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Abstract

“Automatic Medicine Dispenser Using QR Code” revolutionizes healthcare service delivery by
minimizing queue-related inconveniences. Our project created a vending machine using QR code
technology in response to the evolving healthcare and technological landscape. The system is powered
by an Arduino Mega 2560 and includes key components like a DC gear motor, L298N motor driver,
infrared sensor, HCO05 Bluetooth module, and a 12 V power supply for drug delivery. The project
comprises two teams, each dedicated to software and hardware development. On the software front,
one system manages the medicine vending machine (MVM) while the other generates doctor-prescribed
QR codes. Hardware components include Arduino Mega 2560, motors, IR sensors, Bluetooth modules,
and more, facilitating precise medicine dispensing. Beyond conventional automation, the project
tackles medicine unavailability. When prescribed medicine is out of stock, the system promptly notifies
the doctor. This real-time communication ensures that patients receive timely care, with doctors
offering alternatives or new prescriptions. Challenges encompass handling diverse medicines,
suggesting generics, managing inventory, and onboarding doctors. The project embodies a paradigm
shift in healthcare, combining efficiency with patient-centric care.

Keywords: Arduino Mega, l1oT, vending machines, QR code, smart health technology, wireless sensors,
microcontrollers

INTRODUCTION

In response to the changing healthcare and technology landscape, our project developed a vending
machine using the QR code technology. The system is powered by an Arduino Mega 2560 with
important components, such as a DC gear motor, an L298N motor driver, an infrared sensor, an HC05
Bluetooth module, and a 12 V power supply for drug delivery. The design uses a spring and a motor-
mounted wheel to ensure accurate and reliable
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dispensing. The integration of infrared sensors increases
user safety by detecting problems during delivery.

To trigger the automatic dispensing process,
users need only scan the QR code associated with
the drug. Ensuring public health relies heavily on
accessible health care and effective medication
management. However, obstacles, such as
medication errors, failure to follow prescribed
treatments, and insufficient systems in remote or
understaffed areas, often impede effective
healthcare delivery. Advances in technology
provide a practical solution to these challenges by
automating the dispensing of medications.
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This study presents the development of a Medicine Dispensing Machine that integrates Raspberry Pi
and Arduino controllers. The system takes advantage of the processing power of Raspberry Pi and
Arduino’s real-time control capabilities to offer a cost-effective and user-friendly approach to
automated medication distribution. The key features of the design include precise dispensing, dosage
scheduling, user authentication, and remote monitoring [1-11].

Implementing such a system has the potential to minimize human errors, enhance pharmacy
efficiency, and promote adherence to prescribed medications, especially in underserved or resource-
constrained areas. This paper discusses the design, development, and operation of the system,
emphasizing the seamless integration of hardware and software to create a reliable and effective solution.

The Intelligent Medicine Dispensing System (IMDS) represents a significant advancement in the way
healthcare facilities manage medication dispensing and administration. By leveraging cutting-edge
technologies such as artificial intelligence, robotics, and machine learning, IMDS enhances the efficiency
and accuracy of medication distribution, ultimately improving patient safety and care outcomes. These
systems are designed to reduce human error, streamline workflows, and ensure that patients receive the
correct medications at the right time, thereby decreasing the likelihood of adverse drug events [12-24].

One of the key features of IMDS is its ability to be integrated with electronic health records (EHRS),
allowing for real-time updates and tracking of patient medication histories. This integration ensures that
healthcare providers have immediate access to critical information about a patient’s allergies, current
medications, and treatment plans. Additionally, the intelligent algorithms within the system can monitor
medication inventory levels, alert staff when supplies are low, and even automatically reorder
medications, when necessary, thereby preventing stockouts and ensuring that patients have uninterrupted
access to their prescribed therapies.

Furthermore, IMDS improves the patient’s experience by enabling more personalized medication
regimens. By analyzing data across patient populations, these systems can facilitate adherence programs
that remind patients of when to take their medications, provide dosage instructions, and send alerts for
follow-up appointments. This level of engagement is essential in chronic disease management, in which
adherence to treatment protocols is crucial for maintaining health outcomes. As healthcare moves
towards a more patient-centered approach, the IMDS provides a robust solution that not only enhances
operational efficiency but also empowers patients to take an active role in their healthcare journey.

The IMDS is transforming the landscape of medication management into healthcare facilities. IMDS
is pivotal for enhancing patient safety and health outcomes by improving accuracy, reducing errors, and
promoting adherence. As technology continues to evolve, the integration of intelligent medication
systems will be crucial in meeting the demands of modern healthcare, ultimately leading to a more
efficient, effective, and patient-centered care model [25-36].

