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Abstract

Medication non-adherence is a critical challenge in
modern healthcare, particularly for patients managing
chronic conditions like diabetes and cardiovascular
dis-eases. Busy lifestyles, cognitive decline, and
complex multi-drug regimens frequently cause
patients to miss doses, leading to disease progression
and increased hospital readmissions. Traditional
reminder methods, such as manual alarms and written
schedules, are of-ten unreliable. To address these
limitations, this paper presents a Smart Medicine
Reminder System, an auto-mated electronic solution
designed to improve patient compliance and safety.
The system utilizes a microcon-troller architecture
integrated with a Real-Time Clock (RTC) module for
precise time tracking. Upon reach-ing a preset
schedule, the system triggers multi-sensory alerts via

audio buzzers and visual LCD displays, while guiding

the user to specific medication compartments
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to eliminate confusion. Furthermore, the system logs
compliance data—including exact consumption times
and missed doses—providing valuable records for re-
mote caregiving and clinical analysis. The results
demonstrate that this automated system effectively re-
duces human error, decreases caregiver burden, and
en-hances health outcomes. It offers a scalable
platform adaptable for mobile application integration
and future Al-driven sensors.

Keywords: Smart Medicine Reminder, Medica-
tion Adherence, Healthcare Automation, Microcon-
troller, Real-Time Clock, Patient Compliance, Chronic

Disease Management.

1. Introduction

In the modern era, healthcare systems worldwide face
an escalating challenge due to the rising prevalence of

chronic conditions, such as diabetes, hypertension, and
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cardiovascular diseases. Managing these long-term ill-
nesses effectively requires patients to adhere strictly to
complex, time-sensitive medication regimens. How-
ever, statistics show that a significant portion of pa-
tients fail to follow their prescribed schedules. This
phenomenon, known as medication non-adherence, is
driven by factors such as demanding daily routines,
high stress levels, age-related cognitive decline, and
memory impairment. For elderly demographics, the
risk is compounding. Older adults are frequently pre-
scribed multiple drugs daily (polypharmacy), making
it difficult to track the exact timing and correct dosage
for each pill without intervention. When doses are
missed or taken incorrectly, the consequences are se-
vere: clinical symptoms worsen, recovery is delayed,
and preventable hospital readmissions spike, creating
a massive burden on global healthcare infrastructure.
Traditionally, patients have relied on manual man-
agement tools, including handwritten schedules, sim-
ple digital alarms, or verbal reminders from family
members. While well-intentioned, these conventional
methods lack accountability and fail when a patient is
asleep, busy, or suffering from advanced memory loss.
Consequently, there is an urgent demand for an
autonomous, intelligent, and mistake-proof interven-
tion capable of assisting vulnerable individuals with-
out requiring continuous human oversight. To address
this gap, this paper introduces the Smart Medicine Re-
minder System, an automated electronic platform de-
signed to streamline medication management. Built
around an accessible microcontroller architecture (e.g.,
Arduino) and a Real-Time Clock (RTC) module, the
system ensures precision timekeeping independent of
external networks. By utilizing a combination of multi-
sensory alerts—such as buzzers and targeted visual

indicators—the device guides patients to the correct
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medicine compartment at the exact designated time,
eliminating confusion. Beyond acting as a standard
alarm, the system features automated logging capa-
bilities to track user compliance, recording missed
doses and intake times to assist healthcare providers in
clinical evaluations. This technological framework
bridges the gap between passive reminders and proac-
tive healthcare automation, ultimately enhancing pa-
tient autonomy, minimizing caregiver stress, and op-

timizing long-term therapeutic outcomes.

2. Literature Survey

The development of automated healthcare devices has
seen significant progress with the integration of In-
ternet of Things (IoT) and embedded systems. Sev-eral
researchers have explored diverse methodologies to
tackle medication non-adherence using smart hard-
ware interfaces.

A smart pillbox integrated with an Android ap-
plication was proposed to assist elderly patients with
multi-dose regimens. The system utilized an Arduino
microcontroller connected to a Bluetooth module to
send mobile alerts. While effective at local notifica-
tions, the system relied heavily on a continuous smart-
phone connection, limiting its utility for users unfamil-
iar with mobile apps [?].

To provide remote monitoring capabilities, an loT-
based medication adherence system utilizing a Wi-Fi
module was developed. This architecture allowed care-
givers to receive real-time updates regarding missed
doses via a cloud server. However, the continuous
wireless transmission resulted in high power consump-
tion, rendering the device inefficient for long-term
battery-operated setups [?].

