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Abstract:

This paper presents the design and implementation of an intelligent pillbox system engineered to enhance
medication adherence and patient safety. Traditional pill dispensers, while functional, often lack dynamic
oversight and proactive communication capabilities, leading to medication errors and missed doses. Our proposed
system integrates a smart pillbox with a Global System for Mobile Communications (GSM) module and an email
notification service. The pillbox is equipped with individual compartments, each capable of detecting the presence
and dispensing of medication. Upon scheduled times or missed doses, the system triggers a GSM transmission to
pre-registered mobile numbers, alerting caregivers or patients. Simultaneously, it dispatches a detailed email
report to designated medical professionals or family members, providing a comprehensive log of medication
intake. This dual communication strategy aims to create a robust support network, reducing the burden on
individuals with complex medication regimens and mitigating the risks associated with non-adherence. The
system's modular design and user-friendly interface are discussed, along with potential applications in home
healthcare, assisted living facilities, and remote patient monitoring. The system was designed to enhance patient
compliance, provide real-time monitoring for caregivers, and promote independent living for individuals
managing complex medication regimens. Preliminary trials demonstrate significant improvements in medication
adherence rates and caregiver peace of mind, underscoring the potential of this technological intervention.
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INTRODUCTION:

The moment a patient receives a prescription, a critical transfer of responsibility occurs. This seemingly simple
transaction—the handing over of medicine—is, terrifyingly, one of the most volatile points in the healthcare
lifecycle. Medication errors at the dispensing stage are a leading cause of preventable harm worldwide, stemming
from everything from illegible handwriting and sound-alike drug names to fragmented supply chains and
inadequate patient counseling.

The World Health Organization (WHO)'s guidelines for medication dispensing systems, found in documents like
the Joint FIP/WHO guidelines on Good Pharmacy Practice (GPP) and Good Distribution Practice (GDP),
emphasize ensuring the quality and safety of medicines through secure and efficient management. Key
requirements include proper procurement, storage, and delivery, with a strong focus on patient-centered services
and professional accountability for dispensing decisions. While specific reports on automated systems are limited,
the general principles require systems to support rational prescribing, accurate dispensing, and comprehensive
patient information.

In an increasingly complex healthcare landscape, where the average adult over 65 takes five or more medications
daily, a critical challenge silently undermines patient health and strains healthcare systems: medication non-
adherence. For millions battling chronic conditions, navigating intricate dosing schedules, remembering multiple
pills, and managing refills becomes a formidable task. This isn't merely about forgetfulness; it's a systemic issue
rooted in cognitive decline, visual impairments, busy lifestyles, and a fundamental lack of robust, proactive
support mechanisms.

For millions globally, managing daily medication is a complex, high-stakes logistical challenge. Whether it’s an
elderly parent juggling multiple prescriptions, a post-operative patient adhering to a strict antibiotic schedule, or
a busy professional fighting chronic forgetfulness, the simple act of taking a pill on time is often overlooked.
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Statistics show that medication non-adherence costs billions annually and is a leading cause of hospital
readmissions (Ad,2025; Bharathi et al,2025;) .

The traditional pill organizer—a plastic fortress of segmented days—is inherently passive. It can only show you
what should be taken. We need a system that is proactive, communicative, and persistent.

Enter the Intelligent Pill Box, a device that transforms from a static container into a digital safety net, using the
omnipresent power of GSM cellular technology and the reliability of email notifications to guarantee peace of
mind (Budd,2025; Dipti et al,2024; In,2025;).

The key innovation that elevates the intelligent pill box above standard smart home gadgets is its integration of a
GSM module. Most smart devices rely on a stable home Wi-Fi network, which is often unreliable in senior living
facilities, vacation homes, or households lacking technical expertise.

The GSM module bypasses this limitation entirely. Equipped with a simple SIM card, the pill box gains an
independent, dedicated communication channel—a constant, reliable digital phone line. This means the device
can operate anywhere there is cellular service, instantly connecting patients, caregivers, and health providers,
regardless of local internet availability (Karanam,2024; Ka Ku,2024; Kazi,2025;).

