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ABSTRACT

In today'’s fast-paced world, medication adherence is essential for achieving better health
outcomes, and the improved Medi-Sense Box addresses this need by enhancing the effectiveness
and efficiency of a sensor-integrated medicine reminder system. Building on previous research,
the device uses an Arduino, ultrasonic sensor, servo motor, LCD, rechargeable battery, and
durable casing to ensure accurate timing, reliable alarms, and continuous operation. Compared
to the earlier version, the improved model showed significant advancements in enclosure design,
system efficiency, button layout, usability, accessibility, and cost-efficiency, along with better user
understanding through the inclusion of a user manual. Testing confirmed rapid battery charging
with long operating time, faster sensor response, audible alarms under varying noise conditions,
and 100% time accuracy. Overall, the upgraded Medi-Sense Box demonstrated superior
functionality, reliability, portability, and user convenience, making it a more effective tool for
supporting proper medication adherence.

KEYWORDS: Medi-Sense box, ultrasonic sensor, enhanced medication adherence, accuracy
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I. Introduction

Medication adherence, defined as the extent to which patients take medications as
prescribed, is essential for achieving positive health outcomes. Poor adherence, particularly among
the elderly, individuals with memory impairments, and those with physical limitations, can lead to
complications, worsening conditions, and increased healthcare costs. Studies such as Horvat et al.
(2024) and Schwartz (2017) noted that many patients struggle to take medications correctly and
consistently and that pillboxes can help support adherence.

Sensor-integrated medication boxes have been developed to address these challenges by
providing organized compartments, reminders, and improved medication management. However,
earlier prototypes, including the original Medi-Sense Box developed by Gamiao et al. (2025), had
limitations related to usability and material quality. Building on previous systems such as the one
proposed by Zeidan et al. (2018), the current study aims to enhance the device by improving its
physical design, portability, and user interface, including the addition of a larger and easy-to-press
button to assist elderly users and those with limited hand strength.

The improved Sensor-Integrated Medicine Box incorporated pill-monitoring sensors,
programmable alerts, and a microcontroller to support timely intake, track consumption, and
generate usage histories. This study evaluated the effectiveness of these enhancements to
determine their potential in reducing missed doses and improving overall treatment outcomes.

Statement of the Problem
This study aimed to replicate and improve the functionality of the Sensor-Integrated
Medicine Box (Medi-Sense) to guarantee the needs of its target users and enhance medication
adherence.
Specifically, the study sought to address the following questions:
1. What are the specific improvements that can affect the following aspects of the Medi-Sense Box
compared to the previous material:
1.1. Physical interface improvement: use of thicker acrylic sheets for a lighter, more
durable, and cost-efficient design,
1.2. Button design enhancement: replacement of small tactile switches with larger, easy-
press buttons,
1.3. Power supply upgrade: integration of rechargeable or replaceable battery system, and
1.4. User support material: inclusion of a clear and simple user manual for guidance?
2. How do the applied improvements affect the following:
2.1. Comparison of overall performance,
2.2. Accessibility,
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2.3. Cost-efficiency, and
2.4. Usability of the Medi-Sense Box compared to the initial prototype in terms of:
2.4.1 Sensor Response Time,
2.4.2 Alarm Audibility, and
2.4.3 Time Alarm Accuracy?
3. Based on the results, what conclusions can be made?

Scope and Limitation

The study centers on the development of a physical interface and evaluation of the Medi-
Sense Box's features and its ability to remind individuals to take their medication on time with
ease of use. The study was limited to assessing the effectiveness of the Medi-Sense Box for pill-
based medication, excluding different types of medicine. It focused on how well the device
reminded users to take their medication at the correct time. The testing was conducted within Camp
Vicente Lim.

1. METHODOLOGY

This section describes the methodology used in the study, including the conceptual
framework, research methodology flowchart, system diagrams, materials costing, and Arduino
IDE codes. These elements explain how the system was designed, assembled, and implemented to
achieve the objectives of the study.

Conceptual Framework of the Study

The conceptual framework for this replicated study is based on the Input—Process—Output
(IPO) model, which provides a structured approach for understanding the development of the
Medi-Sense Box. This model organizes the project into three key stages: defined inputs, systematic
processes, and the resulting functional output.

