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it can be challenging to remember and manage all medications efficiently. Extensive
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research has been conducted on developing automated medicine dispensaries to aid
patients in this process. However, most existing solutions are either theoretical design
concepts or limited to dispensing medicines in batches only. This research aimed to
design and fabricate an automated and universal medicine dispensary that addresses
the challenges of accessibility and the complexities of scheduled medication intake.
This dispensary also provides the capability to dispense medicines both in batches and
as single units, according to user requirements. A comprehensive design concept was
developed, incorporating essential features such as medicine storage, a user interface,
a dispensing mechanism, and a timer system. The prototype was constructed using
polyvinyl chloride (PVC) and polylactic acid (PLA), and its functionality was evaluated.
The evaluation demonstrated that the automated dispensary could store multiple
types of medicines. It featured a compact and user-friendly interface, an accurate
alarm system for reminding patients of their scheduled medication times, and a precise
dispensing mechanism capable of dispensing medicines discretely and in batches. This
automated medicine dispensary, leveraging composite materials like PVC and PLA, has
the potential to streamline medication intake processes, enhance healthcare services
and revolutionize next-generation medicine.
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1. Introduction

In the field of healthcare, medicine management is as important as receiving medical
consultancy. In today's world, where every aspect of life is becoming automated, automating
medication management is a logical step. Managing a large number of medicines on multiple
schedules can be a critical and challenging task. Due to these complexities, many individuals often
require specialized assistance to manage their medications. This dependency can make the
medication process problematic, as it is not always feasible to have a personal assistant for
medication management. Moreover, even individuals who manage their medications independently
can miss doses due to human error, especially when dealing with a large number of medications. This
issue is particularly prevalent among elderly individuals, who may suffer from conditions like
Alzheimer's disease and have a tendency to forget things. Consequently, there is a high probability
that elderly patients may forget their prescribed medication schedules or the correct dosages [1].

Thus, there are two major complexities in managing medications: handling the amount and
variety of medicines and ensuring they are taken at the scheduled times. Researchers have sought
solutions to these issues, leading to the development of smart medicine systems [1-7]. The term
"smart medicine system" implies the integration of automation and digitization in medicine
management. Its aim is to make medication management less dependent on human intervention and
more computer-based, thus relieving individuals from the burden of remembering schedules and
types of medicines, making the process easier and more comfortable.

There have been many efforts in developing smart medicine systems. Initially, researchers
focused on applying sensors and microcontrollers in smart medicine. They developed systems using
Arduino microcontrollers to alert patients about medication times. To enhance the reminder system,
features such as voice assistance, display units for better user experience, and motion capture
sensors for individuals with upper-limb disabilities were added. Sensors were also introduced to
ensure real-time monitoring of medicine management [2-7]. As the Internet of Things (loT) gained
popularity, researchers began integrating loT into smart medicine systems, developing software to
remind patients about their medication schedules. This led to the replacement of hardware-based
reminder systems with applications for medication reminders [8-11]. Some researchers combined
both software and hardware to fully implement loT, leading to the development of smart medicine
boxes that could be operated with third-party software, allowing users to receive reminders on their
mobile devices and take their medicine accordingly [2, 11-12].

The integration of 10T not only digitized the medication process but also made it easier and more
comfortable. However, it had limitations. Many software-based systems were complicated for users
to operate without proper tutorials. Additionally, these systems focused only on reminders, not on
the management and storage of medicines. Although the concept of medicine boxes for storing
medicines existed, further complexities arose. One issue was the dispensing of medicines. Due to the
irregular sizes and shapes of medicines, they were often dispensed in batches through small
containers, limiting the user's ability to dispense a single medicine. To address this, researchers
developed one-by-one dispensing mechanisms, allowing medicines to be dispensed in discrete
amounts, enabling controlled dispensing and reducing patient confusion [3-4, 13-15]. However,
information on the implementation of these mechanisms was vague, as they were not used in any
physical smart boxes available. Another issue was the size of smart medicine boxes. Most were large
and intended for commercial use, such as in pharmacies. This created a need for more personalized,
portable smart medicine boxes. Researchers then developed smaller, portable smart medicine boxes
that could be used anywhere, making them more relevant as household appliances [13, 15].
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Based on these works, a few points are clear. Firstly, most research focused on developing
effective reminder systems to alert patients to take medicines on time, with little work on medicine
storage and dispensing mechanisms. Secondly, even though some research specified the storage and
dispensing mechanisms of medicines through a medicine box, the implementation of these concepts
was limited.

