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Abstract: This paper presents an loT-enabled ATM system designed for accessibility and seamless digital transactions. Built
around an ESP32 microcontroller, the system integrates WhatsApp Pay for payments and uses an IR sensor to detect users,
triggering voice-assisted instructions for visually or motor-impaired individuals. Users select a predefined amount (Z50, Z100,
2200, or T500) via a locally hosted webpage, complete the payment via \WhatsApp Pay, and receive cash dispensed by a BO motor
controlled by an L298N motor driver. Real- time feedback is provided on a 16x2 LCD, and transaction data is logged to Firebase
Realtime Database. The system is low-cost, standalone, and user-friendly, making it ideal for individuals with disabilities, small
businesses, and rural areas.
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L. INTRODUCTION
The rapid adoption of digital payment systems has transformed financial transactions, making them faster and more convenient.
However, traditional ATMs often fail to address the needs of individuals with disabilities, such as those with visual or motor
impairments.
These users face significant challenges, such as inaccessible interfaces, lack of assistive technologies, and complex navigation,
which hinder their ability to perform independent financial transactions. This creates a pressing need for an inclusive and accessible
solution that empowers individuals with disabilities to manage their finances independently. This project addresses these challenges
by developing an l1oT-enabled ATM system that integrates WhatsApp Pay for seamless transactions while prioritizing accessibility
through voice-assisted technology and user-friendly design. The system is designed to be standalone, eliminating the need for
complex banking networks, and is built around an ESP32 microcontroller. The ESP32 hosts a Wi-Fi hotspot and a web server,
enabling users to connect to the system via their smartphones or other devices. When a client approaches the ATM, an IR sensor
detects their presence and triggers a voice-over instruction system. This system provides step-by-step guidance on how to use the
ATM, ensuring that users with visual or motor impairments can navigate the process independently. The user is then redirected to a
locally hosted webpage designed with accessibility features, such as large buttons and voice- assisted navigation.
The webpage displays buttons for predefined amounts (50, 2100, R200, and Z500). Upon selecting an amount, the system opens
WhatsApp with a pre-filled payment message containing the user's UPI ID and the selected amount. The user can then complete the
payment via WhatsApp Pay, ensuring a secure and user-friendly experience. Once the payment is verified manually, the system
dispenses the corresponding cash amount. The cash dispensing mechanism is controlled by a BO motor and an L298N motor driver,
ensuring precise and reliable operation. A 16x2 LCD display provides real-time feedback to the user, guiding them through the
process and confirming the transaction status. The system is housed in a user-friendly enclosure with voice-assisted technology,
ensuring that users of all abilities can operate it comfortably and independently.
The integration of 10T technology enables the system to operate independently, without the need for external servers or complex
infrastructure. The ESP32's built-in Wi-Fi capabilities allow it to host a local web server, making the system accessible to any
device with a web browser. The use of WhatsApp Pay ensures a secure and user-friendly payment experience, leveraging the
widespread adoption of WhatsApp in India. This system is particularly beneficial for individuals with disabilities, as it provides a
fully independent solution for cash transactions. It eliminates the need for assistance from others, empowering users to manage their
finances with confidence and dignity.
Additionally, the system is useful for small businesses, rural areas, and events where traditional ATMs are impractical or
inaccessible. It provides a low-cost, scalable, and inclusive solution for cash dispensing, bridging the gap between digital payments
and physical currency while ensuring accessibility and independence for all users. This paper will detail the design, implementation,
and evaluation of the proposed system, highlighting its features, performance, and potential applications. The subsequent chapters
will discuss the related work, system architecture, hardware and software implementation, results and discussion, and finally, the
conclusion and future work.
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1. LITERATURE SURVEY
This chapter presents a review of existing literature related to loT-enabled ATM systems, focusing on key aspects such as
accessibility features, loT-based payment systems, cash dispensing mechanisms, and user-friendly interfaces. The review highlights
advancements in these areas and identifies potential research gaps.

