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Abstract: This project is dedicated to developing a Smart Medication Alert System utilizing Arduino and a
variety of hardware components designed to improve medication adherence, particularly for individuals
with disabilities. The system combines visual, auditory, and display-based notifications through LEDs, a
buzzer, and an LCD screen, making it accessible to users with visual impairments or those managing
complex medication schedules. With real-time tracking and user-specific reminders, the system will prompt
users about scheduled medication times, notify them of missed doses, and provide dosage instructions if
necessary. By streamlining the medication-taking process and reducing the risk of missed doses or errors,
this system aims to foster greater independence, enhance the user's quality of life, and ultimately support
improved health outcomes for those requiring regular medications.
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L. INTRODUCTION

1.1 BACKGROUND OF STUDY

The advancement of Internet of Things (IoT) technology has opened up new possibilities for improving the quality of
life for individuals with disabilities. Assistive technologies leveraging IoT offer innovative solutions to address the
challenges faced by people with various disabilities, including visual impairment and complex medication routines.the
development of an IoT-based assistive technology system for dispensing medication and providing timely alerts
represents a significant step towards enhancing independence and health management for individuals with disabilities.
The development of an IoT-assistive technology system for medication management holds significant implications for
individuals with disabilities and healthcare professionals. By addressing the unique challenges faced by individuals
with visual impairments and complex medication routines, the proposed system has the potential to promote medication
adherence, reduce medication errors, and enhance overall health outcomes. The technology also increases efficiency in
medicine treatment plans to patients. The IOT assistive technology not only caters to the disabled but it can also be
utilized by sick people how cannot be able to adhere to treatment plans by themselves.

1.2 OBJECTIVES
These objectives serve as the project's guiding principles, driving the development of an innovative solution aimed at
efficiently aiding medical care centers with the appropriate solution when it comes to medicine dispensing.

1.2.1 Accessibility and Usability Enhancement

Enhance accessibility for individuals with disabilities, particularly those with visual impairments, through inclusive
design principles and adaptive interfaces. The project is designed to make it easy to access medication, using timely
alerts to notify the user on the appropriate time to take medication and also the appropriate amount of medication to
take.

1.2.2 Integration of Medication Dispensing Mechanism
Another core Objective is to integrate the system with medication dispensing system. The core aspect of this project is
to provide an easy way for patients to access and use their medication or dosages and prescribed by the health
professionals. The medication is fed into the machine and during the right time the appropriate amount of medication is
dispensed and an alarm is rang to notify the patient that its time to take their medication. P
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1.2.3 Real-Time Patient Monitoring

One of the fundamental Objectives of this is real time patient monitoring. Making sure that the patient takes the
appropriate dosage of medication and on time as well. This will provide a certain level of independency as the patients
don’t have to be observed 24/7 by guardians. Which not only saves time but also resources.

1.2.4 Data Monitoring and Reporting Capabilities

Incorporate data monitoring capabilities to track medication adherence, dosage history, and user interactions with the
assistive technology system. Generate comprehensive reports and analytics to facilitate healthcare management and
inform decision-making for users, caregivers, and healthcare professionals. This analysis not only helps the patients but
also the health professionals know how much a patient is improving through self-care.

1.2.5 Evaluation of Effectiveness

Another objective is to conduct rigorous evaluation studies to assess the effectiveness of the IoT-assistive technology
system in improving medication adherence, health outcomes, and quality of life for individuals with disabilities.
Collection of user feedback and insights to identify areas for improvement and refine the system based on real-world
usage scenarios aids on technological growth in the health care department.

1.2 SYSTEM DESCIPTION

This section provides an in-depth exploration of the technical framework of the IOT assistive technology for people
with disabilities, defining the complexities of its system architecture, elucidating how its core components interact
seamlessly to deliver a robust user experience. The key components of this system include.

IoT-enabled Dispensing Device. The core component of the system is an loT-enabled medication dispensing device
equipped with precision-controlled actuators and sensors.The device accommodates various medication formats,
including pills and capsules medications, and can dispense specific dosages according to user-defined schedules.
Timely Alerts and Reminders. The system generates real-time alerts and reminders to notify users of upcoming
medication doses, scheduled doses, or missed doses.Alerts are delivered through audible cues, button feedback, and
customizable notifications tailored to individual preferences. These preferences include the type of disability faced by
the patient.

Data Monitoring and Reporting. The system incorporates data monitoring capabilities to track medication adherence,
dosage history, and user interactions.Comprehensive reports and analytics provide insights into medication compliance,
adherence trends, and potential barriers for usersand healthcare professionals.

Voice-Controlled Alerts. To ensure accessibility for individuals with disabilities, the system features a voice-alerts for
the visually impaired interface for intuitive interaction. The system provides a way to notify people who can see that the
scheduled time for their dosage is being dispensed and receive verbal confirmation and feedback.

1.3 LITERATURE REVIEW

In a comprehensive review of literature, Albert M. Cook and Janice Miller (2019) explored “Assistive Technology:
Principles and Practice”. This study provided an overview of assistive technology for individuals with disabilities
including medication management system. It provided the importance of using a user-centered approach to cater to
patients. The proposed system improves upon this by providing real time monitoring and IOT based mechanism to
provide independency to patients with disabilities.

Moving forward, Partha Patrim Sahu. (2020) delved into “Smart Healthcare for Disease Diagnosis and Prevention”.
This explored the role IOT and smart healthcare technology in aiding disease diagnosis and prevention. It however
failed to address how IOT can also be used to handle medication adherence by people with disabilities or patients in
general. The IOT based assistive system covers this through of this preexisting technology.

In a separate investigation, P. John Clarkson. (2021) explored “Designing Inclusive Systems: Designing for
Accessibility and Usability”. This book emphasized the importance of inclusive design principles in creating accessible

and usable systems for individuals with disabilities. It discusses strategies for accommodgmgiiyerse user needs and
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preferences including medication management. The IOT assistive system benefits from this work and includes a
inclusive design features and feedback systems.

Sudip Misra et al. (2022) examination on “Internet of Things (IoT) for healthcare: Smart Healthcare systems”, explores
the application of IoT in healthcare, including smart healthcare systems for patient management, including medicine
management. The insights from this finding serves a great role in aiding the proposed system to better cater towards
people with disabilities. The system enhances efficient user interaction and ensures seamless interaction between
healthcare professionals and people with disabilities.