In most medicine boxes, the patient has to manually pick the medicine from the specified storage
when the reminder provides a notification. In some cases, the user has to dispense a batch of
medicines even though only one medicine is required. Based on these factors, it is clear that there is
a significant gap between the implementation of smart medicine assistance and the ease of user
interaction. To address this gap, this paper aims to create a solution that not only automates the
medicine-dispensing process and functions as a reminder system but also serves as a personal
assistant to aid individuals in their medication process. The ultimate objective is to develop a user-
friendly smart medicine dispensary that can be easily placed in a residence. Users can set a schedule
based on their medication prescription through a simple, user-friendly input interface. The system
will assist in taking medicine in discrete amounts or batch quantities with the help of an audio and
visual reminder interface.

The medicine dispensary will be a universal system, capable of both one-by-one dispensing of
medicines through a novel quick-return mechanism proposed by the authors and batch dispensing
using small pans. This quick-action medicine dispensary will not only be a significant addition to next-
generation medication systems. Still, it will also simplify the medication process, reducing
dependency on others to take medicines, especially for elderly individuals.

2. Methodology

To construct the medicine dispensary, the principle of operation of the dispensary was initially
plotted. For this, an algorithm was built to define the step-by-step functionality of the dispensary.

Once the algorithm was developed, a program was scripted to operate the dispensary. Based on
the program, the circuit of the dispensary was designed and simulated, and it was later constructed
using all the necessary equipment. Following the circuit, the structure of the dispensary was initially
plotted as a 3D model. Then, the essential parts of the structure were either processed or fabricated
and assembled. Finally, the dispensary was operated to evaluate its performance and functionality.
The entire process or the set steps of the methodology that the authors followed are streamlined in
Figure 1. The following sections of the methodology are discussed to provide ideas related to the
authors' work.

Devlopment Desigining Processing
of the the and . .
algorithm Building the schematic of fabricating Assembling Conducting
oo the test run and
and circuit the structure components .
. components evaluation
generating of the of the
the program dispensary structure

Fig. 1. The Methodology process flowchart
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2.1. Development of the Algorithm and Generating the Program

The main function of the dispensary is to take user input related to the type of medicine and time
for medicine. Thus, based on the input, set up a timer to provide a reminder to the user about the
time to take medicine and thus dispense the selected medicine. Thus, to incorporate this basic
principle into the system of the dispensary, a simple yet detailed algorithm was developed describing
the step-by-step functioning of the dispensary. Once the algorithm was finalized, a code was
generated based on the algorithm to allow the dispensary system to operate. The system used for
the medicine dispensary was the Arduino. The code was generated using Arduino IDE, a C++
language-based platform to make programs and codes for the operating system of the Arduino
microprocessor.

Figure 2 depicts the flowchart of the program developed for the system. The program operates
three different sections of the medicine dispensary, each controlled by a distinct key on the keypad.
Key 'A' represents the first section, key 'B' corresponds to the second section, and key 'C' controls the
third section. Each section contains a pair of LEDs: a Green LED indicates the 'On' status, and a Red
LED indicates the 'Off' status for each section of the dispensary. The servo motors in each section are
labeled as servo '1', '2', and '3'. The motion of the servos is defined as outward and inward with
respect to the front view of the dispensary. Further details related to the sections, such as servo
motors and LEDs, are described in detail in later sections. To set an alarm, a separate process is
programmed in the code, which is explained with another process flowchart shown in Figure 3. Once
the time value is provided, specific keys allow the time to be set in seconds, minutes, or hours,
thereby enabling the reminder to be set.