Recognizing the constraints of network-dependent

Page 2


https://ijsrem.com/

}International Journal of Scientific Research in Engineering and Management (IJSREM)

SJIF Rating: 8.659 ISSN: 2582-3930

w Volume: 10 Issue: 10 | Oct - 2026

systems, researchers have investigated standalone con-
figurations using Real-Time Clock (RTC) modules. A
localized reminder system employed a DS1307 RTC
and an alphanumeric LCD to show dosage instructions
directly on the device. While this approach eliminated
external connectivity dependencies, the lack of direc-
tional indicators meant patients still struggled to iden-
tify the correct medication compartment [?].

To optimize the hardware performance of such
wearable and portable medical devices, recent liter-
ature has heavily focused on energy efficiency. Be-
cause smart reminder systems must operate reliably
over extended periods, authors in [?] and [?] demon-
firmware

strated that implementing sleep-mode

config-urations dramatically reduces a

microcontroller’s idle state current. Furthermore,
optimizing hardware via low-dropout (LDO) voltage
regulators has been proven to maximize the shelf life
of internal lithium batter-ies without compromising
multi-sensory alarm triggers like audio buzzers and
LED arrays [?, ?].

Based on the existing literature, while multi-
sensory alerts and power optimization techniques have
been studied independently, there remains a gap in a
unified, low-power standalone architecture that offers
precise compartmental guidance alongside mnon-
volatile compliance logging. This paper addresses

these lim-itations by developing an integrated, energy-

efficient Smart Medicine Reminder System.
3. Proposed Methodology

The proposed Smart Medicine Reminder System is an
automated and intelligent solution designed to over-
come the limitations of existing manual methods. This
system uses a microcontroller-based design to provide

timely reminders for taking medicines. It allows users
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to set specific timings for different medicines, ensuring
accurate and consistent medication schedules. In ad-
dition, the system can include advanced features such
as RFID technology or sensors to detect whether the
medicine has been taken or not. If the medicine is not
taken within a certain time, the system can send
notifications or alerts to caregivers using GSM or loT
modules. This improves monitoring and ensures better
patient care. The proposed system is user-friendly, re-
liable, and efficient. It reduces human errors, improves
medication adherence, and minimizes dependency on
others. It is especially useful for elderly patients and
individuals with busy lifestyles. Overall, the system
provides a smart and effective solution for proper med-

ication management and enhances healthcare support.

4. Block Diagram

Smart Medicine Reminder System Using Arduino

RTC Module
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Figure 1: Block Diagram
The fig [1]:shows the block diagram of the proposed

model. The Smart Medicine Reminder System con-
sists of several interconnected components that work
together to provide timely medication reminders. The
power supply unit provides the required electrical en-
ergy to all parts of the system and ensures proper func-
tioning. The microcontroller (such as Arduino) acts as
the central processing unit of the system. It con-trols
all operations, processes inputs, and sends signals to

different components based on the programmed in-
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structions. All other modules are connected to this unit.
The Real-Time Clock (RTC) module is used to main-
tain accurate time and continuously updates the current
time. It helps the system compare the preset medicine
schedule with the real-time clock to trigger alerts at the
correct moment. The LCD display is used to show
important information such as medicine name, dosage
time, and instructions for the user. It provides a clear
visual indication of what action needs to be taken. The
buzzer and LED indicators are used to alert the user.
The buzzer gives an audible alarm, while the LED pro-
vides a visual signal, ensuring that the reminder is no-
ticed even in noisy or silent environments. In advanced
systems, an RFID module or sensors are included to
de-tect whether the medicine has been taken or not.
This helps in monitoring patient compliance and
reduces the chances of missed doses. Additionally, a
GSM or IoT module can be integrated into the system
to send no-tifications or alerts to caregivers or family
members if the patient fails to take the medicine on
time. This fea-ture improves remote monitoring and
enhances patient safety. All these components work
together under the control of the microcontroller to
form an efficient and reliable system for managing
schedules and

medication improving healthcare

support.

5. Hardware Components

The proposed Enhanced Long Life Battery System
consists of four major hardware components that work
together to reduce power consumption and improve

battery life.
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5.1. MICROCONTROLLER (ARDUINO)
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Figure 2: Microcontroller

fig[2]:shows that, the microcontroller is the main con-
trolling unit of the system. It acts as the brain and man-
ages all operations such as reading time from the RTC,
comparing it with preset medicine timings, and activat-
ing output devices like buzzer, LED, and display. It is
programmed using Arduino IDE and controls the

entire system efficiently.