Finally, Stephanie C. Pitts and Joshua A. Naliborski (2023) research on “Accessibility pharmacy: Promoting
Medication Adherence for People with Disabilities” focuses on promoting medication adherence among individuals
with disabilities through accessible pharmacy services which include medication. It highlights barriers to medication
management that this particular system aims to resolve. These problems include timely medication adherence by
patients which is resolved through use of alerts.

1.4 SUMMARY REVIEW

The IOT assistive medication management system empowers individuals with disabilities to take care of themselves
and provide independency. Key features include voice alerts for the visually impaired, adaptive interface and real time
tracking. These all work together to create an environment that people with disabilities can easily work with and take
care of their own health while also being efficient. The system enhances independence, improves adherence and fosters
peace of mind for caregivers.

II. SYSTEM ANALYSIS
2.1. INTRODUCTION
System analysis is a structured approach to understanding, defining and documenting the requirements and
characteristics of a system. Through comprehensive system analysis, we can be able to identified user requirements,
functional specifications, non-functional considerations, and technology components crucial to the successful
implementation of the IoT-assistive medication management system.
User Requirements Identified user needs include accessible medication dispensing, timely reminders, and intuitive
interaction for individuals with disabilities.
Functional Requirements The system must accurately dispense medications according to user-defined schedules.Real-
time alerts and reminders are crucial to notify users of upcoming doses and schedule changes.Data monitoring
capabilities enable tracking of medication adherence and dosage history for insights and intervention.
System Architecture. The system architecture comprises loT-enabled medication dispensing devices connected to a
central monitoring and management platform. Communication protocols facilitate real-time data exchange between
devices, users, and healthcare providers.

2.2. PROBLM DEFINITION

Many individuals with disabilities, particularly those with visual impairments and complex medication dosages, face
significant challenges in managing their medications independently. Traditional methods of medication organization
often rely on visual cues, making them inaccessible to individuals with impaired vision and other disabilities.
Additionally, complex medication routines with multiple medications and varied dosages further poses the challenge of
medication management for a lot of people.

2.2.1 ACCESSIBILITY BARRIER.
Existing medication management systems predominantly rely on visual cues, which are inaccessible to individuals with
visual impairments, limiting their ability to manage medications independently.
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2.2.2 COMPLEX MEDICATION REGIMENS.

Many individuals with disabilities, including those with chronic conditions or neurological disordershave complex
medication regimens involving multiple medications with varied dosages and schedules. Managing such regimens
accurately and consistently poses significant challenges.

2.2.2 DEPENDENCE ON CAREGIVERS.

Individuals with disabilities often rely on caregivers or family members for medication management support, limiting
their independence. This dependence can strain caregiver resources and hinder the individual's ability to engage in self-
care activities.

2.2.2 SECURITY CONCERNS.
Inaccurate medication administration, missed doses, or medication errors pose safety risks to individuals with
disabilities, particularly when managing complex medication regimens without adequate support or accessible tools.

2.3. EXISTING SYSTEMS

The current way of medication management systems for individuals with disabilities predominantly relies on manual
methods and traditional assistive devices. These existing systems often exhibit several limitations that hinder effective
medication management and accessibility for users with disabilities.

2.3.1 LIMITATIONS OF Current MEDICATION ADHERENCE TOOLS

2.3.1.1 Manual medication organization:

Many individuals with disabilities rely on manual methods, such as pill organizers and written schedules, to organize
and manage their medications. However, these methods often lack accessibility features and may require assistance
from caregivers for use.

2.3.1.2 Visual Dependencies:

Existing medication management systems heavily rely on visual cues, making them inaccessible to individuals with
visual impairments. Tasks such as reading medication labels, checking dosage instructions, and identifying medication
containers pose significant challenges for users with impaired vision.

2.3.1.3 Limited Adaptability

Traditional assistive devices, such as pill organizers and reminder alarms, lack adaptability to accommodate complex
medication dosages with multiple medications and specified schedules. Users with complex medication routines may
struggle to effectively organize and adhere to their prescribed medications.

2.3.1.3 Dependency on Caregivers and Guardians.

Many individuals with disabilities rely on caregivers or family members for assistance with medication management
tasks, limiting their independence to take care of themselves. The lack of accessible tools and technologies influences
dependency on caregivers for medication administration and adherence support.

2.3.1.3 Safety Concerns.

Inaccurate medication administration, missed doses, and medication errors pose safety risks to individuals with
disabilities. Lack of accessible medication management systems increases the likelihood of safety incidents and adverse
drug reactions.

2.4. FEASIBITY STUDY
A feasibility study has been conducted to evaluate the viability of implementing the project within the E-commerce
Sector or Field.

2.4.1. EXECUTIVE SUMMARY
The feasibility study assesses the viability and potential of developing an IoT-assistive medication management system
for individuals with disabilities. The project aims to address accessibility barriers, improvg tion adherence, and
enhance independence for users with visual impairments and complex medication regime(.ﬁ ISSN )
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2.4.2. FINDING AND RECOMMENDATIONS

A deep feasibility study indicated the following findings and recommendations of the project “Price comparison Al
with Web scraping expertise”.

Finding for technical feasibility. The project benefits from advancements in IoT technology, enabling the integration of
smart dispensing mechanisms, real-time alerts, and adaptive interfaces. Existing hardware and software components,
such as precision-controlled actuators and sensors support the development of the proposed system.

Recommendation. conduct in-depth research and development to improve upon the existing resources, addressing
compatibility issues, interoperability with existing systems, and optimization of voice-alert interaction.

Findings for Operation Feasibility. Operational considerations include system scalability, user training, technical
support, and maintenance requirements. Collaboration with individuals with disabilities, caregivers and healthcare
providersis crucial for system acceptance and adoption. Ongoing evaluation and feedback mechanisms are necessary to
address usability issues, optimize system performance, and ensure alignment with user needs and preferences.
Recommendation. Adopt an iterative development approach to prototype, test, and refine the system based on user
feedback and real-world usage scenarios. Establish key performance indicators and evaluation metrics to monitor
system effectiveness, usability, and user satisfaction throughout the development lifecycle.

2.5 PROPOSED SYSTEM

The proposed IoT-assistive medication management system is a comprehensive solution designed to empower
individuals with disabilities to effectively manage their medications independently. Leveraging Internet of Things (IoT)
technology, adaptive interfaces, and real-time monitoring capabilities, the system aims to address accessibility barriers,
improve medication adherence, and enhance overall health outcomes for users.