Initialize LED pins and
test all LEDs

Red LEDs for ‘A’, ‘B,
and ‘C’ section set to:
On
Green LEDs for ‘A",

‘B, and ‘C’ section set
to: Off

.
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T
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Key?
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Select section ‘A
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l

!

!

Set time for Ain
seconds/minutes/
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Set time for B in
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l

l

l

Calculate delay
according to the time
provided by the user

Calculate delay
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provided by the user
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Servo 3: 0 degree Ring the buzzer Ring the buzzer Ring the buzzer
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userviatheaxa |—— Green LED: Off Green LED: Off Green LED: Off
keypad LCD display message: LCD display message: LCD display message:

Reset the LEDs
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Fig. 2. The program flow chart of the dispenser system
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Set the time format
Key '*' to set time in minutes
Set the time value in digits Key 'D' to set time in hours Confirming time with key '#'
If no key pressed then the
time is set in seconds

Fig. 3. Time setting and formatting process
2. 2. Building the Circuit

After the program was developed, a circuit was constructed to implement it. The circuit was a
closed-loop system, designed so that the user could respond and change input based on feedback.
Initially, the circuit was simulated using the circuit building and simulation software 'TinkerCAD'.
Through the simulation, the circuit shown in Fig. 4 and its components were calibrated according to
the developed code. Once the circuit was finalized and calibrated, the necessary components were
assembled, and the circuit was physically built. The components used in the circuit are listed in Table
1.

4x4 Keypad

Buzzer Module

Sensor 1 Sensor 2 Sensor 3

Fig. 4. The circuit of the system
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Table 1
The components of the circuit of the dispensary

Name of the Components Function in the Circuit

16x2 LCD Visual display unit

4x4 Keypad Input unit

Arduino Mega 2560 and breadboard The central processing unit (CPU)
LED Backlit and indicator lighting system
Active buzzer module Reminder system

Servo motor To actuate the motion of the valves

2. 3. Designing the Schematic of the Structure of the Dispensary

Once the circuit was ready, the schematic of the infrastructure was built. Initially, a 3D model of
the structure of the dispensary was created using 'SolidWorks' to visualize the concept. Figure 5
shows the isometric view (a) and the front view (b) of the overall design of the quick-action medicine
dispensary.

The schematic identified and specified the necessary components required to build the structure.
Based on this, the components were processed and assembled. Some of the primary components
that built the dispensary are described in the upcoming sections.

Tube A Tube B Tube C

|—» LCD

Display Shelve

Servo

Keypad

Shel
eve(

Valve

Front Panel

(a) Isometric view (b) Front View
Fig. 5. The 3D model of the medicine dispensary

2. 3. 1. The Outer Structure

The overall structure of the dispensary is planned to be rectangular, with three sections designed
to dispense three different categories of medicine. The sections are labeled as ‘A’, ‘B’, and ‘C’. In
Figure 6, taken during the construction of the dispensary, these sections are labeled respectively
from the left side. Each section of the dispensary consists of two shelves and a lid. There is an opening
at the bottom of each section for dispensing the medicine, and all sections are covered at the front
with a transparent acrylic slide. At the back of the QAMD, there is an extended tray to hold the
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necessary circuit-building components. All components are placed there, and the wiring is sorted and
placed in the tray.

_Upper Shelf

e  Lower Shelf

i ity »

Section A Section B Section C

Fig. 6. The three sections of the dispensary

2. 3. 2. The Shelves

There are a total of six shelves, with two shelves in each section. One shelf holds the servo and
places the valve, referred to as the lower shelf, and the other holds the tube, referred to as the upper
shelf. These shelves provide support and serve as a base to hold the servos and tubes. Both types of
shelves are cut with the necessary slots to hold the servo and the tube, and they are attached with
angles to the casing. The two shelves in each section are labeled and can be seen in Figure 6.

