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Abstract

In today's fast-paced world, remembering to take medications on time can be a real challenge. Missing
doses can have serious consequences for health and well-being. To combat this issue, we can leverage
the power of Internet of Things (loT) to create a smart pill box that ensures timely medication
adherence. This study will guide researchers through building a simple yet effective loT-operated pill
box using an Arduino Nano, a buzzer, and basic electronic components. Building a smart pillbox with
an Arduino, RTC, and buzzer is a valuable project that can improve medication adherence and promote
better health outcomes. This project leverages the power of these components to create a timely and
reliable reminder system, helping ensure you or your loved ones never miss a dose again. While this
study provides a high-level overview, it serves as a great starting point for exploring the possibilities
of DIY healthcare solutions. With a little effort and creativity, you can create a personalized system that
helps you or your loved ones stay on track with their medication regimen. Remember to consult with a
healthcare professional for guidance on managing medications and ensuring the suitability of this
project for your specific needs.
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INTRODUCTION

For millions of people worldwide, taking medication is a daily necessity. However, remembering to
take the right pills at the right time can be a significant challenge, especially for the elderly, individuals
managing multiple medications, or those with cognitive impairments. This is where the automated
pillbox steps in, offering a technological solution to improve medication adherence and, ultimately,
improve health outcomes [1-10].
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e Dose Tracking: The device records when medications are dispensed and taken, providing
valuable data for patients and caregivers.

e Inventory Monitoring: Advanced variants include the ability to monitor drug levels and notify
users when a prescription needs to be refilled.

o Tamper-Proofing: Many devices are designed to prevent accidental or intentional access to
medications outside of scheduled dispensing times.

To manage chronic illnesses and achieve the intended treatment outcomes, medication adherence, or
taking medicine as directed, is essential. Noncompliance may result in:
Worsening of Health Conditions: Uncontrolled symptoms and disease progression.
Hospitalizations: Increased need for emergency care and hospital stays.
Decreased Quality of Life: Adverse effects on day-to-day activities and general health.
Increased Healthcare Costs: Unnecessary medical interventions and procedures.

By improving medication adherence, automated pillboxes can help patients avoid these negative
consequences and lead healthier, more fulfilling lives.

Benefits of using an automated pillbox are as:

o Improved Medication Adherence: The primary benefit is the consistent and accurate dispensing
of medications at the correct times.

e Reduced Caregiver Burden: Automation reduces the time and effort caregivers spend managing
medications, allowing them to focus on other aspects of care.

e Improved Safety: Reduces the possibility of drug mistakes like taking the incorrect medication
or taking two doses.

o Greater Independence: Encourages a sense of control and autonomy by enabling people to take
care of their meds on their own.

e Peace of Mind: Provides reassurance for both patients and caregivers that medications are being
taken correctly.

o Data-Driven Insights: Monitoring medication compliance gives medical professionals useful
information to improve treatment regimens.

Numerous automated pillboxes are available on the market, each with a unique feature set and cost.
Take into account the following elements while selecting a device:

o Ease of Use: The device should be easy to set up, program, and operate, particularly for
individuals with limited technological skills.

e Medication Capacity: Ensure the pillbox has sufficient capacity to hold all necessary
medications.

e Alerting System: Consider the type and effectiveness of the alerting system, including visual,
auditory, and remote notifications.

o Connectivity: Determine if the device requires a smartphone or internet connection and evaluate
the functionalities of the associated app.

e Security Features: To stop illegal access to prescription drugs, look for tamper-proof systems.

o Budget: Depending on the features and complexity, automated pillbox prices can range from
reasonably priced to more costly.

As technology continues to evolve, automated pillboxes are becoming more sophisticated and
integrated with other healthcare systems. Future developments may include:
e Integration with Electronic Health Records (EHRSs): Pillboxes and EHRs can share data
seamlessly to give medical professionals a complete picture of patients' drug adherence.
o Advanced Sensors: Incorporation of sensors to detect if medications have been swallowed and
monitor vital signs.
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e Personalized Medication Schedules: Development of algorithms to optimize medication
schedules based on individual patient needs and preferences.

o Telemedicine Integration: Integration with telemedicine technologies to allow medical
professionals to monitor and help from a distance.

