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Abstract:  Medication adherence is a critical factor in patient healthcare management, particularly for elderly 

individuals and patients with chronic illnesses. Forgetting or missing prescribed doses often leads to severe 

health complications and reduced treatment effectiveness. To address this challenge, this paper proposes an 

IoT-based Smart Medicine Dispenser with Alerts and Reminders designed to automate pill dispensing 

and enhance medication compliance. The system integrates an Arduino Uno for controlling the dispensing 

mechanism, servo motors for automated pill release, an RTC (Real-Time Clock) for scheduling, and a 16x2 

LCD display to provide real-time information. Alert mechanisms using a buzzer and LED notify patients at 

the scheduled time, while the ESP32 module ensures IoT connectivity, enabling remote monitoring and 

notifications via cloud platforms. The proposed system ensures accurate and timely dispensing of medicines, 

minimizes human error, and improves reliability in patient care. Experimental results demonstrate effective 

dispensing accuracy, prompt reminders, and successful IoT integration for remote alerts, making the system 

suitable for home healthcare and hospital environments. 

 

Index Terms - IoT, Smart Medicine Dispenser, Arduino Uno, ESP32, Real-Time Clock (RTC), Automated 

Pill Dispenser, Healthcare Monitoring, Alerts and Reminders. 

I. INTRODUCTION 

Medication adherence is one of the most significant challenges in modern healthcare. Studies indicate that a 

large percentage of patients, particularly the elderly and those with chronic illnesses, often forget or neglect 

to take their prescribed medications on time. Such lapses in adherence can result in serious health 

complications, prolonged recovery, and in some cases, life-threatening conditions. Traditional pill organizers 

provide a partial solution but rely heavily on patient memory and manual intervention, which reduces their 

effectiveness. 

In recent years, automation in healthcare has emerged as a reliable means to address such challenges. 

Automated systems not only reduce human error but also ensure efficiency, accuracy, and timely execution 

of critical healthcare routines. By integrating automation into medication management, it becomes possible 

to provide patients with reminders, alerts, and reliable dispensing mechanisms that can significantly improve 

adherence rates. 

The rapid growth of the Internet of Things (IoT) has revolutionized healthcare management by enabling real-

time monitoring, remote data logging, and connected healthcare solutions. IoT-based devices can collect, 

process, and transmit data seamlessly to caregivers and healthcare professionals, ensuring continuous 

oversight of patient compliance. In the context of medicine management, IoT allows healthcare providers and 

family members to monitor whether medications are taken on time, thus improving patient safety and reducing 

the burden on caregivers. 
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The objective of this research is to design and implement an IoT-based Smart Medicine Dispenser with 

Alerts and Reminders. The proposed system integrates Arduino Uno, ESP32, RTC module, servo motors, 

buzzer, LED, and LCD display with a pill organizer to provide automated pill dispensing at scheduled times. 

The system generates timely alerts through visual and audio notifications, while IoT connectivity ensures that 

reminders and logs are accessible remotely. This project aims to enhance patient compliance, reduce 

medication errors, and contribute to more efficient home-based and hospital healthcare management. 

II. LITERATURE REVIEW 

 

4.1 Existing Smart Medicine Dispensers 

Smart medicine dispensers have gained significant attention in recent years due to their potential to improve 

medication adherence. These devices typically integrate automated pill dispensing mechanisms with alert 

systems to remind patients to take their medications on time. For instance, a study by Gargioni et al. (2018) 

highlighted various smart medication dispensers that provide reminders to patients, aiming to ensure correct 

medication intake and avoid errors related to medicine type and dosage. Many of these systems also 

incorporate cloud services and mobile applications, allowing caregivers and doctors to monitor patients' 

medication adherence and manage the dispensers remotely. 

Another example is the SPEC 2.0 system, which combines a user-friendly interface with accurate medication 

dispensing at designated times. This system emphasizes the importance of accessibility and reliability in smart 

medicine dispensers. 

4.2 IoT-Based Healthcare Monitoring Systems 

The integration of Internet of Things (IoT) technology in healthcare has led to the development of systems 

that enable real-time monitoring of patients' health parameters. Abdulmalek et al. (2018) conducted a review 

exploring the role of IoT in healthcare monitoring systems, discussing the benefits of IoT-based systems in 

providing secure and real-time remote patient monitoring. The study also addresses challenges such as data 

security, privacy, and quality of service, providing recommendations for future IoT healthcare applications. 

Furthermore, a systematic review by Abdulmalek et al. (2018) examined various IoT-based healthcare-

monitoring systems, comparing their effectiveness, efficiency, data protection, privacy, security, and 

monitoring capabilities. The review also explored wireless- and wearable-sensor-based IoT monitoring 

systems and provided a classification of healthcare-monitoring sensors. 