[ w N B

Input
v OQutput
o) S i3 CHA Process The final output is
®  Servo Motor A
o Ultrasonic Sensor o Coding the Medi-Sense Box,
o (HCSRO4) a sensor-integrated
o Buzzer |:> e Compox?em E> medicine box
e LED Lo designed to improve
o Tactile Switch o [ medication adherence
G and Testing through  advanced
* 3B .
readboar_d sensors and interac-
® Jumper Wire Battery ve f
o LCDDighy tive features.
\0 RTCMUdule(DSS@ \ j \ /

Figure 1. Input-Process-Output Method (IPO Method)
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The product is the Medi-Sense Box, a sensor-enabled medicine box. Figure 1. depicts the
thought process, beginning with input materials like the Arduino, servo motors, ultrasonic sensors,
rechargeable battery, and other electrical components from their assembly, coding, and testing to
the product of a working Medi-Sense Box that will encourage medication compliance through
increased readability, better structure, and interactive user-friendly functions. This flowchart
clearly shows the systematic approach used in constructing the device, emphasizing the stages of
systematic planning, integration, and testing necessary to come up with a good and efficient
product.

Research Methodology Flowchart

[Preparation and Application of Materials/Component Neededj

Y
Testing

Y
[Sensor Response Time) (Time Accuracyj Time Audibility

/

[ Medi-Sense Box
(

Sensor-integrated Medicine Box)

Figure 2. Research Methodology Flowchart

Figure 2 presents the Sensor-Integrated Medicine Box, named Medi-Sense, which was
subjected to testing with respect to (1) Sensor Response Time, (2) Time Accuracy, and (3) Time
Audibility during its application. This blueprint contributes to the product by clearly outlining the
placement and interaction of Medi-Sense’s components, enabling consistent assembly and
accurate testing. It ensures that the device’s sensor response time, time accuracy, and time
audibility can be evaluated reliably, thereby supporting the overall effectiveness and reliability of
the system.

Wiring Diagram of the System

Figure 3. Wiring Diagram of the System
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Figure 3 illustrates the complete Arduino-based alarm and automation system, with the
Arduino UNO serving as the main controller that supplies power and manages all components.
The RTC module and 16x2 LCD share 12C lines to display accurate time and alarm status, while
LEDs indicate system states. Push buttons enable time setting, system control, and alert
acknowledgment, and a buzzer provides audible alarms. Servos connected to PWM pins perform
mechanical actions, while the HC-SRO04 ultrasonic sensor detects distance or motion. All
components share a common ground, ensuring reliable and coordinated system operation.

Pictorial System Diagram
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Figure 4. Pictorial System Diagram
Figure 4 presents the various electronic and structural components assembled to create the
sensor-integrated medicine box. These include the Arduino Uno, servo motor, HC-SR04 ultrasonic
sensor, buzzer, LEDs, tactile switch, resistors, breadboard, jumper wires, power source, LCD
display, DS3231 RTC module, battery, and acrylic sheets. Together, these materials enable the
device to incorporate technological functions into a conventional medicine box, thereby enhancing
patient medication adherence.

I1l. RESULTS

The findings, analysis, and interpretation of the information acquired from the device's
numerous tests, experiments, and assessments are presented in this part. A description of the results
from several aspects of the study's goals is also included in this section.

Table 1. Comparison of Enclosure Materials for the Medi-Sense Box

Criteria Previous Acrylic Quality Acrylic Observation
Sheets Sheets
Acrylic Sheet Size 2X2 mm 3x3 mm Better structural
support
Weight Light Moderate Improved stability
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Thickness Thin Thick Increases rigidity
Durability Moderate High Better durability and
impact resistance
Portability Poor Good Easier to carry
Overall Design Low High Improved design
Efficiency

Table 1 highlights the improved enclosure design of the Medi-Sense Box through the use
of high-quality acrylic sheets. Increasing the sheet size and thickness enhanced structural support,
impact resistance, and overall durability, while improving portability from poor to good despite a
slight increase in weight that contributed to better stability. As a result, overall design efficiency
improved from low to high, effectively addressing previous design limitations. These
enhancements are supported by Han et al. (2024), who emphasized acrylic’s durability and
cost-efficiency, and Seo et al. (2023), who underscored its safety, design flexibility, and
user-friendly qualities in medical applications.

