Journal of Computer Engineering, Electronics and Information Technology (COELITE)
Volume 1, Issue 1, April 2022, pp. 9~20
e-ISSN: 2829-4149 | p-ISSN: 2829-4157 9

Smart Pet Feeder on Cat Food Portions Using Mamdani's Fuzzy
Logic Inference System Method

Muhammad Ayat Hidayat', Suriandi Jayakrista?

!Computer Engineering, Department of Informatics and Computer Engineering, Faculty of Engineering, Universitas Negeri Makassar,
Makassar, 90245, Indonesia
“Machine Engineering Department, Universitas Pasundan, J1. Dr. Setiabudi No.193, Bandung, 40153, Indonesia

ARTICLE INFO ABSTRACT

Atrticle history’s: This is a system that can help cat owners provide the right amount of food for
Received : 17 Mar 2023 the;r cats. This system uses the Mamdapl fuzzy }oglc inference system method
Revised : 20 Apr 2023 which can process input in the form of information about the cat's body weight
Accepted : 29 Apr 2023 and make a decision about the amount of food to be given to the cat. This

system is integrated with a smart pet feeder called FoodyPet which can
dispense food according to the decision made by the system. By using this
Keywords: system, cat owners can easily provide the right amount of food for their cats
and maintain their cat's health. In addition, this system can also help cat owners
automatically schedule their cat's meal times so they don't have to worry about
forgetting to give food to their cats. This system consists of several main
components, namely Arduino UNO as a microcontroller that runs all data
processing processes, an loadcell as a tool to measure the cat's body weight,
an ultrasonic sensor as a tool to measure the level of food in the tank, and an
LCD display used to display information about the food portion to be given to
the cat. This system is also equipped with a buzzer that will signal the cat
owner when the food is ready to be given to the cat.

Embedded, Fuzzy Logic, Mamdani,
Arduino, Control

Muhammad Ayat Hidayat,

Computer Engineering, Department of Informatics and Computer Engineering, Faculty of Engineering, Universitas
Negeri Makassar, Makassar, 90245, Indonesia

Email: m.ayat.hidayat@unm.ac.id

1. INTRODUCTION

Cats are animals that can be kept and are one of the most popular and widely kept pets today [1]. Cat
owners come from various age groups and different backgrounds, therefore various problems arise in the
procedures for raising and caring for cats at home. The problem that often occurs is that it is difficult for cat
owners to provide food when leaving their pet cat for a long time and the portion of food that is not ideal can
cause the cat to be malnourished or even obese [2]. So many pet feeder products were created beforehand to
make it easier for cat owners.

IoT is a concept that is widely used in smart pet feeder systems [3][4] not only that, but also in other fields
such as [S5]. The use of the IoT concept makes it easier for cat owners to send orders to the smart pet feeder to
provide food to their pet cats using a mobile application [6][7]. Unfortunately, most existing smart pet feeders
do not pay attention to the ideal portion of food given to the pet cat itself [2]. To solve this problem, a system
is needed that can regulate the ideal portion of a cat's meal. There are so many algorithms that can be used to
design the system, one of which is Fuzzy Logic.

Fuzzy logic is an artificial intelligence field that is intended to create intelligent systems [8] and is a
mathematical framework utilized for managing uncertainty and imprecision in reasoning and decision-making.
Unlike classical logic, which is based on binary true/false values, fuzzy logic permits various degrees of truth
and membership in a set. Membership functions are assigned to variables in fuzzy logic, which determine the
extent to which an input value belongs to a specific set. These membership functions may be defined using
linguistic terms such as "very high," "high," "medium," "low," and "very low." Fuzzy logic finds numerous
applications in areas such as artificial intelligence, control systems, and decision-making. It is particularly
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advantageous in managing complex systems that contain high levels of uncertainty or when accurate
mathematical models are unavailable, as depicted in Fig. 1.
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Fig. 1. Fuzzy Logic Block Diagram

