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Abstract  The paper presents an automatic pill dispenser used to support people taking 
regular doses of medications, as well as people who want to make it easier for themselves  
to properly dose dietary supplements. This is a system of two devices, which were called: 
PROGRAMATOR and LEKOMAT. The assumptions of the designed devices were transparency 
of operation, reliability and ease of use, because they assume that they will be used by people 
who suffer from various types of pain, disorders (e.g. vision), or lack of full motor coordination. 
It was assumed that data on how much, what medications and at what time were dispensed 
will be saved on a medium that the user will enter into the device. Only a person authorized  
to modify them will have access to this data, and the user will only be able to take medications 
independently according to a previously established pill dosing schedule. 

Key words  Arduino microcontroller, automatic dispenser, C++ programming language, RFID 
module, 3D printing technology 

INTRODUCTION 

The paper presents a system of two devices supporting the correct dosing of medications, 
designed and built at the Department of Process Automation and Logistics at the Faculty  
of Transport, Electrical Engineering and Computer Science of the Casimir Pulaski University  
of Radom.  

The first device – called “PROGRAMATOR” – will allow you to enter data in the form of variables 
that are responsible for drug doses and the time that must pass between them and save this data 
on an RFID carrier. The second device – called “LEKOMAT” – will read data from the RFID carrier. 
After reading them into the microcontroller, interpreting the dose, the time that has passed 
between their collection and the time of the last dose of medication, it will use stepper motors  
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to rotate the turret feeder plates and dispense the correct medication according to the read data 
into the container. When dispensing medication, LEKOMAT will additionally record the current 
date and time on the RFID card when it dispensed the medication, in order to later verify the time 
after which the next dose of medication can be administered. 

The scope of work required to create the devices included selecting the appropriate electronic 
components - such as microcontrollers [1], a logic state converter, a real-time clock, RFID read and 
write modules, stepper motors with controllers, LCD displays, LED diodes, and power supply 
modules. The next step was to write the appropriate program code in the C++/ArduinoIDE 
programming language [2], taking into account all the assumptions of the device operation, such 
as uploading the program to the microcontroller and testing the operation. When all the electronic 
components worked together in a manner consistent with the project assumptions, a housing was 
built to provide the components with protection and the most optimal position for them  
in the device. The housing, as well as the static and dynamic elements needed for the machine  
to operate (such as feeder plates) were designed and printed using 3D printing technology [3].  
The last step was to check the operation and correctness of the work in terms of the design 
assumptions of individual devices, as well as the cooperation of the devices with each other. 

1 DESIGNE AND MAKING OF PROGRAMMER, ELECTRONIC SYSTEM AND DEVICE HOUSING 

The electronic device project PROGRAMATOR is a system consisting of three elements: Arduino 
Nano board [4], LCD 1602 display [5] with I2C converter HD44780 and RFID module MFRC552 [6]. 
These elements were selected due to their compact dimensions, low price and sufficient 
capabilities for the correct operation of the device. The diagram of the electronic system  
and the image of the assembly diagram showing the actual state of connections of the working 
device were prepared and generated using the Fritzing program [7] are presented in Fig. 1: 
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Fig. 1. Schematic diagram of the PROGRAMATOR device [own work] 

 

The assembly diagram of the PROGRAMATOR device is presented in Fig. 2. Making a working 
system required theoretical and practical knowledge so that the entire system could function 
properly and in accordance with the project assumptions, which included connecting the elements 
so that the device would operate in accordance with the adopted concept. In the case  
of the PROGRAMATOR, these elements were Arduino Nano prototype boards, a 16x2 display with 
an I2C HD44780 converter and an MFRC 552 RFID reader. The RC522 module is powered  
by the Arduino Nano board with a voltage of 3.3V, and communicates using connectors D9, D10, 
D11, D12 and D13. Thanks to the Arduino Nano communication operating voltage in the range  
of 3.3V to 5V, there is no need to use logical state converters. The LCD 1602 display operates on  
a voltage of 5V, is also powered by the Arduino Nano board, and communication takes place via 
the I2C communication interface. On the Nano board, pins A4 and A5 are responsible for this type 
of communication. The design of the PROGRAMATOR device housing was fully modeled and built 
in Sketchup Pro 2019 program [8]. 
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Fig. 2. Assembly diagram of the PROGRAMATOR device [own work] 

 
The PROGRAMATOR housing render is shown in Fig. 3: 
 

 
Fig. 3. Render of the PROGRAMATOR device housing [own work] 
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To enable editing of the housing design file in the 3D printing modeling program, Sketchup Pro 
2019 must generate a file with the .stl extension. Then we select the location to save the file, enter 
its name and after clicking Export, the file is saved in the indicated location (Fig. 4.). 