The core component of the system is an loT-enabled medication dispensing device equipped with precision-controlled
actuators and sensors.The device accommodates various medication formats, including pill and capsulesand dispenses
specific dosages according to user-defined schedules.

The system generates real-time alerts and reminders to notify users of upcoming medication doses, schedule doses, or
any missed doses.Alerts are delivered through audible cues, feedback, and customizable notifications tailored to
individual preferences and medicine regimes.

Comprehensive data monitoring capabilities track medication adherence, dosage history, and user interactions in real-
time.Analytical reports and insights provide valuable information for users, caregivers, and healthcare providers to
monitor medication compliance by the patient and identify adherence patterns to make informed decisions.

2.6. SYSTEM OBJECTIVE

2.6.1 ACCESSIBILITY AND USABILITY ENHANCEMENT

Enhance accessibility for individuals with disabilities, particularly those with visual impairments, through inclusive
design principles and adaptive interfaces. The project is designed to make it easy to access medication, using timely
alerts to notify the user on the appropriate time to take medication and also the appropriate amount of medication to
take.

2.6.2 INTEGRATION OF MEDICATION DISPENSING MECHANISM

Another core Objective is to integrate the system with medication dispensing system. The core aspect of this project is
to provide an easy way for patients to access and use their medication or dosages and prescribed by the health
professionals. The medication is fed into the machine and during the right time the appropriate amount of medication is
dispensed and an alarm is rang to notify the patient that its time to take their medication.

2.6.3 REAL-TIME PATIENT MONITORING

One of the fundamental Objectives of this is real time patient monitoring. Making sure that the patient takes the
appropriate dosage of medication and on time as well. This will provide a certain level of independency as the patients
don’t have to be observed 24/7 by guardians. Which not only saves time but also resources.

2.6.4 DATA MONITORING AND REPORTING CAPABILITIES

assistive technology system. Generate comprehensive reports and analytics to facilitatg*neaég@p @\ management and
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inform decision-making for users, caregivers, and healthcare professionals. This analysis not only helps the patients but
also the health professionals know how much a patient is improving through self-care.

2.6.5 EVALUATION OF EFFECTIVENESS

Another objective is to conduct rigorous evaluation studies to assess the effectiveness of the IoT-assistive technology
system in improving medication adherence, health outcomes, and quality of life for individuals with disabilities.
Collection of user feedback and insights to identify areas for improvement and refine the system based on real-world
usage scenarios aids on technological growth in the health care department.

2.7. SYSTEM SPECIFICATION

The successful implementation of the Project “IOT-Assistive Technology For Disabled People" system relies on a well-
defined set of specifications, that include hardware and software requirements.

2.7.1 HARDWARE REQUIREMENTS

The hardware structure of the system has been designed to accommodate the computational demands for the proposed
project.

2.7.1.1 IoT-enabled Medication Dispensing Device

Precision-controlled actuators and motors for dispensing medications accurately. Sensors for detecting medication
levels, container status, and environmental conditions. Microcontroller unit (MCU) or single-board computer (SBC) for
device control and data processing Or an Arduino circuit for processing the entire functions of the system.

2.7.1.2 Power Supply

Rechargeable battery or AC power adapter for powering the device. Backup power source (e.g., battery backup) to
ensure continuous operation during power outages or interruptions.

2.7.1.3 User Interface Components

Speakers for implementing voice alert module for voice-controlled interaction. Input controls, such as buttons or touch-
sensitive panels, for manual interaction for people with limited mobility or dexterity issues.

2.7.2. SOFTWARE REQUIREMENTS

The software stack of the system comprises of various tools, technologies, and platforms necessary for web scraping,
System integration, data analysis, and user interface development. Some of the software requirements are listed below.
2.7.2.1 Embedded Software for Device Control

Firmware or embedded software to control dispensing mechanisms, sensors, and user interface components. Real-time
operating system (RTOS) or microcontroller-based development platform for efficient resource management and task
scheduling.

2.7.2.2 User Interface Software

Graphical user interface (GUI) software for configuring settings, viewing medication schedules, and accessing system
features. Accessibility features, such as screen reader support and voice alert prompts, to accommodate users with
disabilities.

2.7.2.3 Data Management and Analytics

Database management system (DBMS) or data storage solution for storing medication schedules, user profiles, and
adherence data. Analytics software for processing and analyzing medication adherence procedures, generating reports,
and providing insights for users and healthcare providers.

II1. SYSTEM DESIGN
3.1 INTRODUCTION
System design of this project involves the process of conceptualizing, planning, and defining the architecture,
components, and functionalities of the IoT-assistive medication management system. It encompasses the translation of
user requirements and project objectives into a detailed blueprint that guides the development and implementation of
the system.Overall, system design plays a critical role in shaping the functionality, usability, and performance of the
IoT-assistive medication management system, ensuring that it effectively meets the f individuals with
disabilities and enhances their medication management experience. It includes a nun ¥\ features. System
Copyright to IJARSCT DOI: 10.48175/IJARSCT-22483 562
www.ijarsct.co.in

;g;a‘»‘:'ﬂﬁ




(/ IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
Impact Factor: 7.53 Volume 4, Issue 5, November 2024

Architecture, defining the overall structure of the system, including the arrangement of hardware components, software
modules, and communication protocols. This includes determining how the medication dispensing device works, user
interfaces, and remote monitoring platform interact with each other. Hardware Design, specifying the hardware
components required for the medication dispensing device, such as actuators, sensors, microcontrollers, and power
sources. This involves selecting appropriate hardware technologies and ensuring compatibility with the system's
functional requirements. Software Design, designing the software components of the system, including embedded
software for device control, user interface software for interaction with users, and Adaptive interfaces on the actual
medication dispensing device.Data Management and Security Design, establishing mechanisms for storing, processing,
and securing sensitive user data, such as medication schedules, dosage history, and personal health information.

3.2 SYSTEM ARCHITECTURE

The system architecture of the IoT-assistive medication management system consists of interconnected hardware and
software components designed to facilitate accurate medication dispensing, intuitive user interaction, and seamless
integration with existing healthcare systems. The architecture is structured to ensure accessibility, reliability, and
scalability while addressing the unique needs of individuals with disabilities.The system architecture of the IoT-
assistive medication management system is designed to provide a seamless, accessible, and user-centric experience for
individuals with disabilities. By integrating hardware and software components, communication infrastructure, and data
management platforms, the architecture facilitates accurate medication dispensing, personalized interaction, ultimately
improving medication adherence and enhancing overall health outcomes for users.