The way of working in Fuzzy Logic has a value of fuzzyness or gray between right and wrong and has a
reasoning system that is similar to intuition or human feelings so that it can be used for systems that require a
reasoning process [9]. One method in Fuzzy Logic that has a higher level of accuracy than other methods is
the Mamdani Inference System method [10]. Researchers need several components to realize the system such
as a microcontroller which is used as the main component and control center in the designed system. The
microcontroller used is Arduino UNO ATmega328. Arduino UNO is a microcontroller board based on the
ATmega328. The microcontroller is a single board electronic device with open source or open source nature
[11] which is very easy to use both in terms of hardware and software as shown in Fig. 2.

Fig. 2. Arduino UNO ATmega328

The Arduino UNO board comes equipped with 14 digital input/output pins (with 6 of them capable of
being used as PWM outputs), 6 analog inputs, a 16 MHz ceramic resonator, a USB connection, a power jack,
an ICSP header, and a reset button. It has everything necessary to support the microcontroller and only requires
a connection to a computer via USB cable or an AC-DC adapter or battery to operate.

The control system for the smart pet feeder that was designed is outfitted with servo motors, RTC,
ultrasonic sensors, load cells, and buzzers. Servo motors are vital components used in several industries that
require precise position control, such as numerically controlled machines, robotics, automation, and other
mechanisms where quick and accurate start and stop functions are needed [12-13]. The microcontroller
commands the servo motors to rotate.

The Real Time Clock (RTC) utilized in the control system is a module that serves as a timer and is
composed of electronic chips. These chips can function with clocks in general and calculate seconds, minutes,
and hours with great accuracy, and store these calculations in real-time [14]. The RTC in the control system
acts as a time store to prevent it from continuously changing when the system is not powered [15]. The
ultrasonic sensor is used to measure the percentage of leftover food in the system. Ultrasonic sensors operate
by reflecting sound waves and are used to detect the distance or presence of a specific object using sound waves
ranging from 20 kHz to 2 MHz [16]. The ultrasonic sensor consists of two components: the transmitter and the
receiver.
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2. RESEARCH METHOD

The tool design method of this system planning consists of block diagrams, flowcharts and interrelated
mechanical designs. In addition to hardware, the system is also equipped with fuzzy logic to run effectively
according to user needs.

2.1. Working Principle and Block Diagram

The working principle of the Arduino microcontroller-based smart pet feeder system which is equipped
with several components works with 9V power which functions to move the servo as a food gate down and
turn on several important components such as load cells, ultrasonic sensors, buzzers, and LCDs. The
microcontroller is connected directly to the RTC (Real Time Clock) which functions as a cat feeding schedule,
ultrasonic sensors which function to measure the remaining volume of cat feed, buzzer as an alarm when the
feed is finished, and LCD which will display information on feeding time and remaining feed in the smart
FoodyPet pet feeder. When the cat steps on the loadcell, the microcontroller will receive a signal to move the
servo motor and open the feed gate and the cat can immediately enjoy the food without waiting for the owner
to feed it conventionally.

The first step is to design a Cat Food Portion Control System on the Arduino UNO-Based Smart Pet
Feeder FoodyPet Using the Mamdani Fuzzy Logic Inference System Method, namely by making a block
diagram. The purpose of making the block diagram is as an initial planning for making the system as shown in
Fig 3.
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RCWL-1601 DS3231

Fig. 3. Proposed System Block Diagram

There are three input components and three output components. The load cell will weigh the cat's body
weight so that the portion of the cat's feed will be adjusted according to the cat's body weight assisted by fuzzy
logic.

2.2. Wiring Diagram
All components that have been designed are then connected according to the required pins. The design of
the wiring diagram is done using the Tinkercad simulator depicted in Fig. 4.
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Fig. 4. Proposed Wiring Diagram

2.3. System Flowchart

Flowcharts or can also be referred to as flowcharts in the system will be made with the working principle
of the tool to be produced. The flowchart starts from when the system is turned on until the final process in the
system, depicted in Fig. 5.
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Fig. 5. Proposed flowchart system

3. RESULTS AND DISCUSSION
To determine whether the tool works according to design it is necessary to do testing. However, before
testing is carried out, it is necessary to implement fuzzy logic on the system that has been made.

