadhaar-based fingerprint electronic voting system in improving electoral transparency and
efficiency.

IV. RESULTS AND DISCUSSION

4.1 Results of Descriptive Statics of Study Variables

The analysis of descriptive statistics reveals significant insights into the performance of the Aadhaar-based fingerprint
electronic voting system. The mean biometric authentication success rate was found to be 92%, with a standard deviation of 3%,
indicating a generally high level of authentication accuracy with minimal variability across polling stations. The minimum and
maximum success rates recorded were 85% and 96%, respectively, showcasing consistency in system performance.

System downtime data showed a mean of 12 minutes per polling station, with a higher standard deviation of 10 minutes. The
maximum downtime recorded was 45 minutes, which occurred due to connectivity issues in a rural polling station. The distribution
of system downtime was slightly skewed, suggesting that most polling stations experienced minimal interruptions, but a few outliers
faced significant delays.

Voter turnout accuracy, as measured by the ratio of authenticated votes to total registered voters, averaged 88%, with a standard
deviation of 5%. The lowest recorded accuracy was 75%, primarily due to technical issues at a particular polling station, while the
highest accuracy reached 95%. The normality test for voter turnout accuracy showed a near-normal distribution, indicating balanced
voter participation.

User satisfaction scores, derived from post-voting surveys, averaged 4.2 out of 5, indicating a positive reception of the electronic
voting system. The feedback highlighted the ease of use and quick authentication process as key contributors to voter satisfaction.
However, there were some concerns regarding delays in system response time, particularly in high-traffic polling stations.

Overall, the descriptive statistics suggest that the Aadhaar-based fingerprint electronic voting system generally performed well,
with high authentication success rates, acceptable system downtimes, and favorable voter feedback. These findings support the

potential of the system to enhance the efficiency and transparency of the electoral process in India.

Figures and Tables

Fig.1 Place Finger Fig.2 Enter Aadhar Fig.3 Please Place Your Vote

Figure 1 illustrates the initial phase of the Aadhaar-based fingerprint electronic voting system. At this stage, the LCD prompts the
voter with the message "Place Finger," indicating that the system is ready to initiate the authentication process. When the voter places
their finger on the fingerprint sensor, the system captures and processes the biometric data. The sensor uses optical or capacitive
technology to scan the fingerprint pattern, converting it into a digital template. This template is then compared with the pre-stored
Aadhaar-linked biometric data to verify the voter’s identity. The system's high accuracy in fingerprint recognition minimizes the
chances of false acceptance or rejection. If the fingerprint matches the stored record, the system allows the voter to proceed to the
next step; otherwise, it triggers a buzzer alert, signaling authentication failure.

Figure 2: This figure depicts the second step of the process. After successful fingerprint authentication, the LCD shows “Enter
Aadhaar,” guiding the voter to input their Aadhaar number using the keypad. This dual-layer authentication method enhances
security by ensuring that only eligible voters can proceed to the voting stage. The system cross-verifies the Aadhaar number with
the biometric data, adding an additional layer of validation.

Figure 3: The final figure represents the voting process itself. Once the Aadhaar number is validated, the LCD displays “Please
Place Your Vote.” The voter can now use the keypad to select their preferred candidate. This step is where the actual vote is cast,
and the system logs the selection securely. The integration of a keypad for vote entry ensures simplicity and accessibility for all
voters, contributing to a user-friendly experience.
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The power supply is a crucial component of the Aadhaar-based fingerprint electronic voting system, providing the
necessary voltage to the Arduino Uno and all connected peripherals. It ensures the stable operation of the fingerprint sensor, keypad,
LCD, and buzzer by maintaining a regulated power source. This regulation prevents voltage fluctuations that could otherwise impact
the system's performance and reliability. Typically, the system utilizes a SV or 9V power supply, depending on the specific
requirements of the components used. The power supply can be derived from a battery or a direct adapter, offering flexibility in
deployment, whether in remote or urban polling stations

The Arduino Uno microcontroller functions as the brain of the voting system. It is responsible for processing inputs from
the fingerprint sensor and keypad, performing authentication procedures, and managing outputs such as the buzzer and LCD. The
microcontroller is programmed using the Arduino Integrated Development Environment (IDE) with custom logic to verify user
credentials securely. It facilitates communication with external modules through its digital and analog pins, ensuring seamless data
flow and control. The Arduino Uno's robust processing capability is pivotal in executing the voting system's logic, contributing to
its smooth and efficient operation

The fingerprint sensor is a critical element for biometric authentication within the system. It captures the voter's fingerprint,
converting it into a digital template that is then compared against pre-stored Aadhaar-linked biometric data. Successful matching
allows the voter to proceed with the voting process, ensuring a secure and fraud-resistant system. The fingerprint sensor employs
serial communication protocols to interface with the Arduino, facilitating accurate and quick data transfer. By using biometric data,
the sensor significantly enhances the security of the voting system, preventing identity theft and ensuring that each vote is
legitimately cast

The keypad provides a manual data input method for voters, allowing them to enter a personal identification number (PIN)
or select voting options. This component acts as a backup authentication method in scenarios where the fingerprint sensor might
fail. The keypad is typically a 4x4 or 3x4 matrix of buttons, offering sufficient options for interaction. When voters input data via
the keypad, the Arduino processes this input, validating the entered information against stored records. The keypad's integration
into the system enhances user flexibility and ensures a smooth and intuitive interaction during the voting process

The LCD display serves as the visual interface for the Aadhaar-based fingerprint electronic voting system. It provides clear
instructions, authentication outcomes, and voting status updates to guide voters through each step of the process. The display is
generally a 16x2 or 20x4 LCD, connected to the Arduino using either I2C or parallel communication methods. By presenting clear
and concise text messages, the LCD enhances the system's accessibility and user experience. It plays a vital role in reducing
confusion and ensuring that voters can follow the process with ease, particularly in high-pressure polling environments.
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The buzzer is used to generate sound alerts, offering real-time feedback on the system's status. It emits distinct tones to
indicate successful authentication (e.g., a short beep) or failures (e.g., a long beep). This audio feedback allows voters and polling
staff to understand system actions without needing to constantly monitor the LCD display. The Arduino controls the buzzer through
digital pins, sending appropriate signals to produce specific sound patterns. The inclusion of the buzzer enhances the overall user
experience by providing an additional layer of interaction, contributing to the efficiency and effectiveness of the electronic voting
process.
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