1. Real-Time Intervention via SMS (GSM Power)

The primary function of the GSM chip is emergency responsiveness and immediate verification. The pill box uses
internal sensors that detect the physical removal of medicine (Liy,2025; Liyakat,2025;).

The Intervention Cycle:

. Scheduled Time: The box's timer triggers an audible and visual alert for the patient.

. Detection Window: A defined window (e.g., 30 minutes) is allowed for the dose to be taken.

. No Detection: If the scheduled dose is not collected, the GSM module immediately activates.

. Instant Alert: The system sends a predefined SMS text message to the designated caregiver or emergency

contact: "ALERT: John Doe missed 10:00 AM Blood Pressure dose."

This instantaneous, mobile-to-mobile alert capability allows caregivers—who may live states away—to call the
patient immediately for an intervention, preventing a critical lapse in treatment that could lead to serious medical
consequences (Ku,2023;Kut,2024; Muskan,2025; Pathan,2025;).

2. Longitudinal Data and Accountability via Email

While SMS is the perfect tool for emergency intervention, email provides the essential channel for documentation,
accountability, and trend analysis. The pill box compiles data logs (time taken, missed doses, attempted early
doses) and transmits this comprehensive information via the GSM network to a cloud server, which then
distributes reports (Nayak et al,2023; Nerkar et al,2025; Patil et al,2025; ).

The Role of Email:

. Weekly Adherence Reports: Caregivers and physicians receive detailed, aggregate reports every Sunday
morning. This shifts the dynamic from relying on the patient's memory ("Yes, I took all my pills") to objective
data. Doctors can analyze patterns of non-adherence to adjust treatment plans or dosage schedules proactively.

. Proof of Compliance: For complex conditions or clinical trials, email accountability provides a verifiable
record of patient behavior, ensuring the treatment is being followed exactly as prescribed.
. Low-Priority Reminders: If a patient is habitually late but not missing doses entirely, the system can send

a gentler, automated email reminder to the patient's personal inbox: "Reminder: Your evening medication window
starts in 15 minutes."

A Day in the Life with the Intelligent Pill Box: what I expects from this pill box-
Imagine I, who manages my 50-year-old mother, remotely.

At 8:00 AM, Mom's pill box lights up and sounds a chime. She opens the correct compartment and takes her pills.
The sensors log a successful dose.

At 5:00 PM, Mom is busy gardening and misses the alarm for her anticoagulant.

. 5:30 PM (GSM Activation): The 30-minute window closes. The intelligent pill box immediately texts
me: "Muted Alert: Mom missed 5:00 PM dose. Check safety."
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. 5:31 PM (Intervention): I calls Mom, who rushes inside and takes the pill. I remotely logs the successful
catch-up dose via a companion app.

The intelligent pill box, armed with GSM and email, represents a fundamental shift in home health technology. It
is not just an organizational tool; it is a sentient health partner that never sleeps, never forgets, and possesses the
essential power of communication (Iya,2024; Kaz,2024;).

By eliminating the dependence on fickle home Wi-Fi and leveraging the reliable ubiquity of cellular networks,
this smart device ensures that the digital safety net is always active. It moves medication management from a
burden of memory to a framework of proactive accountability, providing the most valuable prescription of all:
unshakeable peace of mind (Pradeepa.2022; Arti et al,2024; Ashok,2025;).

An intelligent medication dispensing system is a device that automates the dispensing of medications at scheduled
times, improves patient adherence, and enhances safety through reminders, alerts, and remote monitoring. These
systems use technology like microcontrollers, Internet of Things (IoT) connectivity, and sensors to manage
medication schedules, ensure the correct dose is taken by the right person, and notify caregivers of missed doses.
Key features include automated dispensing, customizable schedules, visual and auditory alerts, and the ability to
transmit data for tracking and management (Ajmeera et al,2025; Buddi,2024; Ingale et al,2025; Kazi &
Saheb,2025;).

The working of Intelligent Pill box is:

. Scheduling: A microcontroller (like ESP8266) uses a real-time clock to track time and determines when
to dispense medication.

. Dispensing: A mechanism, often a servo or stepper motor, rotates compartments to align with an exit
opening, releasing the correct pills into a collection tray.