The landscape of healthcare is continually evolving, driven by advancements in technology and the
relentless pursuit of improved patient outcomes. One of the significant innovations in reshaping industry
is the IMDS. These sophisticated systems are designed to streamline medication management, enhance
patient safety, and optimize the overall efficiency of healthcare facilities.

Medication errors are a serious concern in healthcare, contributing to adverse patient outcomes and
increased healthcare costs. According to the World Health Organization (WHQ), medication errors
affect one in ten patients worldwide, leading to serious injury or even death. In an era in which patient
safety is paramount, the need for a reliable, accurate, and intelligent system for medication dispensing
has never been more critical.

An IMDS integrates advanced technologies such as artificial intelligence (Al), machine learning,
robotics, and the Internet of Things (loT) to automate and manage the complex processes involved in
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medication dispensing. These systems can be used in various healthcare settings including hospitals,
outpatient clinics, and long-term care facilities.

The following are the key features of IMDS:

1. Automated dispensing: The IMDS automates the dispensing process, reducing the likelihood of
human error associated with manual medication distribution. This automation includes accurate
dose measurement and inventory management.

2. Real-time monitoring: The system provides real-time monitoring of medication inventory levels,
allowing healthcare providers to replenish stocks as needed and avoid shortages or outdated
medications.

3. Patient-specific dosing: Patients often have unique medication needs based on their medical
histories and treatment plans. IMDS can be programmed to tailor medication dispensing to
individual patient requirements to ensure personalized care.

4. Barcode and RFID technology: Many IMDS utilize barcode scanning and RFID technology to
verify medication administration, ensuring that the patient receives the right medication at the
right time.

5. Data analytics: The collected data can be analyzed to identify trends in medication usage,
adherence patterns, and potential areas for improvement in medication management.

Benefits of implementing IMDS:

1. Enhanced patient safety: By minimizing human error and ensuring accuracy in medication
dispensing, IMDS significantly enhances patient safety. Real-time alerts for potential drug
interactions or allergies will further contribute to safer medication processes.

2. Increased efficiency: Automation of the dispensing process saves time for healthcare
professionals, allowing them to spend more time on patient care. This increased efficiency can
lead to enhanced productivity in healthcare facilities.

3. Improved compliance: Adherence to medication regimens is crucial for treatment efficacy. With
automated reminders and monitoring features, IMDS can help improve patient compliance by
ensuring that patients receive prescribed medications.

4. Cost reduction: While initial investment in an IMDS may be significant, long-term savings can
be substantial. Reduced medication errors, improved inventory management, and enhanced
efficiency contribute to lower operational costs.

Healthcare facilities around the globe are beginning to recognize the myriad benefits of IMDSs. For
example, hospitals are implementing IMDS at various points of care, from pharmacies to bedside
administration. In outpatient settings, clinics have adopted these systems to manage prescriptions
efficiently, improving access to necessary medications for patients.

Several organizations have reported notable success in adopting IMDS technology. For instance, a
study conducted in a large urban hospital found that implementing IMDS reduced medication errors by
nearly 50%. Additionally, patient satisfaction scores regarding medication access and management
showed marked improvement [37-42].

As technology continues to evolve, the future of intelligent medicine dispensing systems is bright.
Innovations such as Al-driven predictive analytics, integration with EHRs, and enhanced patient
engagement are on the horizon. These advancements will further enhance the capabilities of IMDS and
solidify their role as indispensable tools in modern healthcare [43, 44].

The Intelligent Medicine Dispensing System is transforming medication management into healthcare
facilities. With its emphasis on patient safety, efficiency, and personalized care, IMDS is not just a
technological advancement; it is a critical step toward revolutionizing patient care and optimizing
healthcare delivery. As more facilities implement these systems, the vision of an error-free, patient-
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centered healthcare system becomes more attainable, making IMDS an essential component of the
future of medicine.

This report describes the design, implementation, and potential use of our new system for improving
medication utilization and clinical efficiency. The goal of the project was to eliminate the long and
stressful queues in hospitals and pharmacies. This study focused on the development and
implementation of an automated medicine dispensing system that uses a combination of Raspberry Pi
and Arduino microcontroller technologies. These open-source platforms offer a low-cost and flexible
solution for automating the dispensing of medications. Raspberry Pi acts as the central control hub,
managing tasks such as user interaction, system monitoring, and network connectivity. Meanwhile, the
Arduino microcontroller handles physical operations, including controlling motors, sensors, and
compartments that store medications.