2. 3. 3. The Lids

At the top of each section, there is a rectangular-shaped lid to cover the entrance of the slots. The
lids are attached with hinges and supported with angles. They can be opened and closed as needed
to load and unload the tubes with medicine.

2. 3. 4. The Tubes

The tubes are the containers for storing the medicine. There are three tubes with different
specifications to store three different types of medicines: tube ‘A’, tube ‘B’, and tube ‘C’. These tubes
were planned to be manufactured using 3D printing, and a 3D model for each tube was developed
initially.

2. 3. 5. The Valves
The valves are part of the primary dispensing mechanism of the automated dispensary. There are

three valves in the dispensary, made of PVC boards and elliptical in shape. The valves contain a slot
according to the dimensions of the medicine.
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2. 4. Processing and Fabricating Components of the Structure and Assembling

Once the 3D model of the dispenser was developed and the structural components were specified,
the construction of the dispenser commenced. Initially, the outer structure of the dispenser was built
using Poly Vinyl Chloride (PVC) as the main material. PVC boards with a thickness of 5mm were cut
using various cutting tools and then joined together with adhesives. Angles were placed at multiple
joints of the dispensary for added support. After the structure was built, an extended tray slot was
attached to the back of the dispenser to hold circuit components such as the breadboard and the
Arduino microcontroller. Next, the shelves were added to the structure using angles and adhesives.
Once the shelves were in place, the lids were connected to each of the three sections of the dispenser
using door hinges, allowing them to be opened and closed like doors.

With the structure ready, the tubes for holding the medicines were fabricated using an additive
manufacturing process. The tubes were 3D printed using Polylactic Acid (PLA) filaments and then
inserted and placed on the upper shelf of each section of the dispensary. Finally, the assembly of the
circuit components was carried out. The servos with attached valves were mounted on the lower
shelves, and the LED indicator lights were placed in each section. The breadboard and the Arduino
microcontroller were placed in the tray behind the dispenser. Ultimately, the dispensary was
activated by providing power to the Arduino, resulting in the setup shown in Figure 7.

Fig. 7. The Quick Action Medicine Dispensary (QAMD)

3. Results and Discussion

The Fabricated Quick Action Medicine Dispensary (QAMD) was designed to automate the
medicine intake process and improve the management of medication schedules and storage. After
fabrication, the QAMD was provided to a group of users for trial tests. Based on user feedback, the
performance of the dispensary was evaluated, yielding the following results.
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3. 1. Quick Action and Rapid Dispensing of the Medicines with Minimum Processing Lag

This section explains how the QAMD ensures the unobstructed, fast dispensing of medicines
through the application of a quick return mechanism. Inside each tube, medicines are placed in an
order that allows them to be dispensed one by one. For this to work, the movement of the valves
must be accurate and precise; otherwise, multiple medicines may drop or clog inside the tubes. The
returning motion of the valve must be faster than the dropping velocity of the medicine to prevent
additional medicines from dropping.

This precise and quick movement of the valves was achieved by setting specific parameters for
the servo motor's movement. Each servo motor has two parameters: the angular displacement and
the delay time between the forward and return motion of the valve. These parameters can be set
and modified through coding. In the system's program, the maximum angular displacement of the
servo was set to 43 degrees, and the time delay for the servo to return to its initial position was set
to 1000 milliseconds. These values were obtained experimentally through a trial-and-error method,
optimizing the angle and time for operation. As a result, as soon as one medicine was dropped, the
tubes were closed by the valve, keeping the remaining medicines intact and properly stored. This
quick return mechanism ensured the rapid and unobstructed dispensing of medicines.

Regarding the delivery time of the medicine, the dispensary is coded to dispense the required
medicine within 5000 milliseconds of the alarm. Therefore, within 5 seconds of the timer running
out, the buzzer will ring, and the medicine will be delivered to the user within 1000 milliseconds.
Typically, each Arduino has a response delay of 1000 milliseconds to mitigate time loss due to system
lag at the microcontroller. However, in the dispensary's program, the authors included an additional
waiting period of 5000 milliseconds and removed the extra input lag from the system. Consequently,
the system worked without any input lag and was able to deliver medicine just 1000 milliseconds
after the alarm rang. Therefore, the dispensary is termed the quick action medicine dispensary
because it dispenses medicine within a second of the specified time.