Automated pillboxes are transforming the way people manage their medications, offering a reliable
and convenient solution to improve adherence and enhance health outcomes. As technology advances
and awareness grows, these smart devices are poised to play an increasingly important role in
healthcare, empowering individuals to take control of their medications and live healthier, more
independent lives. By reducing caregiver burden, enhancing safety, and providing data-driven insights,
the automated pillbox is a valuable tool for patients, caregivers, and healthcare providers alike [11-22].

THE PROBLEM STATEMENT

Many individuals, especially the elderly or those with complex medication regimens, face difficulties
in remembering when and what medications to take. Factors like busy schedules, cognitive decline, or
simple forgetfulness contribute to missed doses. Traditional pill organizers offer some help, but they do
not actively remind users when it is time to take their medication.

THE 10T PILLBOX: A SMART SOLUTION FOR SENIORS
AND MEDICATION ADHERENCE

Taking care of their meds can be a difficult and daunting undertaking for many seniors. Remembering
dosages, timing, and the sheer number of pills can lead to missed doses, accidental double doses, and
ultimately, compromised health. In response, the Internet of Things (l1oT) is offering a smart solution:
the loT-operated pillbox, a device designed to improve medication adherence and empower seniors to
maintain their health independently [23-33]. Figure 1 shows the block loT-operated Pillbox diagram.
It includes a buzzer and an loT agent, RTC.

Studies have consistently shown that a significant percentage of elderly individuals struggle with
medication adherence. This can be explained by elements such as:

e Cognitive Decline: Medication schedules can be hard to remember due to age-related memory
decline.

e Complicated Regimens: It can be confusing to take several prescriptions at various times of the
day.

o Physical Restrictions: People with arthritis or other physical restrictions may find it difficult to
open prescription bottles.

e Lack of Motivation: Missed dosages may result from feeling overburdened or from forgetting.

e Worsening of Existing Conditions: Failure to take prescribed medication can lead to disease
progression.

o Hospitalizations: Missed doses can exacerbate health problems, requiring costly medical
interventions.

e Reduced Quality of Life: Poor medication management can contribute to a decline in overall well-

being.
"SR
Real time GSM module
clock ﬂ :> (If any)
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—

Figure 1. 10T operated Pillbox.
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The loT-operated pillbox offers a technological approach to combatting these challenges. Here is
how it typically works:

e Automated Dispensing: The pillbox has compartments for different medications, programmed to
dispense the correct dosage at the correct time.

o Reminders: The gadget notifies users when it is time to take their prescription by means of visual
and auditory cues. Some models additionally use smartphone apps to notify caretakers.

¢ Remote Monitoring: Using the app, caregivers may keep an eye on medication adherence from a
distance. If a dose is missed, they can receive alerts to ensure prompt action.

o Data Tracking: The pillbox records medication history, providing valuable data for doctors and
caregivers to track effectiveness and identify potential issues.

e User-Friendly Design: The devices are typically designed with large buttons and clear displays,
making them easy for seniors to use, even with limited dexterity or vision.

Benefits of the 1oT Pillbox are as follows:

e Better Adherence to Medication: Automated dispensing and timely reminders greatly lower the
possibility of missing or giving the wrong dose.

o Greater Independence: Seniors are less dependent on caretakers as they are able to confidently
handle their medicines.

o Enhanced Safety: Remote monitoring allows caregivers to identify and address potential
problems quickly, promoting safety and well-being.

e Lower Healthcare Costs: The pillbox can help avoid hospital stays and other expensive medical
procedures by enhancing adherence.

o Caregivers' peace of mind: Knowing that their loved ones are taking their prescription drugs as
directed gives them comfort.