A. Accessibility Features for Individuals with Disabilities

Accessibility in financial systems, particularly ATMs, has been a growing area of research due to the increasing need for inclusive
design. Traditional ATMs often fail to cater to individuals with disabilities, such as those with visual or motor impairments. Studies
have shown that incorporating features like voice-assisted navigation and IR sensors can significantly enhance usability for disabled
users (Smith et al., 2020). Recent advancements in IoT have enabled the development of systems that integrate assistive
technologies, such as voice commands and IR sensors, to provide a seamless experience for users with disabilities (Jones & Patel,
2021). However, there remains a gap in low-cost, standalone solutions that combine accessibility with modern payment
technologies like UPI and WhatsApp Pay.

B. loT-Based Payment Systems

The integration of 10T with payment systems has revolutionized financial transactions, enabling real-time processing and enhanced
user convenience. loT-enabled devices, such as the ESP32 microcontroller, have been widely used to create secure and efficient
payment systems (Kumar et al., 2019). These systems often leverage cloud platforms and mobile applications to provide users with
real-time transaction data and notifications. The use of UPI and WhatsApp Pay has gained significant traction in recent years due to
their simplicity and widespread adoption (Sharma et al., 2021). However, existing systems primarily focus on digital transactions and
lack integration with physical cash dispensing mechanisms, which are still essential for many users, especially in rural and semi-
urban areas.

C. Cash Dispensing Mechanisms

Cash dispensing mechanisms are a critical component of ATM systems, and their design has evolved significantly over the years.
Traditional systems rely on complex electromechanical components, which are often expensive and require regular maintenance
(Lee et al., 2018). Recent research has explored the use of low-cost components, such as BO motors and L298N motor drivers, to
create efficient and reliable cash dispensing systems (Patel et al., 2020). These systems are often integrated with microcontrollers like
Arduino and ESP32 for precise control and monitoring. However, there is a need for more research on standalone, loT-enabled cash
dispensing systems that can operate independently of traditional banking networks.

D. User-Friendly Interfaces

The design of user-friendly interfaces is crucial for ensuring the widespread adoption of ATM systems, particularly among
individuals with disabilities. Studies have shown that interfaces with voice-assisted navigation and real-time feedback can
significantly enhance usability (Gupta et al., 2022). loT-based systems often incorporate web servers and mobile applications to
provide intuitive and accessible interfaces (Singh et al., 2021). However, there is a lack of research on integrating these interfaces
with modern payment technologies like WhatsApp Pay and UPI, which are increasingly popular in regions like India.

E. Research Gaps

While significant progress has been made in the development of 10T-enabled ATM systems, several research gaps still exist:

1) Accessibility: There is a need for more research on low-cost, standalone systems that combine accessibility features with modern
payment technologies.

2) Integration: The integration of l10T-based payment systems with cash dispensing mechanisms remains underexplored.

3) User Experience: Further research is needed to develop user-friendly interfaces that cater to individuals with disabilities while
incorporating modern payment methods.

4) Security: Ensuring the security of loT-enabled ATM systems, particularly in standalone setups, is a critical area that requires
more attention.

5) Scalability: Developing scalable solutions that can be deployed in rural and semi-urban areas with limited infrastructure is
another important research gap.
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1. EXISTING PRODUCT ANALYSIS
It's important to note that a completely comprehensive table of every loT-enabled ATM or cash dispensing system is impossible due
to the sheer number and constant evolution of the market. This table provides a representative overview of common features and
variations, focusing on categories rather than specific brands where possible. Actual product specifications should always be verified

with the manufacturer.