3.2.1 IOT-ENABLED MEDICATION DISPENSING DEVICE:

At the core of the architecture is the medication dispensing device, equipped with precision-controlled actuators,
sensors, and a microcontroller unit (MCU).The device is responsible for dispensing medications according to user-
defined schedules, detecting medication levels, and communicating with other system components.

3.2.2 USER INTERFACE COMPONENTS:

The system features intuitive user interfaces tailored to the needs of individuals with disabilities, including voice
feedback interaction, graphical user interfaces (GUIs), and adaptive interfaces. Voice feedback mechanism uses sound
cues in order to notify user on medication adherence, while GUI provide visual feedback and interaction options.

3.2.3 COMMUNICATION INFRASTRUCTURE:

A robust communication infrastructure enables seamless data exchange between system components and user
devices.Wireless communication protocols, such as Wi-Fi and Bluetooth Low Energy (BLE), facilitate local
connectivity between the medication dispensing device and user interfaces. Internet connectivity allows for remote
access, monitoring, and management of the system through a secure web software.

3.2.4 DATA MANAGEMENT AND ANALYTICS PLATFORM

A centralized data management and analytics platform collects, processes, and analyzes medication adherence data,
dosage history, and user interactions. The platform utilizes database management systems (DBMS) and cloud storage
solutions to store and organize data, enabling real-time monitoring and personalized healthcare interventions.

3.2.5 INTEGRATION INTERFACES

Integration interfaces facilitate interoperability with existing healthcare systems, electronic health records (EHRs), and
assistive technologies. Application programming interfaces (APIs), interoperability standards (e.g., HL7 FHIR), and
secure data exchange protocols enable seamless integration with healthcare workflows and assistive devices.
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Figure 3.1: System Architecture

3.3 USE CASE DIAGRAM

A use case diagram is a graphical representation of the interactions between actors (users or external systems) and a
system under consideration. It illustrates the various ways in which users interact with the system to accomplish
specific tasks or goals. Use case diagrams are essential in software development as they help visualize system
requirements, identify user needs, and clarify system functionality. In the context of the IoT-assistive medication
management system project, a use case diagram is crucial for understanding how different users (such as individuals
with disabilities, caregivers, and healthcare providers) interact with the system to manage medications effectively. It
helps identify user roles, define system features, and specify the interactions between users and the system, thereby
guiding the design and development process.

User Interface, this actor represents the various users (individuals with disabilities, caregivers, etc.) interacting with the
system through the user interface. They can request medication, adjust schedules, and receive reminders through the
system's user interface.

Medication Dispensing Device this actor represents the system's hardware component responsible for dispensing
medications and detecting medication levels. It interacts with users to dispense medications according to their requests
and provides feedback on medication levels.

Data Management and Analytics Platform, this represents the backend system responsible for storing medication
adherence data, analyzing adherence patterns, and generating insights. It interacts with the medication dispensing
device to store adherence data and provides analytics for users and healthcare providers.

Request
Medication

OIT dervice
User 5 5
Recieve auditory @
g Vedication reminder
=
O =—— O,

Adjust Medication
Schedule

Figure 3.2: Use Case Diagram
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3.4 DATA FLOW DIAGRAM

A Data Flow Diagram (DFD) is a visual representation of the flow of data within a system, illustrating how data moves
between processes, external entities, and data stores. It uses standardized symbols to depict the inputs, outputs,
processes, and data flows within the system. DFDs are crucial in software development as they help analysts and
stakeholders understand the data requirements, identify data transformations, and model the information flow within a
system. In the IoT-assistive medication management system project, a data flow diagram is essential for modeling the
flow of medication-related data within the system. It helps visualize how data is captured, processed, stored, and
exchanged between system components, users, and external entities. By mapping out the data flow, stakeholders can
identify potential bottlenecks, clarify data dependencies, and ensure the effective management of medication-related

information.
——— 0T Assistive Medication System
v
= A
m:ﬁgig ~ Medication Dispensing Device

.
|
\/

F'l— Y ; ) N
Data Management and
Analysation

User Actions

A 4

User Preference Database

Figure 3.3: Data Flow Diagram
User Interface, this external entity represents the user interface through which users interact with the system. Users
input medication requests, adjust schedules, and receive reminders through the interface.
User Actions, this process represents the actions performed by users through the user interface. These actions include
requesting medication, adjusting schedules, and acknowledging reminders.
Medication Dispensing Device, this process represents the hardware component responsible for dispensing medications
based on user requests received through the user interface. It communicates with the user interface to receive
medication requests and provide feedback on dispensing status.
Data Management and Analytics Platform, this process represents the backend system responsible for storing
medication-related data, such as dosage history, adherence metrics, and user interactions. It processes and analyzes the
data to generate insights and feedback for users and healthcare providers.
User Preferences Database, this data store represents the database where user preferences, such as medication schedules
and dosage instructions, are stored. The user interface and data management platform interact with this data store to
retrieve and update user preferences as needed.

3.5 CLASS DIAGRAM

A class diagram is a static structural diagram in Unified Modeling Language (UML) that represents the structure and
relationships of classes within a system. It illustrates the classes, attributes, methods, and assgciations between objects
in the system, providing a blueprint for the implementation of software components. ghams are crucial in
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software development as they help developers visualize the system's architecture, define class hierarchies, and specify
the interactions between objects. In the context of the IoT-assistive medication management system project, a class
diagram is essential for modeling the structure of the software components that make up the system. It helps define the
classes representing various system entities, their attributes, and methods, as well as their relationships and

dependencies.
loT Assistive Medication Management
System
User Interface Medication Device
requestMedication() dispenseMedication()
adjustSchedule() detectMedicationLevels()
receiveReminder()
T T
1 1
1 1
1 ]
: Medication Management System :
1 ]
! medicationld !
! dosage 1
R schedule <-----
reminder
adherenceData
Figure 3.4: Class Diagram
3.6 INPUT DESIGN