3.1. Variables and Fuzzy Sets

Fuzzy variables are variables that are operated and used to temporarily store input values into crisp values
in a fuzzy system. There are 2 interrelated attributes in the fuzzy set, namely linguistic values and numerical
values. This system has 3 fuzzy variables used, which include 2 input variables and 1 output variable. Variables
and fuzzy sets can be seen in Table 1 as follows.

Table 1. Variables and Fuzzy Sets
Variable Fuzzy Nama Variabel
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Berat Badan
Waktu

Variabel output ~ Porsi makan

Variabel input

3.2. Membership Functions

Based on the variables and fuzzy sets that have been determined, there are membership function equations
and their curves that will be used in the ideal cat food portion control system

1) Equation and membership curve of variable body weight

There are 4 linguistic values that are owned by the weight variable, including {small, normal, large, obese}.
The linguistic value can be seen in the membership function in Fig. 6. as follows:

Ringamormal Berat Obesitas

Fig. 6. Member Function Weight Curve
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2) Equation and time variable membership curve

There are 3 linguistic values that are owned by the time variable, including {morning, afternoon, evening}.
The linguistic value can be seen in the membership function in Fig. 7. as follows:
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Fig. 7. Time Member Function Curve
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3) Portion membership equations and curves

There are 3 linguistic values that are owned by the portion variable, including {Little, Moderate, Many}. The
linguistic value can be seen in the membership function as follows:
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Fig. 8. Feed Portion Member Function Curve
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3.3. System Testing

System testing is carried out to ensure that all components work as they should. There are five components
tested, namely the ultrasonic sensor, load cell, RTC, LCD, and buzzer. Each component is tested ten times on
a regular basis to show the level of accuracy the component runs. At the end of the test, a thorough test will

also be carried out when all the components have been combined into one final prototype.

1) Ultrasonic Sensor Testing

Ultrasonic sensors in this study are used to measure the height of food contained in food tanks. The results of

the tests carried out in Table 2. as follows:

Table 2. Ultrasonic Sensor Testing

Pengujian Persentase Persentase
Ke- Ril Ultrasonik
1 50% 50%

2 78% 0%

3 80% 80%

4 30% 100%

5 30% 30%

6 0% 0%

7 100% 100%

8 100% 0%

9 48% 48%

10 93% 93%

Based on the test data contained in the ultrasonic sensor testing table in Table 2, it can be seen that of the ten
tests carried out, seven tests got accurate results and three tests got distorted results. The accuracy rate of using

ultrasonic sensors is 70%. This indicates that the ultrasonic sensor is running quite well

2) Loadcell Testing

The load cell in this study is used to measure the weight of the cat's meal and trigger the servo motor to move.

The results of the tests carried out in Table. 3 as follows:

Table 3. Loadcell Testing

Pengujian Massa

Ke- Terdeteksi
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Based on the test data contained in the loadcell testing table in table 3, it can be seen that of the ten tests carried
out, nine tests triggered the servo to move and one test did not detect any mass above the loadcell. The accuracy
rate of using ultrasonic sensors is 90%. This indicates that the loadcell is running well

3) Real-Time Clock (RTC) Testing

The RTC or real time clock in this study is used to measure real time so that the portion of food is in accordance
with the time. The results of the tests carried out in Table. 4. as follows:

Table 4. Real-Time Clock (RTC) Testing

Pengujian Waktu Nyata
Ke- Akurat
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Based on the test data contained in the RTC testing table in table 4, it can be seen that of the ten tests performed,
all tests showed accurate real-time results. The level of accuracy from the use of ultrasonic sensors is 100%.
This indicates that the RTC is running very well

4) LCD Testing

LCD or liquid-crystal display in this study is used to display information and become the interface of foodypet.
The results of the tests carried out in Table. 5. as follows:

Table 5. LCD Testing

Pengujian LCD

Ke- Menampilkan
Informasi Secara
Akurat
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10 Ya

Based on the test data contained in the LCD testing table in table 5, it can be seen that of the ten tests carried
out, nine tests showed that the LCD displayed information as it should and one test showed inappropriate
results. The accuracy rate of using the LCD is 70%. This indicates that the LCD is running well.