 

 
Fig. 4. Screenshot from Sketchup 2019 Pro [own work] 

The finished device consists of two elements, which were created using 3D printing technology: 
a housing and an insert (Fig. 5.), which allows for inserting an RFID Tag or RFID card.  
The Programmer device housing printout was made of PET-G filament. In addition, in order  
to ensure dust tightness and protect the device from interference with wire connections, 
previously cut elements made of transparent material, such as acrylic glass, were glued.  
The finished device housing was designed with the assumption of the smallest possible dimensions. 
Its final dimensions are: 102 mm wide, 105 mm long and 58.9 mm high (Fig. 5.). 

 

 

Fig. 5. Projection of the PROGRAMATOR device housing with its dimensions [own work] 
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2 PROGRAM AND INTERFACE IMPLEMENTATION AND DEVICE OPERATION TESTNIG 

The PROGRAMOTOR device control program was written from the beginning to make 
interaction with the user very intuitive and easy, which is why one of the project's assumptions was 
to use the LCD display and SerialMonitor for communication between PROGRAMATOR  
and Computer or PROGRAMATOR and Smartphone - a tool that is publicly available, configurable 
and easy to adapt in the event of a potential evolution of the project.  

The SerialMonitor used in the project for PROGRAMATOR-Computer communication  
is the one built into the ArduinoIDE software or as a separate, free PuTTY program. In turn, a free 
application for Android devices - Serial USB Terminal - is used for PROGRAMATOR-Smartphone 
communication.  

The PROGRAMATOR device program is limited to operating the 2x16 display and the RC522 
RFID module using a Smartphone with the Serial USB Terminal application installed or a computer 
with SerialMonitor support. The user enters 4 variables - A, B and C, which define how many doses 
of medicine no. 1, no. 2 and no. 3 the patient is to take, and variable D, which defines the interval 
at which this should take place (expressed in minutes). Compilation and uploading of the program 
to the Arduino controller is done using the ArduinoIDE program. It is an open environment  
for writing, compiling and programming microcontrollers from the Arduino family.  

After connecting the PROGRAMATOR device to the Smartphone (Fig. 6.) with the Android 
system, the Serial USB Terminal application is automatically launched on it. 

 

 

Fig. 6. PROGRAMATOR device connected to a smartphone [own work] 

 

After inserting the RFID card into the slot intended for this purpose, the device begins to work, 
i.e. collect information about variables to be saved on the card. The machine informs the user 
about the entered number of minutes that must pass between dispensed doses of medication  
(Fig. 7.). 
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Fig. 7. The PROGRAMATOR device confirms the entered number of minutes between 
dispensed medicine doses [own study] 

 

3 DESIGN AND IMPLEMENTATION OF LEKOMAT DIAGRAMS 

The electronic device LEKOMAT project is a system consisting of the following elements: 
Arduino Mega 2560 board, LCD 1602 display with I2C HD44780 converter, RFID MFRC552 module, 
four TCRT5000 reflective modules with LM393 system, four RGB LEDs, TXS0108E logic state 
converters, DS3231 RTC AT24C32 real-time clock, three 28BYJ-48 5V stepper motors [9] with 
ULN2003 controller [10] and LM2596S step-down converter [11].  

The diagram of the electronic system consisting of the above elements and the image  
of the assembly diagram illustrating the actual state of connections of the operating device were 
prepared and generated using the Fritzing program. The diagram of the electronic system  
is presented in Fig. 8. 
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Fig. 8. LEKOMAT device diagram [own work] 
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The assembly diagram is shown in Fig. 9: 

 

Fig. 9. Assembly diagram of the LEKOMAT device [own work] 

3. DESIGN AND MANUFATURE OF THE ELECTRONIC SYSTEM AND HOUSING 

The implementation of a working system required the use of theoretical knowledge as well  
as practical skills so that the entire system could function correctly and in accordance with  
the project assumptions. The task was similar to that of the PROGRAMATOR device. It consisted  
of connecting elements using the catalog notes of the manufacturers of the elements that make 
up the project. The LEKOMAT consists of elements that must work precisely together, such as: 
the Arduino Mega 2560 board, the LCD 1602 display with the I2C HD44780 converter, the RFID 
MFRC552 module, the TCRT5000 reflection module with the LM393 circuit, RGB LEDs,  
the TXS0108E logic state converter, the DS3231 RTC AT24C32 real-time clock, the 28BYJ-48 5V 
stepper motors with ULN200 controllers and the LM2596S step-down converter. 