When selecting an 1oT pillbox, consider the following factors:

e Complexity of Medication Regimen: Select a device that can satisfy the user's needs by having
enough compartments and dispensing options.
Usability: Select a gadget with an easy-to-use interface and unambiguous instructions.
Connectivity: Ensure the device is compatible with the user's mobile devices and internet
connection.

e Caregiver Access: Confirm that the gadget provides caregivers with remote monitoring and
notifications.

e Cost: To pick a gadget that suits your budget, compare features and pricing.

The loT-operated pillbox is just one example of how technology is transforming healthcare for
seniors. As technology continues to advance, we can expect to see even more innovative solutions that
help seniors to manage their medications safely and effectively, promoting independence and improving
quality of life. The future of medication management is undoubtedly smart, connected, and focused on
empowering seniors to live healthier, more fulfilling lives [34-51].

METHODOLOGY
An loT-operated pill box takes medication management to the next level. By incorporating
programmable logic, real-time clock capabilities, and connectivity, this device can:
e Provide Timely Reminders: Alert users with an audible buzzer when it is time for a dose.
e Schedule Based on Needs: Allow for customized medication schedules to accommodate
individual requirements.
e Provide Remote Monitoring (Optional): Family members or caregivers can keep an eye on
adherence from a distance and get notifications if a dose is missed thanks to increased connectivity.

Creating Your Own loT-Powered Pill Box: A Comprehensive Guide
The Arduino Nano is used in this project because of its cost, low power consumption, and small size.
Figure 2 shows the suggested circuit. Below is a summary of the parts and building procedure:
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Components Required

Arduino Nano: The brains of the operation, responsible for processing instructions and
controlling the system.

Real-Time Clock (RTC) Module (DS3231): Provides accurate timekeeping, even when the
Arduino is powered off. This is crucial for reliable scheduling.

Buzzer: Emits an audible alert to remind the user to take their medication.

LED (Optional): Provides a visual alert alongside the buzzer.

Breadboard: A platform for prototyping and connecting the components.

Jumper Wires: Used to connect the components to the Arduino Nano.

Power Supply: To supply the Arduino Nano with power via a USB cable.

Enclosure (Optional): A box or container to house the electronics and medication compartments.
Basic Pill Organizer: A pill box with compartments for organizing medications by day or time.

While a fully detailed step-by-step guide is beyond the scope of this study, here is a summary of the
key steps involved in building your own smart pillbox:

1.

akrwbd

Hardware Setup: Connect the RTC module and buzzer to the Arduino Nano according to a
suitable wiring diagram (readily available online). Observe carefully how the data and power
pins are connected.

Development of Software: Write the Arduino code to set up the buzzer and RTC pins.

Check the RTC for the current time.

Establish a medicine schedule, which is a list or array of times.

Compare the current time to the schedule.

o Activate the buzzer when a match is found.

e Include appropriate delays for timing and de-bouncing.

Enclosure Design: Design and create a suitable enclosure to house the electronics. This could be
a 3D-printed box or a repurposed container. Consider incorporating compartments for different
medications.

Testing and Refinement: Thoroughly test the system to ensure it functions correctly and adjust
the code as needed to fine-tune the timing and alert duration.

Hardware Setup

1.

2.

Attach the RTC Module: Attach the RTC module's VCC and GND pins to the Arduino Nano's
5V and GND pins, respectively. Attach the RTC module's SDA (Serial Data) and SCL (Serial
Clock) pins to the Arduino Nano's SDA (A4) and SCL (A5) pins, respectively.

Attach the Buzzer: Attach the buzzer's two legs to GND and a digital pin on the Arduino Nano,
such as pin 8. To control the current and safeguard the Arduino pin, a resistor (such as 220 Q)
can be connected in series with the buzzer.