4.3 Comparison of Existing Methods vs. Proposed System 

While existing smart medicine dispensers offer automated pill dispensing and reminder features, many lack 

comprehensive IoT integration for remote monitoring and real-time data logging. The proposed system aims 

to bridge this gap by incorporating IoT connectivity through the ESP32 module, enabling remote monitoring 

and notifications via cloud platforms. Additionally, the integration of a Real-Time Clock (RTC) module 

ensures accurate scheduling of medication dispensing, and the use of a 16x2 LCD display provides real-time 

information to the user. 

Existing systems often focus solely on pill dispensing without considering the broader context of healthcare 

monitoring. In contrast, the proposed system integrates medication management with health monitoring 

features, providing a more holistic approach to patient care. 

4.4 Research Gap Identification 

Despite the advancements in smart medicine dispensers and IoT-based healthcare monitoring systems, several 

gaps remain: 

 Limited IoT Integration: Many existing dispensers lack comprehensive IoT connectivity for remote 

monitoring and data logging. 
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 User Interface Accessibility: Some systems may not provide intuitive user interfaces, limiting 

accessibility for elderly patients. 

 Comprehensive Health Monitoring: Few systems integrate medication management with broader 

health monitoring features. 

The proposed system seeks to address these gaps by integrating IoT connectivity, providing an intuitive user 

interface, and combining medication management with health monitoring features. 

III. SYSTEM ARCHITECTURE  

 

5.1 Overall Block Diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1 shows proposed system 
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The proposed IoT-based Smart Medicine Dispenser consists of interconnected hardware and software 

components that work together to automate medication dispensing, provide reminders, and enable remote 

monitoring. The overall block diagram is as follows: 

1. Arduino Uno / ESP32 Controller – Central control unit managing hardware operations and IoT 

connectivity. 

2. Real-Time Clock (RTC) Module – Provides accurate date and time to schedule pill dispensing. 

3. Servo Motors – Mechanically control the pill dispensing mechanism. 

4. Pill Organizer / Automatic Dispenser – Stores multiple doses and releases them at scheduled times. 

5. LCD Display (16x2) – Shows real-time information about medicine, timing, and alerts. 

6. Buzzer & LED – Provides audio and visual notifications for scheduled medication. 

7. ESP32 / IoT Connectivity – Sends data to cloud platforms (Adafruit IO, ThingSpeak) for remote 

monitoring. 

8. Mobile App / Web Interface – Allows caregivers and patients to monitor schedules and receive alerts.  

 

5.2 Hardware Components 

1. Arduino Uno – Microcontroller that controls the servo motors, reads RTC time, and manages LCD 

and alert devices. 

2. ESP32 Module – Provides Wi-Fi connectivity to push data to IoT platforms and send notifications. 

3. Servo Motors – Used for automated rotation of pill compartments to release the correct dose. 

4. Pill Organizer / Automatic Dispenser – Divided compartments store daily medication doses. 

5. RTC (Real-Time Clock) – DS3231 module ensures accurate timekeeping for scheduled dispensing. 

6. 16x2 LCD Display – Displays medicine name, dosage time, and system status. 

7. Buzzer & LED – Audio-visual reminder system for patients. 

8. Power Supply – Provides required voltage to Arduino, ESP32, and servo motors. 

 

5.3 Software Requirements 

1. Arduino IDE – Used for programming Arduino Uno and ESP32 modules. 

2. ESP32 Wi-Fi Libraries – For IoT integration and data transmission to cloud services. 

3. RTC Libraries (RTClib) – To interface Arduino with the RTC module. 

4. LCD Libraries (LiquidCrystal.h) – For controlling the 16x2 LCD display. 

5. IoT Platform – Platforms like Adafruit IO or ThingSpeak to visualize medication schedules and 

alerts. 

6. Mobile App / Web Dashboard – Optional for remote monitoring, notifications, and logs. 

 

IV. HARDWARE COMPONENTS  

 

6.1 Arduino Uno 

The Arduino Uno is a widely used microcontroller board based on the ATmega328P. It serves as the central 

control unit of the smart medicine dispenser, managing inputs from the RTC module, controlling servo 

motors for pill dispensing, and driving output devices like the LCD display, buzzer, and LEDs. Arduino Uno 

is chosen for its ease of programming, cost-effectiveness, and extensive library support. 
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6.2 ESP32 for IoT Connectivity 

The ESP32 module is a powerful microcontroller with built-in Wi-Fi and Bluetooth capabilities. In this 

project, it enables IoT connectivity, allowing real-time data transmission to cloud platforms such as Adafruit 

IO. This feature facilitates remote monitoring of medicine schedules and alerts, ensuring caregivers can track 

patient adherence. 