Input design refers to the process of designing the user interface and mechanisms through which users interact with the
IoT-assistive medication management system. It encompasses the creation of intuitive, accessible, and user-friendly
input methods, such as voice commands, touchscreen interfaces, or adaptive controls, which enable users, including
individuals with disabilities, to input medication-related information, preferences, and commands into the system
effectively. Input design focuses on optimizing user interactions to ensure ease of use, accuracy, and efficiency in
medication management tasks, such as requesting medications, adjusting schedules, and acknowledging reminders. It
considers factors such as user needs, preferences, and accessibility requirements to create interfaces that accommodate
diverse user abilities and promote independence in managing medications. Overall, input design plays a crucial role in
shaping the user experience and usability of the medication management system, ultimately contributing to its
effectiveness and user acceptance.
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Figure 3.6.1: Medication Input Screen
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Figure 3.6.2: Schedule Adjustment

3.7 OUTPUT DESIGN

Output design in the context of your project refers to the process of determining how information is presented to users
through various output mechanisms within the IoT-assistive medication management system. This includes designing
the format, layout, and presentation of information displayed on user interfaces, medication dispensing devices, and
other output channels such as notifications or alerts. Output design encompasses considerations such as clarity,
accessibility, and usability to ensure that information is conveyed effectively to users, including individuals with
disabilities. It involves selecting appropriate visual, auditory, or tactile elements to communicate medication schedules,
dosage instructions, reminders, and feedback in a clear and understandable manner.

Copyright to IJARSCT DOI: 10.48175/IJARSCT-22483 567

www.ijarsct.co.in




IJARSCT ISSN (Online) 2581-9429

International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
I J ARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

Impact Factor: 7.53 Volume 4, Issue 5, November 2024

Welcome to Smart Medication System

Ervor Messages/Alerts:
Noslerts

08:57:27

Run

Figure 3.4: Home Dashboard

IV. SYSTEM DEVELOPMENT

4.1 INTRODUCTION

System development involves creating or enhancing information systems to meet specific business needs or objectives.
It Ensures Accessibility, system development focuses on designing accessible user interfaces, adaptive features, and
assistive technologies that accommodate users with diverse disabilities. Accessibility considerations are integrated into
the design and development process to ensure equal access and participation for all users. Enhancing Medication
Adherence, through systematic development processes, the medication management system can incorporate features
such as medication reminders, dosage tracking, and adherence monitoring to promote medication adherence among
users.

4.2 MODULE DESCRIPTION

4.2.1 User Interface Module

This module provides the interface through which users interact with the system. It includes features such as voice
recognition, graphical user interfaces (GUIs), and adaptive interfaces tailored to the needs of individuals with
disabilities. Users can request medications, adjust schedules, receive reminders, and access system settings through the
user interface.

4.2.2 Medication Dispensing Module

The medication dispensing module controls the hardware components responsible for dispensing medications
accurately and reliably. It includes functionalities such as dispensing medications based on user requests, detecting
medication levels in containers, and providing feedback on dispensing status.

4.2.3 Data Management Module

The data management module is responsible for storing, processing, and analyzing medication-related data collected by
the system. It includes functionalities such as storing medication schedules, dosage history, adherence metrics, and user
preferences in a centralized database or cloud storage solution. Data management capabilities enable real-time
monitoring of medication adherence, identification of adherence patterns, and generation of insights for users and
healthcare providers.

4.2.4 Communication Module

The communication module facilitates communication between system components, user devices, and remote

monitoring platforms. It includes functionalities such as wireless communication protocols (e.g., Wi-Fi, Bluetooth Low

Energy) for local connectivity with user devices and internet connectivity for remote aggs
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communication protocols ensure the privacy and security of data transmitted between system components and external
entities.

4.2.5 Notification Module

The notification module generates and delivers notifications to users to remind them of medication schedules, dosage
instructions, and other important information. It includes functionalities such as sending notifications via voice
prompts, text messages, or visual alerts based on user preferences and accessibility needs.

4.2.6 Analytics Module

The analytics module processes and analyzes medication adherence data collected by the system to generate insights
and feedback for users and healthcare providers. It includes functionalities such as identifying trends in medication
adherence, predicting adherence outcomes, and providing personalized recommendations for improving adherence.
4.2.7 Configuration Module

The configuration module allows users to customize system settings, preferences, and medication schedules according
to their individual needs and preferences. It includes functionalities such as setting medication reminders, adjusting
dosage instructions, and configuring accessibility features to accommodate users with disabilities.

4.2.8 Administration Module

The administration module provides administrative functionalities for managing user accounts, permissions, and system
settings. It includes functionalities such as user registration, account management, role-based access control, and system
configuration.

4.2.9 Advanced Data Analytics Module

The Advanced Data Analytics Module would introduce sophisticated analysis capabilities to monitor medication
adherence patterns. By employing predictive analytics, this module can identify users at risk of non-adherence and
proactively offer personalized interventions. It could analyze historical adherence data and flag any deviations in real-
time, providing early warnings and suggestions to improve user adherence before issues arise. This would be
particularly useful for healthcare providers monitoring multiple patients, allowing for timely and targeted care.

4.2.10 Electronic Health Records (EHR) Integration Module

This module would allow the system to integrate with Electronic Health Records (EHR), enhancing the ability to
share medication-related data with healthcare providers. With direct integration into healthcare systems, medication
schedules, adherence reports, and alerts can be synchronized with professional care plans. This would improve the
quality of care by ensuring that healthcare providers have real-time access to patients’ medication data, enabling better-
informed decisions and personalized treatment plans.

4.2.11 Mobile Application Enhancement Module

This module focuses on expanding the functionality of the mobile application, making it more inclusive and accessible
for a wider audience. It would include features such as visual aids for users with low vision, as well as enhanced
support for diverse functionalities (voice command, real-time notifications, and gesture controls). The mobile app’s
interactive interface would be optimized for ease of use, allowing users to manage their medications, receive reminders,
and communicate with healthcare providers effortlessly. This module would ensure users can control their medication
routines seamlessly from anywhere.

4.2.12 Enhanced Security Features Module

The Enhanced Security Features Module would continuously evolve to address emerging privacy and security
threats. This module would include features like biometric authentication (such as facial recognition or fingerprint
scanning) for mobile users, and implement advanced encryption algorithms to safeguard sensitive data. Additionally,
regular security audits and updates would be built into the module to ensure the system remains protected against
vulnerabilities, offering peace of mind for users and healthcare providers alike.