3. 2. Robust Reminder and Flexible Scheduling System

This section describes how the scheduling of the medicine intake process can be set. The QAMD
is programmed to receive time inputs in any of the following formats: seconds, minutes, and hours.
The coded program of the QAMD uses the delay function to store time in milliseconds, allowing time
scheduling for medicine intake to be set for up to 42 days. Thus, the dispensary provides a very
flexible time period for scheduling medicine intake, allowing users to set schedules on an hourly,
daily, weekly, or even monthly basis.

The QAMD is also equipped with an active buzzer module. Once the timer is set, the buzzer rings
exactly after the set time interval at a frequency of 4000 kHz. This frequency was selected through a
trial-and-error method to ensure the alarm is neither too loud nor too soft to hear. Feedback from
user trials indicated that the reminder system effectively prompted users to take their medications
on time, and most users were able to hear the alarm clearly. Instances of missed doses were
infrequent and often attributable to user oversight rather than system failure.

3. 3. Simple and Friendly User Interface and System

The QAMD is equipped with a 4x4 keypad as an input device and a 16x2 LCD as an output device.
Both devices serve as the user interface, allowing users to provide input according to their
specifications. The user interface and its components were selected and designed to be user-friendly,

54



Malaysian Journal on Composite Science and Manufacturing Penerbit

Volume 16, Issue 1 (2025) 46-59 Akademia Baru

simple, yet effective. The keypad prompts the user to provide the following set of instructions as
shown in Table 2.

Table 2
The instruction prompt for the dispensary
Instruction sequence Prompt Input Key
01 Select Slot Number 01 A
02 Select Slot Number 02 B
03 Select Slot Number 03 C
04 Set Time 1,2,3,4,5,6,7,8,9
05 Set Time Format (Minutes) *
06 Set Time Format (Hours) D
07 Reset #

As seen, most of the prompts are linear and have minimal variation, with only 16 keys to operate.
Each prompt corresponds to a single, discrete key, making the interface simple to understand and
reducing the likelihood of user confusion. Besides the keypad, the user interface also includes an LCD
display unit. The LCD shows the instructions to be given to the QAMD, the required keys to press,
and the options selected by the user for each instruction.

Fig. 8. The input output section of the dispensary

During trial usage, users found it clear and easy to understand which instructions to give and in
what order. If participants made any mistakes in giving prompts, they could see and reset the prompt
as desired. This made the user interface more responsive and flexible. Participants generally found
the user interface intuitive and easy to navigate. The LCD display, with its illuminating feature, made
it easy to use the dispensary even in dark places. Figure 8 shows the user interface of the dispensary,
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with the 4x4 keypad placed right below the LCD. Additionally, there are six indicator LEDs placed
above each section, indicating which section of the dispensary is to dispense medicine. This way,
even if the user is far from the dispensary or finds it difficult to view the LCD, they can still observe
the LEDs and determine from which section the medicine will drop. Thus, the LEDs make the system
more interactive and easier to operate.

3. 4. Universal Medicine Storage Facility

The QAMD is equipped with three types of tube containers to store medicines. The first tube, or
the tube of slot ‘A’, is made for tablets, which are coin-shaped medicines. This tube is designed as a
cylindrical tube on the outside with a rectangular through-hole on the inside. The middle tube, ‘B’, is
made for capsules, which are shell-shaped medicines. This tube has a cylindrical structure with a
cylindrical through-hole. Tube ‘C’ is a universal tube for storing any type of medicine. Since some
medicines have irregular shapes and dimensions, making exact dimension tubes for them is not
feasible both financially and technically. Thus, tube ‘C’ is designed with ‘pans’ inside which the
medicines are placed. When slot ‘C’ is selected, the valve dispenses these ‘pans’ instead of the
medicine. The ‘pans’ are designed to store medicines of various sizes and shapes. This way, the
automated dispensary ensures one-by-one dispensing of medicines and enables dispensing a set of
medicines for users. Therefore, if users need to take more than one medicine at a scheduled time,
they can use the third section of the dispensary. The tubes are designed to store five medicines of
each kind, allowing for a 5-day dosage period.