° Alerts and Reminders: When it's time to take a dose, the system triggers alarms through flashing lights,
buzzers, and on-screen messages.

° User Interaction: A confirmation button allows the user to acknowledge they've taken their medication,
which stops the alarm and allows the system to proceed to the next dose (Li,2025; More et al,2025;).

° Connectivity (IoT): Wi-Fi or other network connections enable the device to send data and notifications
to a cloud server or a mobile app for remote monitoring by the patient, family members, or healthcare providers
(Ddin,2024; In & Li,2025;).

Key features and benefits:

° Improved Adherence: Automated reminders and dispensing help ensure patients take their medication as
prescribed.

° Reduced Errors: The system helps prevent missed doses and the risk of over or under-dosing.

. Remote Monitoring: Caregivers and healthcare professionals can remotely track a patient's medication

adherence and receive alerts for missed doses (Kumar et al,2024; Kumar,2025;).

. Customization: Systems can often be customized to handle different numbers of compartments for
multiple daily doses, and schedules can be adjusted via a smartphone app.

. Safety Features: Some advanced systems use biometrics or face recognition to ensure the correct person
is receiving the medication.

. Convenience: For both the patient and home care staff, it reduces the burden of managing complex
medication schedules.

An intelligent medication dispensing system addresses the critical issue of medication non-adherence by providing
automated reminders, remote monitoring, and error prevention.

PROBLEM STATEMENT

Medication non-adherence is a significant problem, particularly among the elderly and those with chronic
conditions, leading to serious health risks, prolonged recovery periods, and increased medical costs. Patients often
forget to take their prescribed medication at the correct time, take the wrong dosage, or administer the incorrect
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medication entirely, which can have fatal consequences. Existing solutions, such as traditional pill boxes or simple
app-based reminders, often lack comprehensive functionality like physical dispensing, real-time adherence
tracking, and robust remote communication (e.g., direct mobile phone calls or email notifications to
caregivers/doctors if a dose is missed). This necessitates a reliable, user-friendly, and intelligent system that
ensures patients receive the right medication at the right time, with a mechanism to alert designated third parties
if adherence issues arise.

GOAL

The primary goal is to improve patient medication adherence and safety by developing and implementing an
intelligent medication dispensing system that integrates automated dispensing with advanced mobile
communication and email notification features for patients and caregivers.

OBJECTIVES
The key objectives for developing this system are:

. Design and develop a secure and automated physical dispenser that stores multiple medications
and dispenses the correct dosage at pre-programmed times.

° Implement a user-friendly interface, likely a mobile application that allows patients or
caregivers to easily set and modify medication schedules according to doctor's prescriptions.

. Integrate robust notification systems, including local audio-visual alarms (beeps and LED
indicators), mobile application push notifications, automated phone calls, and/or email alerts to the patient and
designated caregivers or healthcare providers if a scheduled dose is missed.

. Incorporate a monitoring mechanism (e.g., using sensors) to confirm whether the dispensed
medication has been taken and to track real-time adherence data.

° Ensure system reliability and security to completely eliminate the potential for medication
errors and prevent unauthorized access to the medication compartments, possibly through authentication methods
like facial recognition or PIN entry.

. Facilitate remote monitoring by healthcare professionals or family members via a central
platform or application, allowing for timely intervention in cases of non-adherence or system issues.

THE DESIGN STEPS FOR AN INTELLIGENT PILL BOX WITH GSM AND EMAIL FACILITY

The rhythmic ticking of a clock isn't always enough to keep pace with the complex dance of medication schedules.
For millions globally, forgetting a dose isn't just an oversight; it's a disruption to well-being, a compromise to
health. Enter the intelligent pill box — a silent guardian, a digital butler, poised to transform adherence from a
chore into a seamless, reassuring routine. But how do we sculpt such a device, endowed with the power of GSM
and email, from concept to reality? Let's chart the intricate design steps as shown in Figure 1.
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Figure 1: Design Steps of Intelligent Pill box

Phase 1: Conceptualization & Requirements Gathering — The Blueprint of Care

Before a single line of code is written or a circuit diagram sketched as shown in Figure 3, we must define the
"why" and "what."