Table 2. Comparison and Test Results of Button Designs

Criteria Previous small Current easy-press, Observation
tactile switches used | slightly larger-sized
in the Medi-Sense | buttons of the Medi-
Box Sense Box
Button Size 6x6x4.3 mm 6Xx6x6 mm Larger button easier
to locate
Required Press Medium Low Less force needed
Force
Ease of Pressing Moderate Easy Improved usability
Comfort Poor Good Less finger strain
Overall Usability Poor Excellent Enhanced Design

Table 2 indicates the comparison and test results of button design. The researchers found
that the original small buttons (6x6x4.3 mm) were hard to use. They were difficult to find and
required too much pressure to press, which made the device uncomfortable for the user. To fix
this, we switched to slightly taller, easier-to-press buttons (6x6x6 mm). Although the size change
was small, it made a huge difference. The device is now much more pleasant and user-friendly.
By increasing the button height to 6 mm, the design addressed both dimensions of the Liao et al.
(2020) study: the taller profile provided a clearer visual cue for the user to find the controls, while
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the reduced pressure requirement improved the tactile interaction. Because of this change, the
usability rating improved from "Poor" to "Excellent.”

Table 3. Rechargeable Battery Test

Battery Battery Life Charging Duration Observation
Lithium Polymer 11 hrs and 25 2 hrsand 34 mins | Efficient charging speed with
Battery mins stable endurance

12 hrs 2 hrs and 35 mins Consistent performance and

charging reliability

3 days (Power 2 hrs and 35 mins | Significantly extended battery
Saving Mode) life with rapid recharging

Table 3 outlines test results for a lithium polymer battery as part of a power supply upgrade
plan focused on integrating rechargeable or replaceable battery systems. The first set of
measurements demonstrates strong performance, with the battery delivering a total runtime of 11
hours and 25 minutes when fully charged and requiring only 2 hours and 34 minutes to reach full
capacity from an empty state. This observation of “rapid charging endurance” indicates that the
battery not only supports fast charging but also maintains reliable functionality and longevity under
such conditions. These results are consistent with the findings of Liang et al. (2019), who
emphasized that rechargeable batteries serve as the primary energy source of portable electronic
devices and play a critical role in sustaining performance stability, particularly in applications
where continuous operation and minimal downtime are essential.

Table 4. Comparison of User Support Materials for the Medi-Sense Box

Criteria Previous Version Current Version Observation
(No Manual) (With User Manual)

Availability of None Printed Manual User guidance is now
Manual Included provided
Ease of Difficult Easy Instructions are clear
Understanding and simple
Setup Time Long Short Users can set up the
device faster
Error Rate During High Low Fewer mistakes occur
Use with guidance
Learning Time Long Short Manual shortens the

time it takes to learn
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Overall Usability Poor Good Usability

significantly
improved

Table 4 shows the limitations of the previous device by providing a structured and easy-
to-use manual. The manual was designed using simple language and visual cues to guide users in
device setup and medication reminders. This helps to improve and make the device easier to
understand, reduce user errors, and shorten the setup and learning time, particularly for elderly
people who have difficulty interpreting medical instructions without the guidance of others. This
is supported by the study of Berthenet et al. (2016). According to their study among elderly
outpatients, 50 of 76 tested pharmaceutical pictograms reached over 67% comprehension,
validating that adding a guidance manual and pictogram could increase medication adherence and
reduce errors.

Table 5. Comparison of Overall Performance of the Medi-Sense Box

Performance Initial Prototype Improved Medi- Observation
Indicator Sense Box
Sensor Response Moderate Fast Improved
Time responsiveness
Alert Accuracy Moderate High More reliable alerts
System Reliability Moderate High Fewer system errors
Power Stability Low High Consistent operation
Overall Fair Excellent Performance
Performance significantly
improved

Table 5 shows that the new Medi-Sense prototype is much better than the original one. The
sensors now respond faster, and the alerts are much more accurate with fewer errors. Power
stability moved from "Low" to “High,” which keeps the device running without stopping. Because
of this major improvement, the overall performance jumped from "fair" to “excellent,” proving
that the new Medi-Sense is more durable, dependable, and stronger. According to Saraswathi et
al. (2023), a smart medicine box with sensors could significantly improve medication compliance;
this proves that the Medi-Sense can really bring changes in the users.