3. 5. Robust and Safe Materials for Fabrication

To build the outer infrastructure of the QAMD, its valves, shelves, and lids, 5mm thick PVC boards
were used. PVC is well known for its moisture resistance, waterproof properties, and robust
structure. Additionally, metallic angles were used to provide strong support at the joints of the
structure. The combination of PVC boards and metallic angles gives the medicine dispensary a strong
and durable structure that can withstand water and prevent the dispensary from breaking down due
to the weight of the medicines and other components stored within it.

When it comes to storing medicines, a significant concern is preserving them, as medicines are
prone to contamination. To protect the medicines from environmental hazards and contamination,
aluminum foil sheets were used to cover the inner layer of each section of the dispensary as well as
the inner surface of each tube. The layer of aluminum foil, shown in Figure 9, plays an important role
in preserving the medicines from germs, moisture, and temperature. Its inert nature and established
track record in pharmaceutical packaging further enhance the safety and integrity of the medication
storage system, underscoring our dedication to providing a secure and reliable solution for elderly
individuals managing their medications. Additionally, the tubes were fabricated using Polylactic Acid
(PLA), a non-toxic and biodegradable material that poses minimal risk of contaminating the
medicines. PLA's biocompatibility and absence of harmful additives prioritize the safe preservation
of the medicines.

3. 6. Integration of 3D-Printing for Precise Fabrication

The tubes of the QAMD were fabricated using 3D printing technology. Through 3D printing, the
accurate dimensions of the tubes were ensured, enabling the precise storage and dispensing of each
type of medicine. Thus, all five medicines in each of the corresponding tubes fit perfectly and were
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dispensed properly through the slots of the valves. As shown in Figure 10, the tubes were fabricated
and later placed inside the dispensary, with the medicines subsequently stored within them.

Fig. 9. The layer of Aluminium foil inside the dispensary

Fig. 10. 3D printing of the tubes

4. Conclusion

The development of a medicine dispensing machine such as the QAMD is a promising endeavor
with notable implications for next-generation medicine. The project aimed to enhance medication
management by automating the medication process, ensuring precise timing, and enabling the
multipurpose dispensing of pill-type medicines like capsules and tablets. Although the dispensary is
primarily focused on pills rather than liquid medicines, it is designed as a universal pill dispensary,
capable of dispensing pills of any shape, size, and quantity. This leaves room for future activities to
incorporate the dispensing of liquid medicines.

Through a user-centric approach, the authors addressed technological familiarity issues,
incorporated personalized medication plans, and provided features such as reminder notifications.
Users can easily set timers for any period and receive audible reminders for their medication. The
system's interface was kept simple and linear to make it more engaging for users. While
acknowledging the limitations, the authors followed an experimental trial-and-error method to
determine the specifications of the dispensary machine, such as the servo’s angular displacement
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and delay time before dispensing. This approach allowed for the optimization of these parameters
based on practical implications rather than theoretical calculations.

However, there was a slight delay due to the response time of the components. The implications
of these findings extend beyond mere technological innovation, emphasizing the importance of
bridging the gap between healthcare and technology to cater to the unique needs of older individuals
at home, thereby fostering increased independence, safety, and overall well-being in this
demographic.

Some recommendations for future work on this project include:

i. Enhancing the system's capabilities based on user-specific health conditions and response
patterns. Introducing the Internet of Things (loT) to the current automated system of the
dispensary could ensure virtual interaction.

ii. Setting up a voice activator as a significant upgrade. Adding artificial intelligence to the
current system could improve the medicine dispensing process.

iii. Implementing more medicine slots and incorporating liquid medicines. Considering
temperature and pressure factors for storing and dispensing liquid medicines could be a new
field of exploration.
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