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ABSTRACT

Medication non-adherence remains a critical challenge in healthcare, often leading to poor treatment outcomes, increased
hospitalizations, and higher healthcare costs. This study presents the design and development of an Automated Drug Intake
Reminder System using embedded technology, aimed at improving patient compliance through timely alerts and accurate
dosage management. The proposed system integrates a microcontroller, real-time clock (RTC), alert module, and display
interface to generate audio-visual notifications at predetermined medication schedules. The system also incorporates user-
friendly input controls for setting medication timings and an acknowledgment mechanism to confirm drug intake.
Prototype testing demonstrated reliable performance, low power consumption, and consistent alert accuracy across
multiple medication cycles. The developed system is cost-effective, portable, and suitable for elderly patients, chronically
ill individuals, and those requiring multi-dose prescriptions. This work highlights the potential of embedded-based
solutions to support personalized healthcare and enhance medication adherence in resource-limited environments.

Keywords: Medication adherence, Embedded system, Drug intake reminder, Microcontroller-based alert system.

INTRODUCTION low power consumption. These systems offer
programmable functionalities that allow automation of
routine tasks, including medication reminders. Traditional
reminder methods such as manual pill organizers, written
notes, or mobile alarms are often ineffective because they
lack  personalization, multi-dose  scheduling, and
confirmation features. Automated medication reminder
systems have evolved significantly with the integration of
embedded electronics, IoT connectivity, and intelligent
monitoring algorithms. Recent studies highlight how

Medication adherence is a fundamental component of
effective  healthcare management, particularly for
individuals with chronic illnesses such as diabetes,
hypertension, cardiovascular disease, and neurological
disorders. Despite advancements in medical sciences, non-
adherence to prescribed medication schedules remains a
widespread problem, contributing to deteriorating health
conditions, prolonged recovery periods, and increased
healthcare expenditure. Elderly patients, visually impaired

individuals, and those with memory-related challenges are
most susceptible to missing or incorrectly administering
medication doses. Recent technological developments have
led to the emergence of assistive devices that support
patient self-management. Shown In Figure.l Embedded
systems, in particular, have become a crucial part of
modern healthcare due to their reliability, compactness, and

microcontroller-based reminder devices, smart pillboxes,
and sensor-equipped adherence tools improve patient
compliance by providing timely alerts, environmental
awareness, and remote monitoring capabilities (Deshpande
et al., 2022; Gardare et al., 2022; Bhat et al., 2024). 1oT-
enabled medication  management systems have
demonstrated their value in reducing missed doses and
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simplifying complex drug routines, particularly in elderly
populations and patients undergoing long-term therapies
(Dhole et al., 2025). Modern adherence platforms
increasingly incorporate conversational interfaces, Al-
driven feedback, and machine-learning-based risk
prediction, extending these systems beyond simple alarms
toward adaptive, patient-centered solutions (Fadhil, 2018;
Gu et al., 2020; Guido ef al., 2024). Parallel innovations in
biomedical sensing and embedded healthcare systems
reveal how low-cost digital stethoscopes, real-time
physiological monitors, and signal-processing algorithms
enhance patient engagement and clinical decision-making
principles that directly inspire embedded medication
reminder design (Al-Emadi et al., 2019; Grooby et al.,
2021). Advances in pattern recognition, particularly SVM-
and deep-learning-based biomedical analysis, demonstrate
the effectiveness of lightweight classification models in
healthcare devices, suggesting potential integration of
similar intelligence within medication reminder systems for
personalized adherence prediction (Abdullah et al., 2012;
Chaplot et al., 2006; Feng, 2021; Atia et al., 2022; Adamu
et al., 2024). These developments underscore a broader
technological shift toward hybrid embedded—Al healthcare
platforms that combine sensing, classification, and user-
centered feedback loops.

While traditional strategies such as alarms and pill
organizers continue to offer basic support, emerging smart
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pillboxes integrate multiple sensing modalities, automated
scheduling, and connectivity, enabling more robust
interventions in low-resource environments and multi-
medicine regimens (Bhat et al., 2024; Gardare et al., 2022).
Complementary technologies such as waste-to-energy
embedded power solutions and sustainable electronic
designs support long-term device deployment, especially in
rural or infrastructure-limited settings (Devasena et al.,
2005). Overall, the integration of microcontrollers, RTC
modules, wireless communication, and intelligent
monitoring architectures positions automated drug intake
reminder systems as reliable, scalable, and patient-friendly
tools capable of improving treatment adherence across
diverse healthcare settings (Guido et al., 2024; Dhole et al.,
2025). Electronic reminder systems including SMS
prompts, audio-visual alerts, and simple electronic devices
represent early strategies for improving patient adherence,
yet their long-term impact remains debated across
healthcare technologies. Studies in digital-health signal
processing show that alert-based interventions often
produce short-term behavioural improvements similar to
patterns observed in real-time biomedical monitoring
systems (Grooby et al., 2021; Zhuge & Rong, 2023).
Machine-learning approaches used in medication-usage
prediction further demonstrate that algorithm-supported
reminders may outperform static reminder devices,
especially when behavioural data streams are integrated
into the monitoring cycle (Gu et al., 2020; Zhang et al.,
2023).