Table 6. Accessibility Comparison of the Medi-Sense Box

Accessibility Factor Initial Prototype Improved Medi- Observation
Sense Box
Button Size Small Medium Easier to press
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Ease of Handling Difficult Easy Improved portability
User Guidance None With manual Better user
understanding
Time of Learning Slow Fast Faster adaptation
Accessibility Level Low High Accessibility
enhanced

Table 6 shows that the improved Medi-Sense Box enhanced usability and accessibility by
upgrading from small to medium-sized buttons, making the device easier to press and handle. The
addition of a user manual significantly reduced learning time and improved user understanding,
while improvements in design increased portability and overall accessibility from low to high.
Designed for users with limited motor skills and minimal technical knowledge, its lightweight
acrylic casing supports ease of handling and independent use, particularly among elderly users.
These design features are supported by Horvat et al. (2024), who emphasized minimizing physical
and cognitive barriers, and Saraswathi et al. (2023), who highlighted the role of sensor-based
automation and clear guidance in improving accessibility and medication adherence.

Table 7. Cost-Efficiency Comparison of the Medi-Sense Box

Cost Factor Initial Prototype Improved Medi- Observation
Sense Box
Enclosure Material Lower High Improved stability

Battery
Replacement

Not rechargeable

Rechargeable

Reduced recurring
cost

Overall Cost-

Low

Moderate

More economical

Efficiency over time

Table 7 compares the cost-efficiency of the initial prototype and the improved Medi-Sense
Box. Although the improved version used higher-quality materials and required a higher initial
cost, its enhanced durability and use of a rechargeable battery significantly reduced long-term
expenses. In contrast, the initial prototype relied on a non-rechargeable battery, resulting in
frequent replacements and higher recurring costs. Overall, the improved Medi-Sense Box
demonstrated high cost-efficiency, consistent with Schwartz (2017), who emphasized that durable
assistive medication devices reduce costly medication errors and support long-term savings.

Table 8. First Sensor Response Time Test

Trial

Actual Difference Observation

Sensor Expected
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No. Response Response
Time Time

Ultrasonic 1 1 second 0.42 seconds 0.58 Faster than

Sensor expected response
(HC-SR04)

2 1 second 0.46 seconds 0.54 Faster than
expected response

3 1 second 0.29 seconds 0.71 Faster than
expected response

Table 8 shows that in the first sensor response time test, Trial 1 recorded an actual response
time of 0.42 seconds, followed by 0.46 seconds in Trial 2 and 0.29 seconds in Trial 3. Each actual
response time responded faster than the expected response time of one second in all trials. This
shows that the ultrasonic sensor (HC-SR04) was able to detect user interaction and support timely
system actions.

Table 9. Second Sensor Response Time Test

Sensor Trial No. Expected Actual Difference | Observation
Response Response
Time Time
Ultrasonic 1 1 second 1 second 0 Matched
Sensor expectation
(HC-SR04)

2 1 second 0.44 seconds 0.56 Faster than
expected
response

3 1 second 0.67 seconds 0.33 Fast than
expected
response

Table 9, which is the second sensor response time test, trial 1 met the expected response
time of one second, while trial 2 and trial 3 responded faster at 0.44 and 0.67 seconds, respectively.
The results indicate consistent sensor performance under repeated testing conditions.

Table 10. First Alarm Audibility Test (Lower Environmental Noise)

Trial No. Distance Environmental | Alarm Sound Observation
(Meter) Noise (Decibel) Level

63



SA¢L,

v
; Structured Analyzing and Learning through In-depth Knowledge,

Scanning, and Interdisciplinary Knowledge

(Decibel)

1 Im 35dB 67 dB The alarm was loud and
distinctly heard.

2 3m 36 dB 58 dB The alarm was audible, but
marginally decreased as a
distance grew farther away.

3 5m 43 dB 52 dB The alarm was weak but still
audible.