Connect the LED (Optional): Use a resistor (such as 220 Q) to connect the LED's longer leg
(anode) to a digital pin on the Arduino Nano (such as pin 9). Attach the LED's cathode, or shorter
leg, to GND.

Software development: Arduino Code:
#include <Wire.h>
#include <RTClib.h>

RTC_DS3231 rtc;

const int buzzerPin = 8;
const int ledPin = 9; // Optional

/l Medication Schedule (Example: Take medication at 8:00 AM and 8:00 PM)
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const int alarmHourl = 8;

const int alarmMinutel = 0;
const int alarmHour2 = 20;
const int alarmMinute2 = 0;

void setup() {
Serial.begin(9600);

if (! rtc.begin()) {
Serial.printIn("Couldn't find RTC");
while (1);

}

pinMode(buzzerPin, OUTPUT);
pinMode(ledPin, OUTPUT); // Optional

/I Set the RTC time (only needed once or if the RTC loses power)
/I rtc.adjust(Date Time(2023, 10, 27, 10, 30, 0)); // Year, Month, Day, Hour, Minute, Second

}

void loop() {
DateTime now = rtc.now();

Serial.print(now.year(), DEC);
Serial.print('/");
Serial.print(now.month(), DEC);
Serial.print('/");
Serial.print(now.day(), DEC);
Serial.print(" ");
Serial.print(now.hour(), DEC);
Serial.print(":");
Serial.print(now.minute(), DEC);
Serial.print(":");
Serial.print(now.second(), DEC);
Serial.printin();
Il Check for Alarm Time 1
if (now.hour() == alarmHourl && now.minute() == alarmMinutel) {
triggerAlarm();

¥

Il Check for Alarm Time 2
if (now.hour() == alarmHour2 && now.minute() == alarmMinute2) {
triggerAlarm();

}
delay(1000); // Check every second

void triggerAlarm() {
Serial.printIn("Alarm Triggered!");
digitalWrite(buzzerPin, HIGH);
digitalWrite(ledPin, HIGH); // Optional
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delay(5000); // Buzzer and LED on for 5 seconds
digitalWrite(buzzerPin, LOW);
digitalWrite(ledPin, LOW); // Optional

¥

Explanation of the Code

Includes: Includes necessary libraries for the RTC module.

RTC Initialization: Initializes the RTC module.

Pin Definitions: Defines the digital pins used for the buzzer and LED.

Medication Schedule: Defines the times for medication reminders (you can add more alarm times
as needed).

setup() Function: Sets up the serial communication, initializes the RTC, and sets the buzzer and
LED pins as outputs. You can optionally set the initial time of the RTC in this function
(commented out in the example).

loop() Function: Continuously reads the current time from the RTC and compares it to the
defined alarm times. If an alarm time is reached, the triggerAlarm() function is called.
triggerAlarm() Function: Activates the buzzer and LED (if included) for a specified duration to
alert the user.

Steps to Implement

1.

2.

3.

Assemble the Hardware: Connect all the components on the breadboard according to the
instructions above.

Upload the Code: Download and install the Arduino IDE. Copy the code into the Arduino IDE,
select the correct board (Arduino Nano) and port, and upload the code to the Arduino Nano.

Set the Time: If you have not already, set the correct time on the RTC module. You can
uncomment the rtc.adjust() line in the setup() function, modify the date and time, upload the code,
and then comment it out again.

Test the System: Observe the serial monitor for the time updates and verify that the buzzer and
LED activate at the specified alarm times.

Integrate with Pill Organizer: Place the electronics and pill organizer system inside the enclosure
(if using). Be sure to consider space for the battery if it is going to be portable.

Customization: Adjust the code to meet your needs. You change the time and add other
functionalities as you want.

Enhancements and Future Development in same are:

Wi-Fi Connectivity: Integrate a Wi-Fi module (e.g., ESP8266) to connect the pill box to the
internet.

Remote Monitoring: Develop a mobile app or web interface to allow remote monitoring of
medication adherence by caregivers or family members.