Objective

The main objective of this system is to automate the medication dispensing process in a precise and
secure manner, ensuring that patients receive the correct medications and dosages with minimal human
involvement. By leveraging the adaptability and functionality of Raspberry Pi and Arduino, this system
is scalable, easy to implement, and can be customized for use in various healthcare settings. This paper
discusses the design aspects, technical challenges, and potential advantages of deploying such a system
in real-world healthcare environments, with an emphasis on improving the safety and efficiency of the
medication dispensing process. The layout of the system is illustrated in Figure 1.
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Figure 2. (a)-(f) Software and app implementation.

Implementation of software: Proteus and Firebase software are mainly used in developing automatic
dispensing systems. The implementation of app windows is shown in Figures 2(a)—(f), whereas the real-
time database window is shown in Figures 3(a) and (b).

V7 - v Wi T pee—— 3. TR e VB S pee——"y 3 %

vvvvv

Authentication

@ e = | (o)
Figure 3. (a) and (b) Real-time database.

Components
1. The Arduino Mega 2560 is a highly capable and flexible microcontroller board that uses an

ATmega2560 chip, as shown in Figure 4. As part of the Arduino family, it is specifically designed

for projects that require more 1/O pins, larger memory capacity, or greater functionality than

smaller boards, such as the Arduino Uno.

Key features

e Microcontroller: The ATmega2560 offers impressive processing power for handling
complex tasks.

e 1/O Pins: This board includes 54 digital 1/O pins, with 15 capable of generating Pulse Width
Modulation (PWM) outputs, and 16 analog input pins, ideal for connecting sensors and
gathering data.
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Figure 4. Arduino Mega 2560.

The Arduino Mega 2560 is perfect for projects that need to handle multiple sensors, actuators,
or complex calculations, owing to its abundance of I/O pins and memory. Furthermore, the
Arduino Integrated Development Environment (IDE) offers a straightforward platform for
programming, making it suitable for users of all skill levels from beginners to experts.

Overall, Arduino Mega 2560 is a dependable and easy-to-use option for projects that require
more resources than smaller boards.

2. L298N as shown in Figure 5. is a widely used motor-driver IC designed to control DC motors,
stepper motors, and other inductive loads. It is capable of driving motors in both directions,
making it particularly useful for applications that require bidirectional control, such as robotics
and automation systems.

Key features

e Dual H-bridge design: The L298N includes two H-bridge circuits, which allow it to control
two DC motors at the same time or one stepper motor. This design enables the motor to rotate
in both the forward and reverse directions.

e Voltage and current ratings: The IC operates with a motor supply voltage ranging from 4.5V
to 46V and can handle up to 2A of continuous current per channel, making it suitable for
medium-power motors.

e Motor speed control: The L298N supports motor speed control through PWM, providing
smooth and efficient motor operation.

e Protection features: It comes with built-in safeguards, including thermal shutdown to prevent
overheating and overcurrent protection to protect both the IC and the connected motors.

e User-friendly: The L298N module is designed with convenient pins to connect external
power supplies, motors, and control signals, making it easy for both beginners and
experienced users to work with.

Flgure 5. L298N motor driver.
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Figure 6. HC-05 Bluetooth.

Overall, L298N is a versatile and reliable motor driver that is suitable for various electronic
and robotics projects requiring motor control.

3. HC-05 Bluetooth as shown in Figure 6. The module is a widely used and adaptable component
that is designed to facilitate wireless communication between microcontrollers and Bluetooth-
enabled devices. It iscommonly utilized in various electronic projects, particularly for connecting
devices such as smartphones, tablets, and computers to microcontrollers such as Arduino,
enabling data exchange or remote-control functionalities.

Key features

e Bluetooth version: HC-05 operates on Bluetooth 2.0, offering stable connectivity for short-
range communication, typically up to 100 m.

e Master/slave modes: This module can operate in either the master or slave mode. In the
master mode, it can establish connections with other Bluetooth devices, whereas in the slave
mode, it waits to accept incoming connections.

o Simple communication: It uses a Universal Asynchronous Receiver-Transmitter (UART)
serial interface, making it easy to link with microcontrollers, such as Arduino, for data
transmission and reception.

e Versatile applications: HC-05 is useful for various applications including wireless data
transfer, remote control of robotic systems, wireless sensor networks, and home automation.

o Power requirements: The module typically runs from 3.3 V to 5 V, ensuring compatibility
with most microcontrollers, including Arduino boards.