Table 10 presents the results of the alarm audibility test conducted in a low-noise home
environment. At 1 meter, the alarm sound was clearly distinguishable from environmental noise,
while at 3 meters it remained audible despite a slight decrease in clarity. At 5 meters, although
the alarm intensity further decreased and background noise increased, the alarm was still audible.
Overall, the findings indicate that alarm audibility decreases as distance increases, even under
low environmental noise conditions.

Table 11. Second Alarm Audibility Test (Higher Environmental Noise)

Trial No. Distance Environmenta Alarm Observation
(Meter) | Noise Sound Level
(Decibel) (Decibel)
1 1m 44 dB 55 dB The alarm was sounded a little
louder.
2 3m 33dB 53 dB The alarm was audible, but

weaker as a result of the
elevated environmental sound.

3 5m 42 dB 51dB The alarm was audible, but
less clear because of elevated
distance.

Table 11 presents the results of the alarm audibility test conducted under higher
environmental noise conditions. At 1 meter, the alarm remained loud and clearly distinguishable
from background noise, while at 3 meters it was still audible but perceived as weaker due to
increased distance. At 5 meters, although the alarm sound level further decreased and
environmental noise increased, the alarm remained audible but less clear. Overall, the results
demonstrate that alarm audibility decreases as the distance from the device increases, regardless
of variations in environmental noise levels.
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Table 12. Time Accuracy Test

Trial No. Schedules Actual Time Classification Remarks
Time Activation | Difference
Time
1 6:00 AM 6:00 AM 0 TP (True Accurate
Positive)
2 10:00 AM 10:00 AM 0 TP (True Accurate
Positive)
3 2:00 PM 2:00 PM 0 TP (True Accurate
Positive)
4 No Reminder No Alarm N/A TN (True Correctly
Negative) Silent
Accuracy 100%

Table 12 shows the Time Accuracy Test. The sample span is around 4 hours, and the
scheduled times are 6:00 AM, 10:00 AM, and 2:00 PM. All of the tests accurately activated at the
scheduled times with no time difference, which concluded as True Positive (TP) classifications.
For the last test, there was no scheduled reminder; therefore, no alarm rang, and no time difference
was available. This resulted in a True Negative (TN) classification, indicating that the system was
correctly silent. Overall, all tests accurately depicted time accuracy with no allowances, which
resulted in a 100% Time Accuracy Test.

IV. DISCUSSION

The Medi-sense Box was successfully developed to support proper medication
management, particularly for elderly users and individuals with chronic illnesses. It is integrated
with an Arduino-based sensor system and an LCD display. Similar to the previous studies, the
device incorporates an HC-SRO04 ultrasonic sensor to detect user presence, an accurate alarm
schedule using RTC (Real-Time Clock), and audible alarms under various environmental
conditions.

Building upon the recommendation of the previous researchers, this study introduced
several key improvements, including the addition of a structured, easy-to-use manual and the use
of rechargeable batteries and an acrylic sheet for the base material. These enhancements improved
usability, portability, and durability while also making the device cost-efficient.

For instance, the Medi-sense box is intended to help patients adhere to their medication
regimens and improve their healthy lifestyle. This is especially important for elderly patients and
patients who have trouble taking their medications on time. This ensures and prioritizes the
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patient's well-being. It is a user-friendly medication box that will help patients with an
understandable manual and an accessible interface that consists of sensors and an audible sound
to help prevent missed doses. Additionally, many people will have access to a portable medicine
box that they can bring with them wherever they go, especially while they're not at home.
Particularly for elderly patients and others who have trouble hearing sounds, the unique medicine
box has increased sound audibility.

Recommendations

To further enhance the functionality and usability of the Medi-Sense Box, several
improvements are recommended based on the study’s results and findings. The use of 3D printing
may be explored to improve the durability and overall design of the device casing. Enhancing the
system’s mobility and automation is also suggested to promote easier and more efficient operation.
Additionally, extending the buzzer alarm duration may improve alert effectiveness and ensure
timely user response. Redesigning the physical interface into a more organized and visually
appealing layout could further enhance usability and user experience. Lastly, testing the device
with actual participants is highly recommended to evaluate its performance, reliability, and overall
effectiveness.
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