5) Motor Servo Testing

The servo motor in this study is used to open and close the feed exit hole from the tank. The following are the
results of the tests that have been carried out shown in Table 6.

Table 6. Motor Servo Testing

Pengujian Motor Servo
Ke- Bergerak

Ya
Ya
Ya
Ya
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Based on the test data contained in the servo motor testing table in table 6, it can be seen that of the ten tests
carried out, all tests showed that the servo motor moved as it should. The level of accuracy from using a servo
motor is 100%. This indicates that the servo motor is running very well.

6) Buzzer Testing

The buzzer in this study is used to issue a sound as a form of warning when the food in the tank shows a
percentage below 30%. The following are the results of the tests that have been carried out in Table 7.

Table 7. Buzzer Testing

Pengujian Persentase Buzzer Buzzer
Ke- Tanki Menyala Mati

1 76% Tidak Ya

2 26% Ya Tidak
3 0% Ya Tidak
4 93% Tidak Ya

5 29% Ya Tidak
6 50% Tidak Ya

7 12% Ya Tidak
8 14% Ya Tidak
9 90% Tidak Ya
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10 64% Tidak Ya

Based on the test data contained in the buzzer testing table in table 7, it can be seen that of the ten tests carried
out, all tests showed that the buzzer turned on and off according to the settings. The accuracy rate of using the
buzzer is 100%. This indicates that the buzzer is running very well.

3.4 Compilation of Program Code

The preparation of the program code is done by entering the program code into the Arduino Uno through the
Arduino IDE software. Before implementing into the tool, the program code is tested first using the Tinkercad
simulator.

3.5 Design Result

The results of the final FoodyPet prototype design can be seen in Figure 9. The entire system is stored in a
different place from the storage tank. The ultrasonic sensor is placed above the food tank to measure the
percentage of available food and the LCD is placed in front of the tool to make it easier for users to see food
depicted in Fig. 9.

Fig. 9. FoodyPet Prototype Design Results

4. CONCLUSION

Based on the results of this discussion, it can be concluded that the problem that often occurs in cat
maintenance is the difficulty for cat owners to provide food to their cats when they are not at home and the
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portion of food that is not suitable can cause cats to be malnourished or obese. To solve this problem, we need
a system that can regulate the ideal portion of a cat's meal, which uses the Fuzzy Logic algorithm. One method
in Fuzzy Logic that has a higher level of accuracy is the Mamdani Inference System method. Researchers
needed several components to realize the system, including the Arduino UNO ATmega328 microcontroller,
which is an easy-to-use, open-source microcontroller board based on the ATmega328.

To ensure that the designed system is effective in regulating cat food portions, researchers will conduct
trials on the system using several variables as input, such as cat body weight, cat age, and cat activity. The
results of the trial will be used to determine the appropriate portion of food for the cat. In addition, researchers
will also develop a mobile application that can be used by cat owners to send commands to the system and
monitor the cat's food portion. Thus, this system is expected to provide convenience for cat owners in providing
appropriate food to their pet cats and avoid malnutrition or obesity problems.

In addition, the designed system will also be equipped with a notification feature to cat owners if cat food
runs out or if there is a disturbance in the system. This feature will help cat owners to always monitor the
condition of cat food and refill it immediately if needed. Thus, this system is expected to provide convenience
and comfort for cat owners in caring for their pet cats.
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