The Arduino Mega 2560 microcontroller connects to the LCD display and real-time clock using 
SDA and SCL connectors using the I2C communication bus. The MF RC522 RFID module  
is connected to the Arduino Mega 2560 via the TXS0108E logic state converter, because the RC522 



Automatic pill dispenser supporting correct medication dosing 

36 

module has a data bus designed to operate at 3.3V, while the Arduino Mega 2560 logic operates 
at 5V. Thanks to the TXS0108E converter, the devices can communicate with each other without 
any problems.  

Due to the high current load, the stepper motors are powered by an additional LM2596S step-
down converter. The converter operates with a supply voltage in the range of 4V to 35V,  
and the output voltage that can be obtained from it is in the range of 1.5V to 30V. In the LEKOMAT 
device, the output voltage needed to power the stepper motors is 5V, and that is how  
the converter was controlled, and the wires from the converter output were connected  
to the power pins of the ULN2003 stepper motor control boards. The converter power wires were 
soldered to the 5.5mm DC power connector on the Arduino Mega 2560.  

The design of the housing and other elements of the LEKOMAT device was fully created  
and modeled in Sketchup Pro 2019 program. The render of the complete project was made  
in Sketchup Pro 2019, which is presented in Fig. 10: 

 

 

Fig. 10. LEKOMAT device render [own work] 

 

The LEKOMAT device consists of 35 elements that were designed and modeled  
in the previously mentioned program, then processed in the UltiMaker Cura 5.5.0 program  
and finally manufactured using 3D printing technology on the Artillery Sidewinder X2 printer. 
Additionally, 7 elements were cut from a 4mm thick sheet of acrylic glass. Of the 35 printed 
elements, 17 are: lower housing, lower housing insert, drug container base, upper housing, drug 
outlet reduction, three drug feeder pins, three drug feeders, single foot of the tubular feeder 
magazine, double foot of the tubular feeder magazine tubes, three tubular feeder magazines  
and a display cover. 

Elements masking imperfections in acrylic glass cutting, improving the aesthetics of the project 
are 18 pieces of masks of various sizes and shapes adjusted to the dimensions of the housing. Each 
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of the elements that make up Lekomat was designed with operational safety, strength of moving 
and static parts in mind, but also with the evolution of the entire project and modularity  
of the device in mind.  

After printing all the parts and installing the elements cut from acrylic glass and covers,  
the LEKOMAT device has the following dimensions: height 195mm, width 195mm, length 239mm 
(Fig. 11.). 

 

Fig. 11. Dimensions of the LEKOMAT device [own work] 

 

4 SOFTWARE AND INTERFACE IMPLEMENTATION AND DEVICE OPERATION TESTING 

The LEKOMAT device program is used to operate the Arduino Mega 2560 microcontroller, LCD 
display, real-time clock, three stepper motors, four RGB LEDs, four IR reflective sensors  
and the MFRC522 RFID media reader. To ensure proper communication between the device  
and the user, LEKOMAT uses two communication channels - the first is the LCD1602 display, which 
displays clear and understandable messages and tips, and the second is the SerialMonitor, to which 
the same information is sent as to the display. 

An important aspect of the LEKOMAT device is safety related to dispensing medicines.  
The program must be designed so that the person using the device does not receive too much 
medicine or cannot take it more often than the recommendation states. If the medicine is missing 
during dispensing or if the container into which the device dispenses medicines has been removed 
or overturned - the program must register this and stop dispensing the medicine, at the same time 
informing the user that the dose cannot be taken. Each time the device dispenses medicines (both 
the entire dose and its part) it overwrites on the RFID medium a variable responsible for the time 
it is possible to take the next dose of medicine. 
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The LEKOMAT device is presented in Fig. 12: 
 

 

Fig. 12. LEKOMAT device [own work] 

 
The LEKOMAT device program (Fig. 13) is supposed to work as follows, according to the project 

assumption: the device waits for the RFID card to be read, constantly monitoring the occupancy  
of the drug feeders. If any of them is empty, the device communicates this fact by illuminating  
the feeder in red, the LED diode installed under the feeder, and displaying a message on the LCD 
display and in the SerialMonitor. 