User Data Input Embedded System Notification /Alert
« Patient’s medicine (Microcontroller / « Buzzer / LED
schedule Arduino / Raspberry Pi) « LCD Display
« Medicine details * SMS/ Mobile App
Notification
®<
Trigger
Logging & Monitoring [ Drug Intake
« Record taken / missed > Confirmation
doses L
» Optionally send data
to caregiver or cloud

Figure 1. Automated Drug Intake Reminder System Using Embedded Technology.
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Broader reviews of computational healthcare technologies
reveal that SVM-based decision systems and sensor-
embedded devices significantly enhance digital adherence
monitoring, indicating a shift toward intelligent reminder
ecosystems rather than isolated alert mechanisms (Guido et
al., 2024; Hosseini-Panah et al., 2019). However,
technological performance alone does not guarantee
adherence improvement, with evidence from biomedical
device studies suggesting that user engagement and device
usability play equally critical roles (Pang et al., 2021;
Kashyap & Rajender, 2021). The emergence of embedded
and IoT-enabled pill-management systems has transformed
medication support from simple reminders to integrated
monitoring  platforms.  Several = hardware—software
architectures demonstrate how microcontrollers, RTC
modules, and multisensor interfaces can provide real-time
supervision of medication intake, paralleling trends seen in
wearable stethoscope systems and telehealth respiratory
monitors (Li et al., 2024; Mahalakshmi et al., 2025). These
systems leverage remote alerting, intake logging, and
intelligent scheduling capabilities also reflected in
environmentally responsive biomedical applications and
nanoparticle-enabled diagnostic platforms (Sindhuja et al.,
2025; Vijay Krishanan et al., 2025). loT-based pill-
reminder devices developed using Arduino or STM32
microcontrollers  have reported improved patient
compliance due to automated alarms, GSM-based
messaging, and structured dosage supervision (Wang et al.,
2025; Saran et al., 2025).

Recent implementations emphasize simplicity and
accessibility, aligning with user-centric design principles
integral to community-level health technologies such as
mosquito-management systems and nutritional-intervention
devices (Swetha et al., 2025; Muspira et al., 2025). User
acceptability studies highlight that older adults and
medically vulnerable populations respond positively to
smart pill-reminder technologies when the interface is
intuitive and the perceived benefit outweighs potential
complexity. Research on medication-support devices
indicates strong willingness among patients to adopt
reminder-enabled hardware, provided cost barriers are
minimized and usability is tailored to non-technical users
findings consistent with trends in clinical tele-auscultation
and remote cardiac-respiratory monitoring (Zhang M. et al.,
2023; Nafisa Farheen et al., 2025). Despite promising
results, systematic evaluations of long-term adherence
remain limited; most studies focus on technical feasibility
rather than sustained behavioural outcomes, similar to
limitations seen in  emerging infectious-disease
management reviews and respiratory-hazard assessments
(Revathi et al., 2025; Rubala Nancy et al., 2025;
Mahalakshmi et al., 2025). Current evidence suggests that
while simple SMS- or alert-based devices show mixed
effectiveness, integrated IoT systems combining sensing,
logging, notifications, and remote supervision offer a more
robust pathway toward addressing adherence challenges in
real-world settings (Siddigha et al., 2024; Gardare et al.,
2022; Vadhnani et al., 2022).
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MATERIALS AND METHODS

The study adopts an experimental research design centered
on the development, implementation, and evaluation of an
embedded medication-reminder prototype, following
structured engineering methodologies similar to those
applied in real-time diagnostic and biomedical monitoring
systems (Al-Emadi et al., 2019; Li et al., 2024). The
system integrates core hardware modules including a
microcontroller, RTC, alert mechanisms, and a user
interface with embedded C-based firmware, comparable to
modular architectures reported in smart pill-management
and IoT-enabled reminder systems (Bhat et al., 2024;
Deshpande et al., 2022). The system architecture consists
of four major modules: the control unit, implemented using
an ATmega/Arduino microcontroller responsible for
schedule comparison and trigger activation, reflecting
efficiency-focused designs seen in prior embedded
healthcare devices (Wang ef al., 2025); a time-management
module using the DS3231 RTC communicating over I*C,
similar to timing-critical components utilized in clinical
monitoring systems (Pang et al, 2021); an alert and
notification module employing a buzzer, LEDs, and an
LCD for visual display, consistent with multimodal
feedback approaches used in digital adherence and
telehealth devices (Gu et al., 2020); and a user-interaction
module integrating push buttons and acknowledgment
controls, paralleling user-driven interfaces reported in
SVM-assisted medical device frameworks (Guido et al.,
2024; Hosseini-Panah et al., 2019).