5.2. REAL-TIME CLOCK (RTC) MODULE

MH-Real-Time

Figure 3: Real Time Clock

The Fig [3]:shows that, the RTC module is used to
maintain accurate current time and date. It continues to
run even when the system is powered off using a
backup battery. This ensures that the system provides

alerts at the correct time without any delay or error.
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5.3. LCD DISPLAY

Figure 4: Lcd display

The Fig [4]: shows that,the LCD (Liquid Crystal Dis-
play) is used to show important information such as
medicine name, time, and instructions. It helps the user
clearly understand which medicine to take and when to
take it.

5.4. BUZZER

) S

Figure 5: Buzzer

The Fig[5]:shows that, when the medicine time is
reached, the buzzer produces an audible signal to no-
tify the user. It is very useful in catching the attention

of the patient.

5.5. LED INDICATOR
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O

Figure 6: LED Indicators

fig[6]: shows that, LEDs are used as visual indica-tors.
They glow when it is time to take medicine. In some
systems, different LEDs may indicate different
medicine compartments, helping the user identify the

correct medicine easily.

5.6. MEDICINE BOX / COMPARATORS

~

Figure 7: Medicine box/Comparators

fig[7]:shows that, the medicine container is divided
into sections to store tablets for different times of the
day. In advanced systems, compartments may open
automati-cally or light up to indicate which medicine

to takes.

5.7. RFID MODULE

Figure 8: RFID Module

fig[8]:shows that, the RFID (Radio Frequency Identifi-
cation) module is used to identify medicines using tags.
Each medicine can have a unique RFID tag, and the
system verifies whether the correct medicine is taken.

It also helps in tracking medication usage

5.8. SENSORS

Figure 9: Sensors
fig[9]:shows that, sensors such as weight sensors or

infrared sensors can be used to detect whether the
medicine has been removed from the box. This helps

n
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confirming whether the patient has taken the medicine

or not.

5.9. GSM/IOT MODULE

Figure 10: GSM Module/IOT Module

fig[10]:shows that, this module is used for commu-
nication purposes. It can send messages or notifica-
tions to caregivers or family members if the medicine
is missed. [oT modules can also enable remote moni-

toring through mobile applications.

6. Working Principle

The methodology of the Smart Medicine Reminder
System involves a systematic process of designing, de-
veloping, and implementing both hardware and soft-
ware components to ensure accurate and timely med-
ication reminders. The first step begins with identify-
ing the problem of medication non-adherence and se-
lecting suitable electronic components such as a mi-
crocontroller (Arduino), Real-Time Clock (RTC),
LCD display, buzzer, LED indicators, and optional
modules like RFID, sensors, and GSM/IoT. In the
system de-sign phase, a proper block diagram and
circuit dia-gram are prepared to establish connections
between all components. The microcontroller is
programmed us-ing embedded C or Arduino IDE to
control the sys-tem operations. The RTC module is
initialized and synchronized with the current time to
maintain accu-rate timing even during power
interruptions. Next, the hardware setup is implemented

by connecting all com-
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ponents according to the design. The LCD is inter-
faced to display messages, while the buzzer and LED
are connected to provide alert signals. The system is
then programmed to accept user inputs for setting
medicine schedules, including multiple timings for dif-
ferent medicines throughout the day. Once the sys-tem
is initialized, it continuously monitors the real-time
clock and compares it with the predefined medicine
schedule. When the current time matches the sched-
uled time, the microcontroller activates the buzzer and
LED to alert the user. At the same time, the LCD dis-
plays the specific medicine information, ensuring clar-
ity for the user. In advanced implementations, RFID
tags or sensors are used to detect whether the medicine
has been taken from the container. This adds a mon-
itoring feature to the system. If the medicine is not
taken within a specified time, the system can gener-ate
repeated alerts or send notifications to caregivers
through GSM or [oT modules, enabling remote mon-
itoring. The system also includes a reset or snooze
function, allowing users to delay alerts for a short du-
ration if needed. Power management techniques are
considered to ensure continuous operation of the sys-
tem. Finally, the system is tested under different con-
ditions to verify accuracy, reliability, and performance.
The methodology ensures that the system operates effi-
ciently, reduces human errors, and provides a depend-
able solution for proper medication management. This
structured approach makes the system suitable for real-

world healthcare applications.
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7. Results and Discussion

Figure 11: Complete hardware setup of the smart
medicine reminder system
Fig[11]:The functional prototype of the Smart

Medicine Reminder System underwent rigorous
testing to evaluate its timekeeping accuracy, alert
synchro-nization, multi-compartment operational
logic, and overall power consumption profile. The
system was continuously operated over a simulated 72-
hour cycle consisting of four distinct daily medication

intervals
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(Morning, Afternoon, Evening, and Night).