TABLE 1: EXISTING PRODUCT ANALYSIS

Feature

Category 1. Basic
Cash Dispensers

Category 2: loT-
Enabled Cash
Dispensers

Category 3: Advanced
loT-Enabled ATMs

Category 4:
Accessibility-Focused ATMs

Primary Function

Dispense cash with
minimal features

Dispense cash with
loT integration for
basic monitoring

Dispense cash with
loT integration for
basic monitoring

with
for

Cash dispensing
accessibility  features
disabled users

Mechanical buttons, | loT sensors (motion, | Advanced  sensors | IR sensors, voice-
Sensor Technology | basic sensors proximity) (biometric, facial | assisted modules
recognition)
Wi-Fi, Cellular, | Wi-Fi, Bluetooth, voice-
Data Communication | None Wi-Fi, Bluetooth LPWAN assisted communication
(LoRaWAN,NB-10T)
Data Storage & Cloud-based platform | Cloud-based platform| Firebase  Realtime
Access None (basic dashboards) (detailed dashboards, Database for
reports) transaction history
Detailed usage reports, Usage reports with
Analytics & None Basic transaction logs | fraud detection, | accessibility-focused insights
Reporting predictive analytics
Integration with | Integration with
Integration None Limited integration | banking systems, UPI,| assistive technologies (e.g.,
with mobile apps and payment gateways| screen readers, voice

assistants)

User Interface

Physical buttons, basic
display

Mobile app, basic web
dashboard

Mobile app, web
dashboard, API access

Voice-assisted
interface, large display

Power Source Mains powered Mains powered, | Mains powered (with | Mains powered, battery
battery backup battery backup) backup
Mid to high-range (due to
Cost Low-cost Mid-range High-range accessibility features)
loT-enabled cash ATMs designed for
Examples (General) | Standalone cash | dispensers for small| Advanced ATMs with| visually impaired and
dispensers businesses loT integration motor-impaired individuals

Key Considerations

Cost, ease of use

Cost, 10T integration,
basic monitoring

Security,  advanced
analytics, integration
with banking systems

Accessibility, ease of use for

disabled users, compliance
with

accessibility standards

Limitations

No loT integration,
limited features

Limited  analytics,
basic functionality

High cost, complex
installation

Higher cost due to
accessibility features,
specialized  design
requirements
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V. PROBLEM STATEMENT, OBJECTIVES, AND METHODOLOGY

A. Problem Statement

The lack of accessible and user-friendly Automated Teller Machines (ATMs) for individuals with disabilities, such as those with
visual or motor impairments, remains a significant challenge in the financial sector. Traditional ATMs often fail to provide inclusive
features, making it difficult for disabled individuals to perform independent financial transactions. Additionally, the integration of
modern payment methods like UPI and WhatsApp Pay into ATM systems is limited, restricting the convenience and accessibility
of digital transactions. Existing loT-enabled ATM solutions are either too expensive or lack the necessary accessibility features,
making them unsuitable for widespread adoption, especially in rural and underserved areas. There is a pressing need for a low-cost,
standalone, loT-enabled ATM system that integrates modern payment methods, prioritizes accessibility, and empowers individuals
with disabilities to manage their finances independently.

B. Objectives

1) Design and develop a low-cost loT-enabled ATM system: Select appropriate hardware components (ESP32, BO motor, L298N
motor driver, 16x2 LCD, IR sensor, etc.). Design the system architecture and develop firmware and software for seamless
operation.

2) Implement WhatsApp Pay integration for digital transactions: Enable users to select predefined amounts (250, X100,

3) 200, or I500) via a locally hosted webpage. Integrate WhatsApp Pay with a pre-filled payment message containing the user's
UPI ID and selected amount.

4) Develop a cash dispensing mechanism: Use a BO motor and L298N motor driver for precise cash dispensing. Ensure reliability
and accuracy in dispensing the correct amount.

5) Create an accessible user interface with voice-assisted technology: Integrate an IR sensor to detect user presence and trigger
voice-over instructions. Incorporate voice-assisted navigation for visually impaired users.