Firmware development was performed in C/C++ using
the Arduino IDE, incorporating time-retrieval logic, multi-
dose scheduling, EEPROM-based storage, debounce
handling, and acknowledgment logging, reflecting software
engineering practices found in intelligent bio-signal and
MRI-processing systems (Atia et al., 2022; Zhang et al.,
2015). Modular programming enhanced scalability and
maintainability, a feature widely emphasized in telehealth
and multi-sensor respiratory monitoring solutions (Zhang
M. et al., 2023). Hardware components were initially
assembled on a breadboard for prototyping and later
transitioned to a PCB for structural stability, following
development cycles documented in IoT-based medication
and health-monitoring prototypes (Dhole et al., 2025; Saran
et al., 2025). A regulated 5V adapter supplied consistent
power, aligning with standardized embedded-system power
design requirements (Gardare et al., 2022).

The prototype underwent three categories of evaluation
Revathi et al., 2025. The timing-accuracy test compared
RTC-triggered alerts with a calibrated digital clock,
addressing  timing-sensitivity =~ concerns  commonly
highlighted in biomedical signal systems (Grooby et al.,
2021). Alarm-reliability testing included multiple 24-hour
operational cycles to assess consistency, a strategy similar
to stress-testing methods employed in real-time diagnostic
imaging and classification systems (Adamu et al., 2024;
Chaplot et al., 2006). Finally, a user-evaluation study with
10 volunteers (ages 18—60) assessed usability, readability,
and alert clarity, aligned with human-factors assessment
approaches adopted in conversational-Al adherence tools
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and patient-centric health interfaces (Fadhil, 2018; Kashyap
& Rajender, 2021). Collectively, this methodological
framework supports rigorous validation of the embedded
reminder system while drawing upon established practices
in smart-health, IoT, and machine-learning-assisted medical
device research (Vankdothu et al., 2022; Zhuge & Rong,
2023).

RESULTS AND DISCUSSION

The RTC module maintained high precision with a
maximum deviation of #1 second/day, consistent with
standard DS3231 specifications. Across 30 trials, alarms
were triggered within the expected schedule window,
demonstrating the system’s suitability for multi-dose
medication reminders. The buzzer and LED alerts
functioned reliably in all test cases. The alarm remained
active until acknowledgment, ensuring patients do not miss
alerts due to distraction. The tests revealed 100% alarm
activation success across 75 scheduled alerts. Participants
rated the system based on five criteria: Ease of setting
schedules, Sound clarity, Display readability, System
reliability, User satisfaction. The average usability score
was 4.5/5, indicating high acceptance. Users appreciated
the dedicated acknowledgment button and the loudness of
alerts, especially elderly participants. Continuous operation
for 48 hours showed no resets, crashes, or timing
irregularities. EEPROM logging of schedules was retained
even when power was disconnected, demonstrating strong
memory stability. The results indicate that the proposed
embedded system is an effective and low-cost solution for
medication adherence support. Compared to smartphone-
based reminders, this system benefits users who lack
technological familiarity. The system is simple, portable,
and easily scalable. However, long-term real-world clinical
evaluation and integration with mobile or cloud systems
would enhance the robustness and therapeutic utility of the
system.

CONCLUSION

This research successfully designed and implemented an
Automated Drug Intake Reminder System using embedded
technology that effectively addresses medication non-
adherence. The incorporation of a microcontroller, RTC,
and user-friendly interface resulted in a reliable system
capable of providing timely alerts, storing schedules, and
tracking acknowledgment. Performance testing
demonstrated excellent timing accuracy, reliability, and
user acceptability. The system is cost-effective and
particularly suitable for elderly patients, individuals with
chronic  illness, and people in resource-limited
environments. Overall, the prototype proves that embedded
solutions can significantly support personal healthcare
management. Future enhancements to the system could
include: IoT Integration: Adding Wi-Fi, GSM, or Bluetooth
to enable caregiver notifications and remote schedule
updates. Automated Pill Dispensing: Integrating a
motorized pill dispensing mechanism to ensure accurate
dosage delivery. Smartphone Application: Developing a
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companion mobile app for advanced scheduling, dose
history, and cloud synchronization. Biomedical Sensor
Integration: Linking vital-sign monitoring (heart rate, BP,
glucose level) to intelligent medication scheduling. Al-
driven Adherence Analytics: Using machine learning to
analyze patient behavior and predict missed doses. Clinical
Trials: Conducting long-term studies in hospitals or
elderly-care homes to validate clinical effectiveness and
user impact on health outcomes.
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