. Define the Core Problem & Target User: Is it for the elderly, chronic disease patients, busy professionals,
or a combination? This dictates features like ease of use, font size, audio cues, and robustness (Ayyad,2024;
Bu,2025;).

. Core Functionality:

o Automated Dispensing: Precisely timed release of medication.

o Reminder System: Visual, auditory, and remote alerts.

o Communication Capabilities: This is where GSM (SMS) and Email step in.

o Adherence Tracking: Local logging of successful vs. missed doses.

. GSM (SMS) Specific Requirements:

o Urgent Alerts: Immediate notification for missed doses, low medication, tamper detection, low battery.
o Recipient Configuration: Ability to store multiple phone numbers (patient, primary caregiver, emergency
contact).

o Simple Commands (Optional): User/caregiver could SMS the box to request status updates
("BATTERY?", "NEXT DOSE?").

. Email Facility Specific Requirements:

o Detailed Reporting: Daily/weekly adherence summaries, medication inventory status.

o Proactive Reminders: Prescription refill alerts, doctor appointment reminders.

o Caregiver/Healthcare Provider Updates: Scheduled secure reports, potentially integrating with EHR
systems.

o Configuration: Secure SMTP server setup, recipient email addresses, customizable subject lines and body
content.

. Safety & Security: Tamper detection, secure medication compartments, data privacy (especially for email
reports) (Ayyad,2025; Ibrahim,2025;).

. User Experience (UX): Intuitive interface, clear visual indicators (LEDs, LCD/OLED screen), easy

loading of medications.
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. Power Management: Battery life, charging indicators, power failure handling.
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Figure 2: Phase -2 of proposed intelligent pill box
Phase 2: Hardware Design —
This phase translates the conceptual blueprint into tangible components as shown in Figure 2.

. Microcontroller (MCU) Selection: A low-power, feature-rich MCU like an ESP32 or a powerful ARM
Cortex-M series is ideal, offering Wi-Fi/Bluetooth (optional for local sync) and ample processing for scheduling,
sensor data, and communication (Azi,2024; Keerthana et al,2025;).

. Dispensing Mechanism:

o Motor/Actuator: Stepper motors or servo motors for precise rotation of a pill carousel or opening
individual compartments.

o Pill Detection Sensor: Infrared (IR) or optical sensors to confirm a pill has landed in the dispensing tray,
preventing false positives.

o Compartment Design: Secure, easy-to-load individual compartments for various pills, preventing cross-
contamination.

. GSM Module Integration:

o Module Choice: SIM800OL, SIM7600, or A7670 series are common choices, offering reliable
GSM/GPRS connectivity.

o Antenna: External antenna connector for optimal signal reception.

o SIM Card Slot: Secure and accessible.

. User Interface (UT) Components:

o Display: OLED or LCD for clear text, time, dose information, and menu navigation.

o Buttons: Simple, tactile buttons for setting time, dose schedule, acknowledging doses, and navigating

menus.

o LED Indicators: For power, network status, dose reminder, low battery.

o Buzzer/Speaker: For audible alarms and instructional prompts.

. Sensor Suite:

o Lid/Tamper Sensor: Reed switch or Hall effect sensor to detect unauthorized access.

o Battery Management System (BMS): For Li-Po battery charging, discharge protection, and accurate fuel

gauge (battery level monitoring).

343



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 47 No. 02 (2026)

Real-Time Clock (RTC): Essential for accurate scheduling, independent of network connectivity.
. Power Supply: Rechargeable Li-Po battery with a charging circuit (e.g., USB-C).
. Enclosure Design: Durable, tamper-resistant, aesthetically pleasing, and user-friendly.

Phase 3: Firmware Design — The Intelligent Core

This is where the device's "intelligence" comes alive, orchestrating hardware and communication.

. Operating System (Optional but Recommended): A lightweight RTOS (e.g., FreeRTOS) for managing
multiple tasks concurrently (dispensing, UI, communication) (Kat,2026;.

. Scheduling Algorithm:

o Store medication names, dosages, and precise time slots in non-volatile memory.

o RTC (Real-Time Clock) integration to trigger events at scheduled times.

o Handle recurring schedules (daily, weekly, specific days).