 

 

Fig. 13. Message in SerialMonitor informing that the medicine feeders of the LEKOMAT 
device are busy [own work] 
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When the medication dispensers and the tray for the medication container are occupied,  
the device displays the message Wsun RFID and the current date and time in the SerialMonitor. 
Similarly, the LCD display shows the current date and time in the first line.  

After removing the container with the dispensed medications, the device starts the program 
again and checks the occupancy of the medication dispensers and the tray for the medication 
container again. If the medication containers and the tray for the medication container are 
occupied, the device is ready to read the next card. When reading the RFID carrier again,  
the program checks whether the carrier it is reading is the same one that was last processed. If so, 
it skips its reading, which forces the user to remove and reinsert the carrier, and then the program 
attempts to read the carrier. If, during dispensing, any of the three feeders run out of medication 
or the medication container is removed, and the device detects this using the IR reflective sensor, 
it will immediately stop working, reporting the problem in SerialMonitor.  

The tests of the program and the LEKOMAT device itself were successful, and the operation  
of the device and program is consistent with the project assumptions. Medications are dispensed 
smoothly, without jams. The device reacts very quickly when any of the feeders run out  
of medication, similarly when the container to which the medication is to be dispensed is removed 
during dispensing. Out of several hundred attempts at operation, not one has ended in failure. 
 It only happens sometimes that the medications are placed at an inappropriate angle and the IR 
reflective sensor registers the lack of medication while it is in the feeder, but it should be noted 
that this is an occasional situation. 

4. CONCLUSIONS 

The aim of the paper was to present two original devices – the PROGRAMATOR and  
the LEKOMAT. The initially assumed functionality of the machines has been fully achieved.  
The constructed PROGRAMMER is used to record recommended doses of drugs and the minimum 
time that should elapse between subsequent doses on a user-friendly RFID card. The tool has  
a clear LCD display that displays step-by-step instructions on what to do to correctly perform  
the procedure of recording data on the medium. Data is entered after connecting the device via  
a USB cable to a telephone or computer with an installed program supporting SerialMonitor.  
It should be added here that the machine allows for recording two parameters for dispensing three 
different drugs, i.e. how many pieces of a given drug are to be dispensed and what the minimum 
time must elapse since the last dose was taken. In addition to the PROGRAMMER, the LEKOMAT, 
a drug dispensing machine, was also demonstrated. It is used to execute instructions that are 
recorded in the form of variables on the RFID medium. Like the PROGRAMMER, LEKOMAT has  
a clear LCD display that displays tips for the patient about the next steps to take and the current 
status of the device. When designing LEKOMAT, intuitive operation, reliability and durability  
of the entire structure were important aspects. The presented automatic dosing support system 
works efficiently, allowing for personalization of doses for different users, which significantly 
improves convenience and safety in the drug dosing process.  

The use of RFID technology proved to be appropriate for this project. Contactless identification 
means that the user does not have to enter any data manually, because it is enough to bring  
the card close to the LEKOMAT. This increases convenience and eliminates the risk of error. 
Another advantage of using the RFID card was the possibility of its multiple recording and reading, 
as well as its speed, which translated into efficient operation of the LEKOMATand minimizing  
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the user's waiting time. The use of the Arduino platform in the project was also successful, because 
it facilitated integrity with the RFID module and accelerated the implementation of the function  
of reading and writing data on RFID cards. The use of 3D printing to create the housing of both  
the PROGRAMMER and the LEKOMAT was crucial, as it allowed the shape and size of the housing 
to be adjusted perfectly to the components and user comfort.  

The created system has the potential for wide application, especially in nursing homes, 
 for the elderly or chronically ill, where accurate and timely dosing of medications is crucial. Future 
improvements may include the use of better RFID cards, which, with more advanced encryption, 
would improve the security of the data stored on them, as well as enabling remote programming 
of drug doses and monitoring their dispensing in real time.  

In summary, the PROGRAMMER and LEKOMAT projects show that simple technological 
solutions can significantly improve the quality of life of users by automating medical processes. 
Therefore, in the future, it is worth considering further improvements to the system to increase  
its safety and ease of use. 
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