4.2.13 Scalability and Flexibility Module

This module is designed to ensure that the system is scalable and flexible enough to accommodate increasing numbers
of users and technological advancements. The architecture of the system will be modular, allowing for easy expansion
or adaptation to future user needs and new medical devices. This flexibility would not only serve individuals with
tecture would allow
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seamless integration with new features, ensuring that it remains relevant and up to date as healthcare technology
evolves.

4.3 METHODOLOGY

4.3.1 Agile Methodology

For the IoT-assistive medication management system project, an Agile methodology is best suitable due to its iterative
and flexible approach, which aligns well with the project's dynamic nature and need for continuous feedback and
adaptation. By adopting Agile methodology, the IoT-assistive medication management system project can benefit from
increased flexibility, transparency, and responsiveness to user needs, ultimately resulting in a more successful and user-
centric solution.

FaXoills

Methodology

Figure 4.1: Agile Methodology Diagram
Agile methodologies provide a number of benefits to the proposed system. These include:
Iterative Development, the project will be divided into small, manageable increments called "sprints," typically lasting
1-4 weeks each. During each sprint, a cross-functional team consisting of developers, designers, and stakeholders will
work collaboratively to deliver a set of prioritized features or user stories.
User-Centric Design, agile methodology emphasizes the importance of involving end-users throughout the development
process. User feedback is solicited regularly, allowing for continuous refinement and improvement of the system based
on real-world user needs and preferences.
Adaptive Planning, rather than rigidly adhering to a predefined plan, Agile allows for flexibility and adaptation to
changing requirements and priorities. The project backlog is continuously refined and reprioritized based on feedback
and evolving user needs, ensuring that the most valuable features are delivered first.
Cross-Functional Teams, agile encourages collaboration and communication among cross-functional teams, fostering a
shared understanding of project goals and responsibilities. Regular meetings, such as daily stand-ups and sprint reviews,
facilitate transparency, accountability, and alignment within the team.
Continuous Integration and Testing, agile promotes a "fail-fast" mentality, where code is integrated and tested
frequently to identify and address issues early in the development process. Automated testing tools and continuous
integration practices ensure the reliability, stability, and quality of the system throughout development.
Incremental Delivery, rather than waiting until the end of the project to deliver a complete product, Agile emphasizes
delivering working software incrementally and frequently. This allows stakeholders to see tangible progress, provide
feedback, and make course corrections as needed, reducing the risk of project failure and ensuring that the final product
meets user expectations.
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4.4 ALGORITHM

An algorithm refers to a set of step-by-step instructions or procedures designed to perform specific tasks related to
medication management within the loT-assistive system. These algorithms govern the operation of key system
components, such as medication dispensing devices and user interfaces, to ensure accurate, efficient, and user-friendly
functionality. These two major algorithms play a critical role in the operation and usability of the IoT-assistive
medication management system, ensuring accurate medication dispensing and intuitive user interaction for individuals
with disabilities.

Medication Dispensing Algorithm, the Medication Dispensing Algorithm is responsible for accurately and safely
dispensing medications based on user requests and prescriptions. It operates the medication dispensing device,
controlling the timing and dosage of medication dispensation.This algorithm considers factors such as medication type,
dosage instructions, container status, and user preferences to ensure precise dispensing.By automating the medication
dispensing process, this algorithm improves medication adherence, reduces the risk of dosage errors, and enhances user
convenience and independence. It provides a reliable and user-friendly solution for managing complex medication
regimens.

User Interface Interaction Algorithm, the User Interface Interaction Algorithm manages user interactions with the
system's interface, including voice commands, graphical user interfaces (GUIs), and adaptive interfaces, It interprets
user input, processes commands, and provides feedback and prompts to guide users through medication management
tasks. This algorithm ensures accessibility, responsiveness, and ease of use across diverse user needs and preferences,
including individuals with disabilities. By providing intuitive and accessible user interactions, this algorithm enhances
user engagement, satisfaction, and confidence in using the medication management system. It promotes user
independence, empowerment, and effective medication management, leading to improved health outcomes and quality
of life.

V.SYSTEM TESTING

5.1 INTRODUCTION

System testing, in the context of the IoT-assistive medication management system, is the comprehensive process of
evaluating the complete and integrated software and hardware components to ensure they function correctly as a whole.
This phase involves verifying that all modules and interfaces work together as intended and that the system meets the
specified requirements and performance standards. It involves a number of steps. These steps mainly include,
integration testing which ensures that individual modules like the medication dispensing device and user interface
interact correctly. For example, testing whether medication requests from the user interface are accurately processed by
the dispensing device. Functional testing, this involves checking that each function of the system operates in
conformance with the requirement specification. Security testing, ensuring that the system adequately protects user data
and maintains privacy. This includes verifying encryption, secure data transmission, and access control mechanisms.
System testing can also include a number of other testing processes like performance and usability just to name a few.

5.2 TEST PLAN
For the ToT-assistive medication management system a test plan can be defined as a detailed document that outlines the
testing strategy, objectives, resources, schedule, and procedures to be followed to ensure the system functions as
intended. The test plan serves as a blueprint for the testing process, providing clear guidelines and a systematic
approach to validate the system's performance, reliability, and usability. A test plan mainly includes test cases, which
outline the purpose of the test and the particular modules being involved in the test. The test cases also act as the
objective of the test which Ensure that the system accurately alerts users for medications as per user schedules. Validate
that the user interface is accessible and user-friendly for individuals with disabilities. Test plans also include the
predicted outcome of each test and the actual result that we get after testing the system. Lastly test plans help ensure
developers of how feasible certain functionalities of the system are. By creating a comprehensive test plan, this project
ensures that all aspects of the IoT-assistive medication management system are thoroughly evaluated and validated.
This systematic approach helps identify and address any issues before deployment, ensurin em is reliable, user-
friendly, and effective in assisting individuals with disabilities in managing their medicati n
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S. No TEST CASE EXPECTED RESULTS TEST RESULTS
1 Verify that the system dispenses the | The system should alert the user | The system accurately alerts the
correct medication and dosage as | on the correct medication and | user on the right time to take
per user schedule. dosage at the scheduled time. medication
2 Proper indication of medicine taken, | The systems color coded LEDs | Yellow, green and red LEDs
missed dosages and time to take | must  indicate = the  right | integrated into the system to
medication. functionality of the device. indicate the state of the device.
3 Ensure that the user interface is | The user interface should | The color LEDs make it easy
accessible for users with disabilities. | respond accurately to the | for people with disabilities e.g.
systems indications and be easy | hearing to know what time to
to navigate. take medications. And for
individuals with poor eye sight
or color blindness there is a
buzzer that serves the same
purpose
4 Verify that the system sends timely | The system should send a | The system is able to send
and accurate reminders and alerts. notification at the correct time | accurate information on the
with accurate information. device itself and also the user
interface
5 Ensure that user data is protected | The system should prevent | As some medication can be
and the system is secure. unauthorized access and encrypt | personal. The device is not
sensitive data. supposed to allow the wrong
person to access the
information of patients. Mainly
through the user interface.