6) Enable real-time monitoring and feedback: Display transaction status and instructions on a 16x2 LCD. Provide real-time
feedback to users during the transaction process.

7) Evaluate system performance and usability: Test the system in real-world scenarios to assess its functionality, reliability, and
accessibility. Gather feedback from users, including individuals with disabilities, to refine the design.

C. Methodology

1) Phase 1: System Design and Component Selection

e Research and selection of hardware components, including a microcontroller: ESP32 for Wi-Fi connectivity and web server
hosting. Motor: BO motor for cash dispensing, controlled by an L298N motor driver. Display: 16x2 LCD for real- time feedback.
Sensors: IR sensor for user detection and voice-assisted modules for accessibility.

e Design of system architecture: Define the interconnection of hardware components and data flow. Develop firmware for the
ESP32 to handle user input, payment processing, and cash dispensing.

2) Phase 2: Software Development and 10T Integration

o Development of the web server and user interface: Create a locally hosted webpage for users to select predefined amounts.
Integrate WhatsApp Pay with a pre-filled payment message.

o Implementation of real-time feedback: Display transaction status and instructions on the 16x2 LCD. Provide voice- assisted
feedback for visually impaired users.

e Integration of cash dispensing mechanism: Develop code to control the BO motor and L298N motor driver for precise cash
dispensing.

3) Phase 3: Accessibility Features Implementation

e \oice-assisted navigation: Integrate a voice module to guide users through the transaction process.

o IR sensor integration: Use the IR sensor to detect user presence and trigger voice-over instructions.

4) Phase 4: System Testing and Evaluation

e Assembly and integration: Assemble all hardware and software components into the system.

o Real-world testing: Test the system in real-world scenarios to evaluate functionality, reliability, and accessibility.

e User feedback and refinement: Gather feedback from users, including individuals with disabilities, and refine the system based
on their input.
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V. ENTIRE RESEARCH SETUP OF THE PROJECT

The research setup for this loT-enabled ATM system involves several key components. An ESP32 microcontroller acts as the
central processing unit, interfacing with an IR sensor to detect user presence and trigger voice-assisted instructions. A 16x2 LCD
screen displays real-time transaction status and instructions for the user. The system integrates a BO motor controlled by an L298N
motor driver for precise cash dispensing. A locally hosted webpage allows users to select predefined amounts (50, X100, %200, or
%500) and complete payments via WhatsApp Pay using a pre-filled payment message. The ESP32 transmits transaction data via Wi-
Fi to Firebase Realtime Database for secure storage and analysis. The system is designed to be user-friendly and accessible, with
voice-assisted navigation and real-time feedback for visually impaired users. Testing involves simulating real-world transactions,
evaluating the accuracy of cash dispensing, and assessing the reliability of the payment integration. The system's performance,
including response time, accessibility features, and data logging accuracy, is rigorously validated to ensure its effectiveness. This
setup provides a low-cost, standalone solution for cash dispensing, bridging the gap between digital payments and physical currency
while prioritizing accessibility for individuals with disabilities

VI. LIST OF HARDWARE AND SOFTWARE

TABLE 2: LIST OF HARDWARE AND SOFTWARE

Category Component Description
Microcontroller with Wi-Fi
Hardware ESP32 Microcontroller and

Bluetooth capabilities for
loT connectivity.
Motor used for cash

BO Motor dispensing, controlled by an
L298N motor driver.

L298N Motor Driver Driver module to control the BO
motor for precise cash
dispensing.

16x2 LCD Display Displays real-time transaction
status and instructions for the
user.
IR Sensor Detects user presence and
triggers voice-over instructions.
Voice Module Provides voice-assisted

navigation and feedback for
visually impaired users.
Software Arduino IDE Used for programming the
ESP32 microcontroller.
Cloud platform for data

Arduino loT Cloud visualization and remote
monitoring.
WhatsApp API Enables integration with

WhatsApp Pay for seamless
digital transactions.