 

 

 

 

 

 

 

6.3 Servo Motor Mechanism 

Servo motors are used to rotate the pill compartments of the dispenser accurately to release the correct dosage 

at scheduled times. The Arduino sends precise PWM signals to control the rotation angle, ensuring accurate 

and timely pill dispensing. Servo motors are preferred for their precision, compact size, and low power 

consumption. 
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6.4 RTC (Real-Time Clock) 

The RTC module (DS3231) provides accurate timekeeping for the system, independent of power 

fluctuations. It maintains the correct schedule for dispensing medicines, even when the system is powered off 

temporarily. The RTC ensures timely alerts and medication adherence, which is critical for patient safety. 

 

 

 

 

 

 

 

 

 

6.5 16x2 LCD Display 

The 16x2 LCD display provides real-time feedback to the user. It displays information such as medicine 

name, dosage time, and system status. This component improves user interaction by allowing patients to 

verify their medication schedule and confirm successful dispensing. 

 

 

 

 

 

 

 

 

 

6.6 Buzzer & LED for Alerts 

The system uses a buzzer and LEDs to generate audio-visual alerts when it is time to take medication. The 

buzzer produces a sound notification, while the LED blinks simultaneously to ensure the alert is noticed. 

These components are crucial for patients with hearing or visual impairments. 
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6.7 Pill Organizer / Automatic Dispenser 

The pill organizer/dispenser contains multiple compartments for storing daily or weekly medication doses. 

The servo motor mechanism rotates the correct compartment at scheduled times, dispensing the pill 

automatically. This reduces human error and ensures precise medication administration, enhancing patient 

compliance. 

 

 

 

 

 

 

 

 

 

 

 

 

V. METHODOLOGY 

 

The methodology section outline the plan and method that how the study is conducted. This includes Universe 

of the study, sample of the study, Data and Sources of Data, study’s variables and analytical framework. The 

details are as follows; 

 

7.1 Working Principle of the Smart Dispenser 

The proposed IoT-based Smart Medicine Dispenser automates the process of storing and dispensing 

medicines at pre-defined times. The Arduino Uno serves as the central controller, receiving the current time 

from the RTC (Real-Time Clock) module. Based on the programmed schedule, the Arduino sends signals to 

the servo motor, which rotates the correct compartment of the pill organizer, releasing the prescribed dose. 

The 16x2 LCD display shows the current medicine to be taken, while the buzzer and LED alert the patient 

at the scheduled time. The ESP32 module ensures that the system is connected to the cloud, allowing remote 

monitoring of medication adherence and real-time notifications. 

 

7.2 Scheduling & Time-Based Pill Release 

The system allows users or caregivers to set daily or weekly schedules for medicine dispensing. The RTC 

module continuously tracks the current time and triggers the servo motor when the dispensing time matches 

the pre-set schedule. 

Steps in scheduling: 

1. Input the medicine schedule (time and dosage) via Arduino programming or IoT dashboard. 

2. RTC provides real-time clock data to Arduino. 

3. Arduino compares current time with scheduled times. 

4. When a match occurs, the corresponding pill compartment is rotated to release the dose. 

5. LCD displays the medicine name and dosage information. 

This time-based automation ensures accurate and timely medicine administration, reducing the risk of missed 

or incorrect doses. 
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7.3 Alert & Reminder Generation 

To ensure the patient notices the scheduled medicine, the system generates audio-visual alerts: 

 Buzzer: Emits a loud sound to notify the patient. 

 LED: Blinks simultaneously to provide a visual cue. 

 LCD Display: Shows medicine name and dosage instructions. 

If the patient does not take the medicine within a predefined period, the system can generate repeated alerts 

or notify caregivers via the IoT dashboard, enhancing adherence and safety. 

 

7.4 IoT Connectivity & Data Logging 

The ESP32 module connects the system to an IoT platform such as Adafruit IO, enabling: 

 Remote monitoring: Caregivers can track medication schedules and confirm doses. 

 Data logging: The system records timestamps of each medicine dispensed. 

 Notifications: Automatic push alerts can be sent to mobile apps or web dashboards if a dose is missed.  

This integration allows the smart dispenser to provide not just automated medicine release but also 

comprehensive monitoring and reporting, making it suitable for home healthcare and elderly care applications.  

IV. IMPLEMENTATION 

 

 

8.1 Circuit Design & Connections 

 

 

 

 

 

 

 

The hardware components are interconnected to automate the smart medicine dispenser efficiently. Key 

connections include: 

 Arduino Uno connects to the RTC module (DS3231) via I2C interface (SDA, SCL pins) to retrieve 

real-time data. 

 Servo motors are connected to the Arduino PWM pins to control the rotation of pill compartments. 

 16x2 LCD display is connected using digital pins (RS, E, D4–D7) to display medicine information. 

 Buzzer and LED are connected to digital pins to generate audio-visual alerts. 

 ESP32 module interfaces with Arduino via serial communication (TX/RX) for IoT connectivity. 