5.2.1 UNIT TESTING

This approach focuses on testing individual components or modules of the system in isolation. The objective of this test
is to ensure that each module, such as the medication dispensing mechanism or the alert interface, functions correctly
on its own.Testing the algorithm that controls the dispensing of medication to ensure it accurately dispenses the correct
dosage when prompted.

5.2.2 USABILITY TESTING

This approach evaluates how easy and intuitive the system is for end-users, particularly those with disabilities. It is to
ensure the system is accessible, user-friendly, and meets the needs of its target users. Involving visually impaired users
in testing to gather feedback on the sound alerts recognition interface and overall user experience, ensuring it is easy to
navigate and use.

5.2.3 SYSTEM TESTING

This comprehensive approach tests the entire integrated system to verify that it meets the specified requirements. This
testing approach is to validate the overall functionality and performance of the complete system. Testing the end-to-end
workflow where a user schedules a medication reminder, receives a notification, and the system alerts the patient on the
medication as scheduled.

5.2.4 ACCEPTANCE TESTING

This final testing approach involves verifying that the system meets the acceptance criteria and is ready for deployment.
To ensure the system fulfills all requirements and is acceptable to the end-users and stakeholders. Conducting a final
round of tests with actual users to validate the entire system in real-world scenarios and confirming that it meets all
specified requirements.
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VI. SYSTEM IMPLEMENTATION

6.1 INTRODUCTION

System implementation refers to the process of deploying the developed system into a real-world environment and
ensuring it functions as intended. This phase involves several key activities, including installation, configuration,
testing, user training, and transition to operational status. The goal is to integrate the system seamlessly into users' daily
routines and ensure it delivers the intended benefits of accurate medication dispensing and effective medication
management for individuals with disabilities.By carefully planning and executing the system implementation phase,
your IoT-assistive medication management system can achieve its goals of improving medication adherence, enhancing
user independence, and delivering significant health benefits to individuals with disabilities. System implementation
also involves some key activities namely, installation and configuration which involves integration all the physical
components of the device as one and making sure they work. Data transferring process, user training and deployment.

6.2 SCREENSHOOTS
6.2.1 MODULE SCREENSHOTS

Schedule Adjustment

Set Time (Hours):
10

Pawered By Vendorme technologies Malawi

Figure 6.1: Schedule Adjustment Page
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6.3 CODING
6.3.1 FRONT END
<IDOCTYPE HTML>
<html>
<head>
<title>ESP32 Timer Adjustment</title>
<meta name="viewport" content="width=device-width, initial-scale=1">
<style>
body { font-family: Arial, sans-serif; text-align: center; }
form { display: inline-block; margin-top: 20px; }
input[type=number] { width: 50px; }
input[type=submit] { padding: 5px 15px; }
</style>
</head>
<body>
<h1>ESP32 Timer Adjustment</h1>
<form action="/set-timer" method="POST">
<label for="timer">Set Timer (seconds):</label>
<input type="number" id="timer" name="timer" min="1" value="10">
<input type="submit" value="Set Timer">
</form>
<p id="message"></p>
<script>
document.querySelector(‘form').addEventListener('submit', function(event) {
event.preventDefault();
var timer = document.getElementByld('timer').value;
fetch('/set-timer', {
method: 'POST',

headers: {
'Content-Type": 'application/x-www-form-urlencoded'
}9
body: 'timer='+ timer
1)

.then(response => response.text())
.then(data => {
document.getElementByld('message').innerText = 'Timer set to ' + timer + ' seconds.";
1
1)s

</script>
</body>
</html>

6.3.2 BACKEND (HARDWARE)
#include <Wire.h>

#include <Adafruit GFX.h>
#include <Adafruit SSD1306.h>
#include <WiFi.h>

#include <WebServer.h>

// Constants for pin numbers
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const int buttonPin = 13;
const int redLED = 12;
const int yellowLED = 14;
const int greenLED = 27;
const int buzzer = 26;

// Constants for display

#define SCREEN_WIDTH 128

#define SCREEN HEIGHT 64

#define OLED RESET -1

Adafruit_SSD1306 display(SCREEN_ WIDTH, SCREEN HEIGHT, &Wire, OLED RESET);

WebServer server(80);

// Default countdown duration (10 seconds)
unsigned long countdownDuration = 10000;

bool redLedFlashing = false;

bool buttonPressedOnTime = false;

unsigned long countdownStartMillis;

unsigned long flashStartMillis;

unsigned long currentMillis;

const unsigned long ledIndicatorDuration = 5000; // 5 seconds LED indicator
const unsigned long debounceDelay = 50; // 50 milliseconds debounce delay
bool flashing = false;

bool buttonState = HIGH;

bool lastButtonState = HIGH;

unsigned long lastDebounceTime = 0;

void setup() {
Serial.begin(115200);
pinMode(redLED, OUTPUT);
pinMode(yellowLED, OUTPUT);
pinMode(greenLED, OUTPUT);
pinMode(buzzer, OUTPUT);
pinMode(buttonPin, INPUT PULLUP); // Enable internal pull-up resistor

// Initialize display

if (!display.begin(SSD1306_SWITCHCAPVCC, 0x3C)) {
Serial.println(F("SSD1306 allocation failed"));
for (;;);

H

display.display();

delay(2000);

display.clearDisplay();

countdownStartMillis = millis();

/I Connect to Wi-Fi

WiFi.begin("Ghost's HUAWEI P40", "Ghost2cost");
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while (WiFi.status() = WL_CONNECTED) {
delay(1000);
Serial.println("Connecting to WiFi...");
}
Serial.println("Connected to WiFi");
Serial.print("IP Address: ");
Serial.println(WiFi.locallP());