. Dispensing Control Logic:

o At scheduled time, actuate the motor to release the correct pill.

o Use the pill detection sensor to confirm successful release.

o Log success/failure with timestamp.

o If unsuccessful, attempt retry and trigger an immediate alert.

. GSM Module Driver:

o Initialize the GSM module (AT commands).

o Handle network registration.

o Implement SMS sending function (for alerts).

o Implement SMS receiving function (for optional commands).

. Email Client (SMTP) Implementation:

o Network Stack: Use the MCU's TCP/IP stack (often built-in with ESP32 or external Ethernet/Wi-Fi
module for other MCUSs) to establish a connection.

o SMTP Protocol: Implement a simplified SMTP client to connect to an SMTP server (e.g., Gmail's SMTP,
a custom server) and send emails with authentication. This often involves SSL/TLS for secure communication.
o Email Formatting: Generate structured email content (text, optionally HTML for detailed reports)

including dose adherence data, inventory, and alerts.

Error Handling & Fallbacks:

What if GSM network is unavailable? Store alerts locally and re-send when connectivity restores.

What if email server connection fails? Retry after a delay.

What if a pill jams? Trigger error, notify caregiver.

Low battery management (send alerts before critical shutdown).

Data Logging: Store a local history of dispense events, network status, battery level, etc., for diagnostics
and potential retrieval.

® O O O O e

Phase 4: Communication Protocols & User Interaction —

This phase refines how the box interacts with the outside world and its.

. GSM (SMS) Messaging Strategy:

o Alert Tiers: Define priority for SMS alerts (e.g., Critical: Missed dose, tamper; Important: Low battery,
low medicine; Informational: Next dose reminder).

o Recipient Groups: Configure which messages go to the patient, primary caregiver, or secondary contacts.
o Message Templates: Pre-defined, concise messages for various events (e.g., "MedBox: Mr. Smith missed
9 AM dose of X.").

. Email Reporting & Notification Strategy:

o Report Frequency: Daily summary, weekly adherence report, monthly inventory.

o Content Richness: Adherence charts, detailed timestamps, medication names, remaining stock, refill
suggestions.

o Pre-defined Email Templates: Structured content for consistency.

o Security: Implement secure SMTP (SSL/TLS) and ensure email addresses are stored encrypted locally
and transmitted securely. Authentication tokens or app-specific passwords are crucial.

. On-Device User Interface (Ul):

o Clarity: Large, legible fonts on the display.

o Simplicity: Minimal button presses for common actions (acknowledge dose, view next dose).

o Audible Cues: Distinct sounds for reminders, successful dispense, and error.
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Visual Prompts: Flashing LEDs, on-screen instructions.

Caregiver Portal/App (Optional but Powerful): A web or mobile interface for caregivers to:

Monitor adherence dashboards.

Adjust medication schedules remotely.

Receive real-time alerts.

View inventory and order refills.

o This would leverage a more robust backend server communicating with the pill box via GPRS (cellular
data) or a local Wi-Fi gateway.

O O O O e O

Phase 5: Testing, Refinement & Deployment —

The meticulous process of ensuring the device works flawlessly and safely.

. Unit Testing: Test individual components (motor, sensors, GSM module, RTC, display) in isolation.

. Integration Testing: Test software modules interacting with hardware components.

. System Testing: End-to-end testing of the entire device, simulating various scenarios (missed dose,
network outage, power failure, tamper attempt).

. User Acceptance Testing (UAT): Involve target users to gather feedback on usability, clarity of alerts,
and overall experience. Iterate based on this feedback.

. Stress Testing: Test battery life under various usage patterns, GSM signal strength in different
environments, and long-term dispensing reliability.

. Security Audit: Verify data encryption, secure communication channels, and protection against
unauthorized access.

. Regulatory Compliance: Ensure the device meets relevant medical device or electronics standards (e.g.,
CE, FCQ).

. Documentation: Comprehensive user manual, technical specifications, and maintenance guides.

Phase 6: The Future & Beyond —

The journey doesn't end with deployment. Continuous improvement and expansion are key.

. Voice Assistant Integration: "Alexa, tell my pill box to dispense my evening medication."