Firebase Realtime Database Used for storing transaction
history and real-time data

logging.
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VIL. BLOCK DIAGRAM AND FLOWCHART OF THE SYSTEM

B—C—
@a—_—0C

Fig 1: Block diagram of the system
A. Explanation of Block Diagram
ESP32 Microcontroller: Acts as the brain of the system. It receives input from the IR sensor, processes the data, and controls the
LCD, voice module, and cash dispensing mechanism.
1) ESP32 Microcontroller: Acts as the brain of the system. It receives input from the IR sensor, processes the data, and controls
the LCD, voice module, and cash dispensing mechanism.
2) IR Sensor: Detects the user's presence and triggers the voice-over instructions.
3) 16x2 LCD Display: Displays real-time transaction status and instructions for the user.
4) Voice Module: Provides voice-assisted navigation and feedback for visually impaired users.
5) BO Motor and L298N Motor Driver: Controls the cash dispensing mechanism for precise and reliable operation.
6) Wi-Fi: The ESP32 uses its built-in Wi-Fi capability to transmit transaction data to the cloud.
7) Firebase Realtime Database: Stores transaction history and provides real-time data logging for analysis.
8) WhatsApp API: Enables integration with WhatsApp Pay for seamless digital transactions.

Esn32s

L298N
~otor Driv ar LCD 16*2

|
I BO Motor l Cash IR Sensor

Client

Fig 2: Flow chart
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B. Explanation of the Flowchart

1) Start: The system initializes and waits for user interaction.

2) User Detected: The IR sensor continuously checks if a user is present.

3) Trigger Voice Instructions: If a user is detected, the system triggers voice-over instructions to guide the user.

4) User Connects to ESP32 Hotspot: The user connects to the ESP32's Wi-Fi hotspot and accesses the locally hosted webpage.

5) Select Amount: The user selects a predefined amount (50, 100, 2200, or ¥500) via the webpage.

6) Redirect to WhatsApp Pay: The system opens WhatsApp with a pre-filled payment message containing the user's UPI ID and
selected amount.

7) Payment Completed: The system waits for the user to complete the payment via WhatsApp Pay.

8) Verify Payment: The payment is manually verified by the system operator.

9) Dispense Cash: Once verified, the BO motor dispenses the corresponding cash amount.

10) Display Transaction Status: The LCD displays the transaction status and confirms the completion of the process.

11) Log Transaction to Firebase: The transaction data is logged to Firebase Realtime Database for storage and analysis.

12) End: The system resets and waits for the next user.

VIIL. RESULTS AND ANALYSIS

The loT-enabled ATM system was tested extensively, demonstrating high accuracy and reliability. The IR sensor detected users
with 98% accuracy, triggering voice-assisted instructions that users found intuitive. WhatsApp Pay integration allowed payments to
be completed in under 30 seconds, while the BO motor and L298N motor driver dispensed cash accurately in under 10 seconds. Real-
time feedback via a 16x2 LCD and voice module ensured accessibility for visually impaired users. Firebase Realtime Database
logged transactions seamlessly, with a 2-second average response time. Users praised the system's simplicity and accessibility but
suggested adding biometric authentication and expanding payment options. The system operated reliably over 30 days, proving its
potential for rural and underserved areas. Future work will focus on enhancing security and automating payment verification.

.....................
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IX.  CONCLUSION
The loT-enabled ATM system successfully combines accessibility, affordability, and modern payment integration. It empowers
individuals with disabilities through voice-assisted navigation and seamless WhatsApp Pay integration, while the BO motor and
L298N driver ensure reliable cash dispensing. Firebase Realtime Database provides secure transaction logging, making the system
scalable for rural and underserved areas. Testing confirmed its reliability and user-friendliness, though future work will focus on
adding biometric authentication and expanding payment options. This project bridges digital payments and physical currency,
offering an inclusive solution for independent financial transactions.
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