7.1. Timing Precision and Alert Synchroniza-

tion

Figure 12: Aurdino

The timekeeping accuracy relied heavily on the
hardware-driven DS3231 RTC module. Throughout
the evaluation period, the deviation between the sys-
tem clock and standard network time was negligible,
registering less than 0.5 seconds of drift per day due to
the integrated temperature-compensated crystal oscil-
lator (TCXO).

When a scheduled medication time was reached,
the microcontroller executed its interrupt ser-vice
routine within milliseconds. The alert se-quence—
comprising the local 16x2 12C LCD readout, visual
compartment LED illumination, and a pulsed
piezoelectric buzzer frequency—triggered instanta-
neously without execution lag. The multi-sensory noti-
fication suite achieved a 100% operational success rate

with zero missed alerts across all evaluation phases.

7.2. User Interface and Compliance Logging

The integration of a localized 16x2 alphanumeric dis-
play allowed the system to output direct instructions,
effectively mitigating patient ambiguity. By providing
specific text strings indicating which compartment to
open, the average cognitive load on the user was re-
duced.

Concurrently, compliance monitoring routines

functioned as intended. Whenever an alarm was trig-
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gered, the exact status (whether the dose was marked
as cleared by the user or timed out as missed) was
logged into the microcontroller’s internal EEPROM.
The lay-out of this internal non-volatile storage
accurately re-tained records over simulated power
cycles, demon-strating the device’s reliability for

clinical audits and remote caregiving reviews.

7.3. Performance Metrics Summary

The hardware characteristics and quantitative testing
limits observed during the experimental deployment
are compiled in Table ??2.

The empirical performance data confirms that bal-
ancing an interrupt-driven software model with a hard-
ware clock achieves reliable, high-precision health au-
tomation. The device operates within strict energy lim-
its, confirming its long-term viability as a standalone,

portable clinical helper.

8. Future Scope

While the current prototype of the Smart Medicine Re-
minder System provides a robust, standalone solution
for medication adherence, several technical enhance-
ments can be integrated to scale its capabilities for
modern smart healthcare environments. Future work
will focus on expanding the system across the follow-

ing domains:

* [IoT and Cloud Integration: Incorporating
wireless communication modules such as Wi-Fi
(ESP8266/ESP32) or Cellular IoT (GSM/NB-
IoT) will allow the device to synchronize data
with a centralized cloud server. This will enable
real-time dashboard tracking for remote care-
givers and automated SMS or push notification

alerts when a patient misses a critical dose.
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* Mobile Application Development: Develop-
ing a dedicated cross-platform mobile applica-
tion (10S and Android) will streamline the con-
figuration process. Instead of hardcoding sched-
ules into the microcontroller, caregivers will be
able to dynamically program, update, and mod-
ify complex multi-drug regimens via an intuitive
smartphone interface over Bluetooth Low En-

ergy (BLE).

» Al-Driven Analytics and Visual Sensors: In-
tegrating compact machine learning models and
computer vision sensors (such as an ESP32-
Cam) can elevate the system from a passive re-
minder to an active verification tool. Image pro-
cessing algorithms can be trained to recognize
specific pill shapes and colors, verifying not
only that a compartment was opened, but that the

medication extracted and

cor-rect was

consumed.

» Advanced Bio-Sensing and Biometrics: Fu-
ture iterations can integrate biometric authenti-
cation (such as fingerprint scanning) to ensure
that only the designated patient can unlock and
access specific medication slots, preventing ac-
cidental double-dosing or misuse by other fam-
ily members. Additionally, linking the system to
wearable health monitors can delay non-urgent
medication if a patient’s vital signs (e.g., heart
rate or blood pressure) are temporarily outside

safe operational bounds.

9. Conclusion
Medication non-adherence remains a persistent and

costly barrier to effective chronic disease management
globally. This paper successfully demonstrated the de-

sign, implementation, and empirical verification of a
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