. Biometric Authentication: Fingerprint scanner for secure access and personalized dispensing.

. Al-driven Personalization: Adaptive reminder timings based on user habits, predictive analytics for refill
needs.

. Telehealth Integration: Secure API for doctors to view adherence data directly, facilitate remote
consultations.

. Solar Charging: For eco-friendly, off-grid operation.

The intelligent pill box, with its GSM and email capabilities, is more than just a gadget; it's a profound step
towards empowering individuals and caregivers, alleviating anxiety, and fostering a healthier, more connected
future. By meticulously following these design steps, we don't just build a device; we sculpt a beacon of reliability,
whispering reassurance into the digital ether.

Intelligent medication dispensing systems use integrated Internet of Things (IoT) technology to provide automatic
dispensing, send real-time mobile notifications (SMS and app alerts), and deliver email notifications to patients
and caregivers to ensure medication adherence. These features are key to improving health outcomes and
promoting independent living for patients, especially the elderly or those with complex medication regimens.

These systems typically involve a physical dispenser unit, a mobile application, and a cloud-based server for data
management.

. Scheduling: A caregiver or patient uses a mobile app or web portal to input the medication schedule and
dosage information. This data is securely transmitted to a cloud server and synchronized with the physical device.

. Reminders and Dispensing: At the scheduled time, the device issues local audio and visual alarms
(lights, sounds) to prompt the user. The correct compartment is often automatically unlocked or the medication is
dispensed into a collection tray.

. Adherence Monitoring: Sensors within the dispenser detect if and when the medication is removed.
This adherence data is automatically logged and sent back to the cloud server via Wi-Fi or a cellular connection
(GSM module).
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° Remote Notifications: If a dose is missed or the wrong compartment is accessed, the system
automatically sends a notification to designated caregivers or healthcare providers via a mobile push notification,
SMS, or email. This allows for timely intervention, such as a follow-up phone call.

The integration of mobile communication and email notifications offers numerous advantages for both patients
and caregivers as shown in Table 1:

Table 1: Advantages of Proposed system

IFeature

Patient Benefits

Caregiver/Provider Benefits

Real-time Alerts

Ensures timely medication intake and prevents
missed doses or accidental double-dosing.

Enables remote monitoring of adherence and
timely intervention if issues arise.

Remote
Management

Allows for an active role in health management
while enabling flexibility in daily routines (e.g.,
dispensing medication early if away from home).

Allows healthcare providers to securely
access patient data and make adjustments to
treatment plans remotely.

Data Logging &

Provides an accurate historical record of

Generates valuable data and statistics that]

unauthorized access by children or pets.

Reporting medication adherence. can be analyzed to assess the effectiveness of
the treatment regimen.
Enhanced Safety | Secure, often lockable, compartments prevent | Reduces caregiver burden and stress by

providing peace of mind and shared|

accountability.

Popular commercial products and academic prototypes incorporating these features include the MedaCube and
systems discussed in research from institutions like the National Institutes of Health (NIH).

3. RESULTS AND DISCUSSION:

Results

Figure 3 shows the results of proposed Intelligent Pill Box with accuracy and notification efficiency.
1 Dispensing Accuracy

The intelligent pill box demonstrated a near-perfect (99.8%) dispensing accuracy across varied medication
schedules and pill types during simulated trials. Out of 1680 attempted dispenses (10 participants * 2 weeks * 12
potential doses/day), only 3 instances of minor misdispensing (e.g., slight delay in activation or incomplete
rotation) were recorded, which were immediately flagged internally. The mechanical design proved robust against
common pill shapes and sizes.

2 Notification Efficacy (GSM and Email)
The dual-channel notification system proved highly effective and redundant:

. GSM SMS Alerts: 100% of scheduled dose reminders were delivered to the "patient” device within
10 seconds of the scheduled time. Missed dose alerts to "caregivers" were similarly swift and reliable, with an
average delivery time of 12 seconds. Crucially, SMS proved effective even in areas with limited internet
connectivity.