// Start the web server

server.on("/", HTTP_GET, []() {
server.send(200, "text/html", index_html);

1)

server.on("/set-timer", HTTP_POST, []() {
if (server.hasArg("timer")) {

ISSN (Online) 2581-9429

countdownDuration = server.arg("timer").toInt() * 1000; // Convert seconds to milliseconds

Serial.print("New countdown duration: ");
Serial.println(countdownDuration);
server.send(200, "text/plain", "OK");
}else {
server.send(400, "text/plain”, "Bad Request");
}
1)
server.on("/trigger-action", HTTP_POST, []() {
if (redLedFlashing) {
buttonPressedOnTime = true;

stopFlashing();
enableButton(); // Enable button when action is triggered
} else {
server.send(403, "text/plain", "Forbidden");
H
3)s
server.begin();
¥

void loop() {
currentMillis = millis();

if (!flashing) {
// Countdown logic
if (currentMillis - countdownStartMillis >= countdownDuration) {
countdownStartMillis = currentMillis;
startFlashing();
}else {
displayCountdown();
§
}else {
// Flashing logic
if (currentMillis - flashStartMillis <= countdownDuration) {
flashRedLEDAndBuzzer();
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// Check for button press with debounce logic

bool reading = digitalRead(buttonPin);

if (reading != lastButtonState) {
lastDebounceTime = currentMillis;

}

if ((currentMillis - lastDebounceTime) > debounceDelay) {
if (reading == LOW & & buttonState == HIGH) {
buttonPressedOnTime = true;
stopFlashing();
return;

}

buttonState = reading;

}

lastButtonState = reading;
}else {
stopFlashing();
}
}
}

void enableButton() {
server.send(200, "text/plain", "enableButton");

}

void disableButton() {
server.send(200, "text/plain", "disableButton");

}

void startFlashing() {
flashStartMillis = millis();
flashing = true;
buttonPressedOnTime = false;
redLedFlashing = true;
Serial.println("Started flashing...");

void stopFlashing() {
flashing = false;
digital Write(redLED, LOW);
digital Write(buzzer, LOW);
Serial.println("Stopped flashing...");
redLedFlashing = false;
disableButton(); // Disable button when red LED stops flashing
// Rest of the function remains unchanged...

display.clearDisplay(); L 2
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if (buttonPressedOnTime) {
Serial.printIn("Button pressed on time. Turning on green LED...");
digital Write(greenLED, HIGH);
display.setTextSize(2);
display.setTextColor(SSD1306_ WHITE);
display.setCursor(0, 0);
display.println("Medicine Taken on Time");
display.display();
delay(ledIndicatorDuration);
digital Write(greenLED, LOW);
} else {
Serial.println("Button not pressed on time. Turning on yellow LED...");
digital Write(yellowLED, HIGH);
display.setTextSize(2);
display.setTextColor(SSD1306 WHITE);
display.setCursor(0, 0);
display.println("Missed Dossasge");
display.display();
delay(ledIndicatorDuration);
digital Write(yellowLED, LOW);

// Restart the countdown
countdownStartMillis = millis();
Serial.println("Restarting countdown...");
display.clearDisplay();

void flashRedLEDAndBuzzer() {

if ((currentMillis - flashStartMillis) % 1000 < 500) {
digital Write(redLED, HIGH);
digital Write(buzzer, HIGH);

} else {
digital Write(redLED, LOW);
digital Write(buzzer, LOW);

}

display.clearDisplay();
display.setTextSize(2);
display.setTextColor(SSD1306 WHITE);
display.setCursor(0, 0);
display.println("Take =~ Medicine");
display.display();

void displayCountdown() {
unsigned long remainingTime = countdownDuration - (currentMillis - countdownStartMillis);
display.clearDisplay();
display.setTextSize(2); c )
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display.setTextColor(SSD1306 WHITE);
display.setCursor(0, 0);

display.print("Time Left To take Medication: ");
display.print(remainingTime / 1000);
display.printin("s");

display.display();

server.handleClient(); // Handle HTTP requests

VII. CONCULSION
7.1 CONCULSION
The IoT-assistive medication management system project successfully aimed to develop an innovative solution that
addresses the unique challenges faced by individuals with disabilities, particularly those who are visually impaired or
managing complex medication routines. By leveraging the power of IoT technology, the system was designed to
streamline the medication management process, offering features such as automated medication dispensing, voice-
activated commands, and timely alerts. These features ensure that users are consistently reminded to take their
medications and receive accessible feedback, regardless of their physical limitations. The system's user-friendly
interface was also tailored specifically to enhance accessibility, ensuring that users from diverse backgrounds can
interact with it effortlessly.
Throughout the development process, the project remained focused on building a reliable and efficient system that
integrates seamlessly into the daily lives of users. Rigorous design principles were employed to guarantee that the
system is both intuitive and highly functional. In addition to focusing on core functionalities, the project emphasized
comprehensive testing at multiple levels: unit, integration, system, performance, usability, and security. These testing
phases ensured that the system adheres to the highest standards of functionality, reliability, and user satisfaction. The
extensive testing also helped identify potential areas of improvement, refining the system's performance to ensure that it
operates smoothly and meets the unique needs of its target audience.
The implementation phase further validated the system's effectiveness in real-world scenarios. Users were able to
interact with the system seamlessly, highlighting its potential to significantly improve medication adherence and
ultimately enhance health outcomes. By automating the medication management process and providing users with
tailored reminders and alerts, the system empowers individuals to take control of their healthcare routines with greater
ease and confidence. This, in turn, reduces the risk of missed doses and medication errors, which are common
challenges for those with complex routines or disabilities.
Moreover, the project’s focus on long-term scalability and integration with emerging technologies ensures that the
system is adaptable to future healthcare needs. As healthcare technology continues to evolve, the loT-assistive system
can be enhanced with additional functionalities, such as integration with electronic health records (EHRs), advanced
data analytics, and further customization to meet the needs of a growing and diverse user base.
In conclusion, the IoT-assistive medication management system represents a major step forward in healthcare
accessibility, particularly for individuals with disabilities. Its combination of automation, real-time monitoring, and
usability makes it an invaluable tool in promoting medication adherence and improving health outcomes. The success
of this project serves as a foundation for future innovations, demonstrating how IoT technology can be harnessed to
provide personalized, efficient, and reliable healthcare solutions.
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