Missed Dose Alerts: Implement notifications if a dose is missed.

Dosage Counter: Add a sensor to detect when a compartment is opened and track medication
usage.

Automated Dispensing: Explore the possibility of automating the dispensing of pills at the
scheduled times using small motors or servos.

Voice Control Integration: Use Google Assistant or Amazon Alexa to incorporate voice control
capabilities.

This loT-operated pill box using an Arduino Nano provides a practical solution to improve
medication adherence. By integrating real-time reminders and potential remote monitoring capabilities,
this project empowers individuals to take control of their health and ensures timely medication intake.
This project serves as a foundation for more advanced smart healthcare solutions that can significantly
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enhance the lives of individuals managing their medications. For individualized guidance on drug
management, do not forget to speak with a medical expert.

DISCUSSION

Forgetting to take medication is a common problem, especially as we age or juggle multiple
prescriptions. Missed doses can have serious health consequences, making adherence a critical part of
treatment. Thankfully, technology can provide a solution! In this study, we have explored how to build
a simple yet effective smart pillbox using an Arduino Nano, a real-time clock (RTC), and a buzzer.

This project leverages the power of these components to create a timely and reliable reminder system,
helping ensure you or your loved ones never miss a dose again.

The Core Components required are:

Arduino Nano: This small but powerful microcontroller serves as the brains of the operation. It
reads the time from the RTC, compares it to the pre-programmed medication schedules, and
triggers the buzzer when it is time to take your pills.

Real-Time Clock (RTC) Module (DS3231, for example): This module maintains precise
timekeeping even when the Arduino is not powered on.

This ensures your pillbox stays on schedule, regardless of power outages.

Buzzer: A simple buzzer provides an audible alert, reminding you to take your medication.

The Arduino program works on a simple, as shown in Figure 3, yet effective principle:

1.
2.

3.

I Time acquisition

Initialization: The program starts by initializing the RTC module and the buzzer.

Time Acquisition: The RTC module provides the Arduino with the current time in hours, minutes,
and seconds.

Schedule Comparison: The acquired time is compared against a pre-programmed medication
schedule. This schedule is defined in the Arduino code as a series of times when medication
should be taken (e.g., 8:00 AM, 1:00 PM, 8:00 PM).

Alert Trigger: If the current time matches a scheduled medication time, the buzzer is activated,
providing an audible alert.

Delay and Loop: After alerting, the program waits for a short period (to prevent repeated alerts)
and then repeats the process, continuously monitoring the time and comparing it to the schedule.

[ Initialization

N

A4

Schedule comparison

N
Alert trigger

N

Delay and loop

Figure 3. Flow chart of proposed system working.
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Key advantages of this approach are as:

o Cost-Effective: Arduino Nanos and RTC modules are readily available and relatively
inexpensive, making this a budget-friendly solution.

e Customizable: The medication schedule can be easily adjusted directly in the Arduino code,
making it adaptable to individual needs.

o Simple and Reliable: The core functionality is straightforward, making the system reliable and
easy to understand.

e Open Source: This project fosters a DIY spirit, allowing you to modify and improve the design
to suit your specific requirements.

CONCLUSION

The Arduino Nano-based smart pillbox, enhanced with 10T capabilities, represents a significant step
towards improving medication adherence. By leveraging readily available components and open-source
platforms, this project offers a cost-effective and customizable solution for individuals and caregivers
seeking to manage medication schedules more effectively. Smart pillboxes have enormous potential to
improve patient outcomes and lessen the burden of pharmaceutical non-adherence as technology
develops further.

Future directions
e Integration with smart home devices: Integrating the pillbox with other smart home devices, such
as smart speakers, can further enhance medication adherence.
o Advanced sensors: Incorporating sensors to detect the presence of pills in the compartments can
provide more accurate tracking of medication consumption.
e Machine learning: Making use of machine learning algorithms to anticipate possible problems
with adherence and offer tailored remedies.
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