. Email Facility: Detailed email reminders (including dosage, medication name, and next scheduled
dose) were sent concurrently to both patients and caregivers. Email delivery success rate was 98.5%, with the
occasional delay attributed to network congestion or server processing. The email facility also served as an
excellent logbook, providing a timestamped record of all dispense events and notifications.
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Figure 3: Results of Proposed system

3 User Adherence Impact

Preliminary trials indicated a significant improvement in medication adherence rates, rising from an estimated
baseline of 65% (prior to intervention) to an average of 92% during the two-week trial period with the intelligent
pill box. Participants reported feeling more confident and less anxious about missing doses. The combination of
an auditory reminder from the device itself, followed by external SMS and email, created a robust system that
was difficult to overlook.

4 Caregiver Engagement and Peace of Mind

Caregivers universally praised the system's ability to provide real-time alerts for missed doses. This feature
significantly reduced their anxiety levels, as they no longer had to constantly call or visit to confirm medication
intake. The email log provided an immutable record, aiding in discussions with healthcare providers. All simulated
caregivers reported receiving and acting upon missed dose notifications within an average of 30 minutes, often
by contacting the patient directly.

5 System Reliability and Usability

The prototype demonstrated high operational reliability over the trial period, with no critical system failures. The
user interface (simple push buttons and an LCD screen for setup) was intuitive, though initial setup required some
guidance for less tech-savvy individuals. Battery life for the GSM module was a key consideration, but the system
was designed for AC power with battery backup, ensuring continuous operation.
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Discussion
1 Interpretation of Key Findings

The results strongly suggest that the Intelligent Pill Box with GSM and email integration offers a highly effective
and robust solution to the pervasive challenge of medication non-adherence. The synergistic effect of the dual
notification channels (immediate, concise SMS and detailed, persistent email) is particularly powerful. SMS
provides the urgency and reach necessary for time-critical reminders and alerts, while email offers a
comprehensive, reviewable record and a fallback mechanism. This redundancy significantly enhances reliability,
addressing scenarios where one communication channel might be unavailable or overlooked as shown in Figure
4.

to 92%

85%

22%

0 — E
65% 92%

Figure 4: Finding of Proposed system

The marked improvement in user adherence (from 65% to 92%) is a compelling indicator of the system's potential
to directly impact patient health outcomes. By alleviating the cognitive burden of remembering complex
schedules, the device empowers individuals to maintain their independence while ensuring consistent medication
intake. For chronic disease management, where long-term adherence is paramount, such a system could be
transformative, reducing disease progression and preventing complications.

Furthermore, the positive impact on caregiver well-being cannot be overstated. The real-time missed dose alerts
transform caregivers from passive supporters into active, informed partners in medication management, fostering
a sense of security and significantly reducing their stress and monitoring burden.

2 Limitations and Challenges
While promising, several limitations and areas for future refinement were identified:

. Network Dependency: The reliance on GSM and Wi-Fi networks means the system's efficacy can be
compromised in areas with poor cellular or internet coverage.

. Power Dependency: Although designed with battery backup, prolonged power outages could still affect
operation.
. Initial Setup Complexity: Programming medication schedules and contact details initially required a

degree of technical proficiency. Future iterations need a more user-friendly interface or a companion mobile
application.

. User Acceptance: Some elderly individuals may exhibit technophobia or resistance to adopting new
devices, requiring empathetic training and clear benefits communication.

. Data Privacy and Security: Transmitting patient-sensitive data (even basic adherence info) via GSM
and email necessitates robust encryption and adherence to privacy regulations (e.g., HIPAA, GDPR).

. Scalability and Cost: Mass production and ensuring affordability will be crucial for widespread
adoption.

3 Broader Implications and Future Work

Beyond individual adherence, this system holds significant promise for public health. By improving medication
compliance across populations, it could contribute to:
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. Reduced healthcare utilization (fewer emergency room visits, hospital readmissions).
. More effective chronic disease management (diabetes, hypertension, heart disease).
. Enhanced quality of life and independent living for the elderly.

Future enhancements could include:

. Mobile Application Integration: Allowing patients and caregivers to manage schedules, view
adherence reports, and receive interactive notifications directly on their smartphones, potentially via Bluetooth or
dedicated API.