 Power supply ensures stable voltage to Arduino, ESP32, servo motors, and peripherals. 

The circuit ensures smooth coordination between timekeeping, pill dispensing, alert notifications, and IoT 

communication. 
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8.2 Arduino IDE Programming 

 

 

 

 

 

 

 

The Arduino IDE is used to program the dispenser’s core functions: 

1. Initialize components (RTC, LCD, buzzer, LEDs, servo motors). 

2. Read current time from the RTC module. 

3. Compare current time with the scheduled medicine dispensing time. 

4. Trigger servo motor to rotate the pill compartment when it is time to dispense. 

5. Display medicine name and dosage on the LCD. 

6. Generate alerts through buzzer and LED. 

7. Send logs and notifications via ESP32 to IoT dashboard. 

Libraries used: 

 RTClib.h for RTC interfacing. 

 Servo.h for controlling servo motors. 

 LiquidCrystal.h for LCD display. 

 WiFi.h and AdafruitIO_WiFi.h (or ThingSpeak libraries) for IoT communication. 

 

8.3 Integration of RTC with Dispenser 

The RTC module maintains accurate time even during power outages. 

 Arduino reads the current time periodically. 

 The system checks if the current time matches any predefined medication schedule. 

 If a match occurs, the servo motor rotates the corresponding compartment to release the pill.  

 LCD displays the medicine details, and alerts (buzzer + LED) are triggered simultaneously. 

 

8.4 ESP32 Setup for IoT Dashboard (Adafruit IO) 

1. Connect ESP32 to Wi-Fi using SSID and password. 

2. Create dashboard on Adafruit IO or ThingSpeak. 

3. Configure data feeds to log medication events, such as: 

o Time of dispensing. 

o Medicine name. 

o Alerts triggered. 

4. Send data from Arduino via ESP32 to the IoT platform using HTTP/MQTT protocols. 

5. Visualize logs and trends for remote monitoring by caregivers or family members. 
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8.5 Mobile or Web Notification Configuration 

 The IoT platform can push notifications to mobile devices or web dashboards. 

 Notifications include: 

o Scheduled medicine alerts. 

o Missed dose warnings. 

o Confirmation of successful dispensing. 

 Optional: Integration with IFTTT or Blynk for custom mobile alerts. 

This implementation ensures the system is fully automated, provides accurate medication management, and 

allows remote monitoring, making it highly reliable for patients and caregivers. 

V. RESULTS AND DISCUSSION  

 
 

9.1 Output of Dispenser Mechanism 

The servo motor-based pill dispensing mechanism successfully rotated and released the correct medication 

at scheduled times. During testing, the system demonstrated precise alignment of the pill compartments, 

ensuring accurate dosage without spillage or misplacement. The mechanism operated smoothly under 

different load conditions, confirming its reliability for daily use. 

9.2 RTC-Based Scheduling Accuracy 

The RTC (DS3231) module maintained accurate time throughout testing. The system triggered pill 

dispensing within ±1 second of the scheduled time, confirming high scheduling precision. This ensures that 

patients receive their medications exactly at the prescribed times, which is critical for chronic and time-

sensitive treatments. 

9.3 LCD Display Outputs 

The 16x2 LCD display effectively showed real-time information: 

 Current date and time from RTC. 

 Medicine name and dosage instructions. 

 System status, such as “Pill Dispensed” or “Next Dose at [time].” 
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The display enhanced user interaction and allowed patients to verify their medication schedule easily. 

 

9.4 IoT Data Logs & Notification Alerts 

The ESP32 module successfully transmitted data to the IoT dashboard (Adafruit IO / ThingSpeak). Logged 

data included: 

 Time of pill dispensing. 

 Name of medication released. 

 Alert notifications triggered. 

Remote notifications were delivered to mobile devices, ensuring caregivers could monitor adherence in real 

time. This IoT integration adds an extra layer of supervision, particularly beneficial for elderly patients or 

those living alone. 

9.5 Performance Evaluation 

 Dispensing Accuracy: 100% correct dispensing observed in multiple test cycles. 

 Response Time: Less than 1 second between scheduled time and actuation of servo motor. 

 Alert Reliability: Buzzer and LED alerts triggered consistently at scheduled times. 

 IoT Data Transmission: Average latency of 2–3 seconds for cloud update and notification delivery. 

The system demonstrated high efficiency, minimal latency, and consistent operation, meeting the project 

objectives. 

9.6 User-Friendliness and Reliability 

The system is designed to be user-friendly, requiring minimal intervention. Features contributing to ease of 

use include: 

 LCD display for real-time updates. 

 Visual and audio alerts for attention. 

 IoT-enabled notifications for caregivers. 

Reliability is ensured through: 

 Accurate RTC-based scheduling. 

 Servo motor precision. 

 Continuous IoT monitoring with data logging. 
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