Overall, the HC-05 Bluetooth module is favored owing to its flexibility, ease of use, and
suitability for numerous wireless communication tasks.

METHODOLOGY
Step 1: Prescription Generation
1. Doctor Generates Prescription: The process begins when a doctor generates a prescription for a
patient using specialized software. This prescription includes essential patient information,
medical instructions, and details of medications required.

Step 2: Prescription QR Code
1. QR Code Generation: The software generates a unique QR code based on information within the
prescription. A QR code acts as a digital representation of prescriptions.

Step 3: Scanning the Prescription
1. The patient approaches the automatic medicine bending machine (MVVM), which is equipped
with a scanner and user interface.
2. QR code scanning: The patient scans the QR code using the scanning interface of the medicine
vending machine (MVM).
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Step 4: Data Processing
1. QR code interpretation: The MVVM software processes the scanned QR code and extracts all the
data encoded within it.
2. Medication identification: The software identifies the prescribed medications, their quantities,
and any specific instructions.

Step 5: Medicine Selection
1. User interaction: The user interface of the medicine-vending machine prompts the patient to
confirm the selection. The patient verified the list of medications to be dispensed.
2. Confirmation and dispensing: Once the patient confirms, the MVM software activates the
dispensing process.

Step 6: Dispensing Medications
1. The hardware components of the medicine-ending machine, including motors and sensors, are
engaged.
2. Medication rotation: The motors rotate a spiral mechanism that holds the medications. Rotation
of the spiral dispenses the required medications into the collection area.

Step 7: Medication Collection
1. Collection point: The dispensed medications are collected by the patient from a designated
collection point within the medicine-vending machine.

Step 8: Completion
1. Notification: The MVM software sends a completion notification to the patient and records the
transaction.

Step 9: Inventory Management
1. Inventory Tracking: The system updates the inventory of available medications to maintain stock
levels.

WORKING

The project workflow begins when a user scans the QR code associated with a specific drug on the
vending machine. The QR code triggers the Arduino Mega 2560, which acts as the brain of the system.
The Arduino processes information and activates the DC gear motor, controlled by the L298N motor
driver, to initiate the dispensing mechanism. A circuit Diagram is shown in Figure 7.

As the motor starts, integrated infrared sensors play a crucial role in ensuring safe and reliable
delivery of medication. These sensors constantly monitor the dispensing process and detect anomalies
or issues, thereby enhancing user safety. If a problem is detected, the system can halt the process and
alert the users or administrators. The dispensing mechanism relies on a spring and a motor-mounted
wheel, providing accuracy and reliability in delivering the prescribed medication. The HCO5 Bluetooth
module facilitates communication and connectivity, allowing for seamless interaction between the
user’s scanning action and dispensing process. The entire system is powered by a 12V power supply,
ensuring sufficient energy to drive the components effectively. The first step in designing a website
interface is to create a digital prototype, which is often performed using Figma. Figma enables the
translation of concepts into interactive prototypes, allowing the structuring of screens, the addition of
design elements, and the simulation of user interactions. For the front-end, essential technologies
include HTML for structure, CSS for presentation and layout, and JavaScript for interactivity.
This innovative solution aims to streamline medication dispensing, reduce queues, and enhance
clinical efficiency for a user-friendly healthcare experience. A flowchart of the information flow is
shown in Figure 8.
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CONCLUSION

In conclusion, the QR code-enabled medication dispensing system, powered by the Arduino Mega
2560, represents a significant leap forward in healthcare technology. By seamlessly integrating
components, such as DC gear motors, L298N motor drivers, infrared sensors, and the HCO05 Bluetooth
module. It is an efficient and user-friendly solution for alleviating the challenges of long queues in
hospitals and pharmacies. The design’s reliance on a spring and motor-mounted wheel ensures precise
and reliable medication delivery, whereas the integration of infrared sensors enhances user safety by
promptly detecting and addressing any issues during the dispensing process.

Drawback

Technical Issues and Reliability: Software or hardware malfunctions can disrupt services. - Network
Dependence Requires stable Internet connectivity, which may not be available in all areas. QR Code
Scanning Issues: Poor QR code quality or scanner malfunction can prevent dispensing. Security and
privacy concerns data reach: Digital prescriptions and personal health information can be vulnerable to
hacking. Misuse of Information: Unauthorized access to sensitive patient data; Accessibility Issues:
Elderly and Technologically Challenged Users: Some patients might struggle with using QR codes and
digital interfaces. Physical Accessibility Machines may not be accessible to disabled individuals.
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