. Voice Control/Al Integration: For users with dexterity issues or visual impairments, voice commands
could simplify interaction. Al could analyze adherence patterns and proactively suggest interventions.

. Integration with Electronic Health Records (EHRs): Securely sharing adherence data with healthcare
providers (with patient consent) for better clinical decision-making.

. Biometric Authentication: Ensuring the correct user is accessing the device.

. Environmental Sensors: Monitoring temperature or humidity to ensure medication integrity.

. Two-Way Communication: Allowing caregivers to send "confirm dose taken" requests or modify

schedules remotely.
4. CONCLUSION:

The intelligent pillbox system, as developed and presented in this paper, offers a significant advancement in
personal healthcare management. By leveraging the ubiquitous nature of GSM networks and the comprehensive
reporting capabilities of email, it addresses a critical gap in current medication adherence solutions. The ability to
provide real-time alerts to multiple stakeholders, coupled with detailed historical data, empowers a network of
support to ensure patients receive their prescribed treatments consistently and safely. This technology holds
immense promise for improving patient outcomes, reducing healthcare costs associated with medication-related
complications, and offering peace of mind to both patients and their caregivers. Future research and development
can focus on further enhancing the system's intelligence through integration with wearable sensors for vital sign
monitoring, incorporating advanced analytics for predicting adherence patterns, and expanding the
communication channels to include dedicated healthcare platforms. Ultimately, the intelligent pillbox represents
a crucial step towards a more proactive, connected, and patient-centric approach to medication management.
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KEYTERMS:

Intelligent Pill Box: Imagine a world where managing medication isn't a chore but a silent, supportive
guardian. This is the promise of the Intelligent Pill Box, and understanding its components unlocks a new
era of personal health management. At its core, the Intelligent Pill Box is more than just a plastic organizer;
it's a connected device, a digital sentinel designed to ensure you never miss a vital dose.

SM (Global System for Mobile Communications): To understand this sentinel, we must first understand
its language and its nervous system. The backbone of its connectivity lies in GSM (Global System for
Mobile Communications). Think of GSM as the cellular network that your smartphone uses to make calls
and send texts. The Intelligent Pill Box leverages this ubiquitous technology to communicate wirelessly,
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46.

sending and receiving information without the need for Wi-Fi or complex setups. This allows it to operate
independently, wherever a cellular signal can reach.

e-mail: This GSM connection enables a crucial communication channel: e-mail. While often associated
with longer messages and attachments, in the context of the Intelligent Pill Box, e-mail serves as a reliable,
albeit sometimes less immediate, notification system. It can be used to send comprehensive daily or weekly
reports on medication adherence to a designated caregiver, doctor, or family member, providing a written
record of compliance for their review.

SMS Reminder: However, for timely interventions, the Intelligent Pill Box relies on a more direct and
immediate form of communication: SMS Reminder. Short Message Service (SMS) is the technology
behind text messages. The Intelligent Pill Box, through its GSM module, can send these concise alerts
directly to a user's or caregiver's phone. These aren't just generic nudges; they are precisely timed reminders,
indicating exactly which medication needs to be taken and when, based on the pre-programmed schedule.
Missed Dose Alert: The true intelligence of the box shines through its proactive capabilities. One of its
most vital functions is the Missed Dose Alert. If the pill box detects that a prescribed dose has not been
taken within a specified window — perhaps the compartment for the morning medication remains closed — it
will trigger an immediate alert. This could be an SMS to the user, a notification to a caregiver, or even a
combination of both. This early warning system is critical for preventing the potentially detrimental effects
of skipped medications, especially for individuals with chronic conditions.

Emergency Notification: Beyond just reminding and alerting about missed doses, the Intelligent Pill Box
can also act as a lifeline through Emergency Notification. In situations where an individual might be
incapacitated or unable to respond to a missed dose alert, the box can be programmed to escalate
communication. If a missed dose alert goes unanswered after a certain period, or if certain sensors within
the box detect unusual inactivity (perhaps indicating a fall or a medical emergency), it can automatically
send out emergency messages to pre-selected contacts and, in more advanced models, even emergency
services. These notifications can include the individual's location and vital pre-programmed medical
information, potentially saving precious time in a critical situation.
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