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1. INTRODUCTION

One energy source that people utilize frequently is electricity. Electrical energy is the primary
energy source for a variety of electrical and electronic devices. Electrical criteria set by the load must be met
by power plants that generate electricity. In electrical energy, voltage and frequency are the standards that
need to be taken into account [1]-[5]. Alternating voltage (AC) and direct voltage (DC) are the two categories
of voltage used for voltage standards [6]. Direct voltage (DC) is used as the power source for a variety of
electrical devices, including electronic devices and DC motors. Batteries, solar panels, fuel cells,
thermogenerators, and other electrical devices can all produce DC voltage. Repaired AC voltage is another
source of DC voltage [7]-[10.

In this study, a DC-DC converter of the buck-boost converter type will be used. Buck-boost
converter is a DC-DC converter that functions to increase and decrease DC voltage [11]-[13], this converter
is used to obtain a DC output voltage that is greater and smaller than the source voltage. Buck-boost
converter is composed of MOSFET (active switch) and diode (passive switch) [14]. To obtain an output
voltage that is in accordance with the needs of the equipment, the buck boost converter needs to be
controlled. Various methods of controlling the output voltage of the buck boost converter have been
discussed by previous researchers, such as the use of the PI controller method [15], PID controller [16],
Fuzzy logic [17], and others. Each control method has its own advantages and disadvantages. The PI
controller is easy to implement but less reliable in dealing with the dynamics of load changes [9]. In this
study, the control of the output voltage of the buck-boost converter was controlled using an artificial
intelligence method, namely Fuzzy Logic Type Mamdani. Fuzzy Mamdani is a fuzzy logic system used for
rule-based decision making [18]-[25]. Fuzzy logic is a way to describe input into an output [26]. By using the
hybrid learning procedure, Fuzzy Mamdani can build an input-output mapping based on human knowledge
(in the form of fuzzy if-then rules) with the right membership function. The selection of Fuzzy Mamdani
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control for controlling the output voltage of the buck-boost converter is expected to produce a more valid
output voltage compared to other methods.

Buck-boost converter is designed with input voltage of 12-24 volts and maximum output voltage of
18 volts. Control of output voltage of buck-boost converter in this research is implemented using Arduino
Atmega 2560. For programming Fuzzy Mamdani control will be done using simulink matlab software.
Testing of output voltage control system of buck-boost converter will be done in two ways, namely testing of
varying load with constant reference voltage and testing of constant load with varying reference voltage. The
use of Fuzzy Mamdani control in this buck-boost converter is expected to produce better output voltage
response compared to other control methods.

2. METHOD

This research was conducted in the form of an experiment, using Fuzzy Mamdani control to control
the output voltage of the buck-boost converter. In this study, the buck-boost converter with an input voltage
of 12 to 24 volts will be reduced in voltage to produce a maximum output voltage of 18 volts. This buck-
boost converter works with the process of switching on and off on the MOSFET based on the duty cycle
value [27]. The on and off time of a semiconductor in PWM is determined by the duty cycle, which is the
comparison of the switch on time with the period [28]-[33]. The design of the buck-boost converter output
voltage control system based on Fuzzy Mamdani is implemented with Arduino Atmega 2560 which functions
as the main working processor in the circuit. In this study, there is a gate drive circuit as a connector between
the buck-boost converter circuit and the Arduino Atmega 2560. This buck-boost converter circuit is also
equipped with a voltage sensor on the buck-boost converter output side to obtain buck-boost converter output
voltage data which will later function as feedback for Fuzzy Mamdani control. The design of the buck-boost
converter output voltage control based on Fuzzy Mamdani can be presented with a block diagram shown in
Figure 1.
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Figure 1. Block diagram of the buck boost converter control system with Fuzzy Mamdani inference system

Figure 1 shows a block diagram of the output voltage control system of the Fuzzy Mamdani-based
buck-boost converter. The working principle of the Fuzzy Mamdani-based buck-boost converter output
voltage control is done by adjusting the PWM pulse of the semiconductor switch in the buck-boost converter,
as shown in Figure 2 below. The Fuzzy Mamdani input is a voltage error, this voltage error is the difference
between the reference voltage and the output voltage feedback. The output voltage feedback is obtained from
a voltage sensor installed on the output side of the buck-boost converter. The Fuzzy Mamdani output is in the
form of a duty cycle change value, the duty cycle value for the PWM pulse will increase and decrease
according to the voltage error. The duty cycle will produce a PWM pulse on the Arduino, the resulting PWM
pulse will be increased in voltage through the gate drive circuit according to the voltage required to activate
the MOSFET. That way the buck-boost converter will produce a voltage value that matches the reference
voltage value.
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Figure 2. Schematic of the output voltage control system of the buck-boost converter with Fuzzy Mamdani

The flowchart of the buck-boost converter output voltage control system based on Fuzzy Mamdani

can be seen in Figure 3.
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Figure 3. Flowchart of the buck-boost converter output voltage control system based on Fuzzy Mamdani
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Figure 3 is a flowchart of the buck-boost converter output voltage control system based on Fuzzy
Mamdani. This study uses Fuzzy Mandani control to regulate the PWM pulse in the buck-boost converter
circuit. Fuzzy Mamdani is one of the methods in fuzzy logic used to build a fuzzy inference system,
especially in the context of decision making or automatic control. Fuzzy Mamdani consists of Fuzzification,
inference system, rule base and defuzzification. In Fuzzification, the process of converting numeric input
data into linguistic language is carried out using Fuzzy membership functions. One of the characteristics of
Fuzzy Mamdani is that its input and output are presented with Fuzzy membership functions. In this paper.
Fuzzy input is a voltage error, while the output is a change in Duty cycle, as shown in Figure 4.
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Figure 4. Input and output membership functions of the proposed Mamdani Fuzzy

The relation between Fuzzy input and output is presented with a rule base. Based on the number of
input and output membership functions, there are five rules in this paper, as shown in Figure 5. Figure 5 is a
rule base. In this section, fuzzy logic rules in the form of IF-THEN are applied. Each rule describes the
relationship between input and output in a more abstract form. These rules relate input variables to the
desired output.
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Figure 5. Fuzzy Mamdani rule base
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3. RESULTS AND DISCUSSION (10 PT)

After the design of the output voltage control system is complete, the next step is testing. Testing is
done using a buck-boost converter circuit, which has been connected to several components such as a PC
(Simulink Matlab), volt meter, ampere meter, DC power supply, and variable resistor. The test circuit can be
seen in Figure 6.

Figure 6. Installation of buck-boost converter testing hardware

Figure 6 is a series of tools for testing the output voltage on the buck-boost converter. The test was
carried out using the Fuzzy Mamdani method that has been programmed in the Matlab Simulink software. In
this test, the input voltage on the buck-boost converter is 12 volts. The test was carried out with several
experiments, namely testing a constant reference voltage with a varied load and testing a constant load with a
varied reference voltage. In this test, the Fuzzy Mamdani control system is said to be valid if the output
voltage produced is in accordance with the reference voltage. Figure 7 is a program for the Fuzzy Mamdani-
based buck-boost converter output voltage control system that has been created in Matlab Simulink.
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Figure 7. Fuzzy Mamdani based buck-boost converter voltage control system program

The first test was conducted with a constant reference voltage and varying load. Figure 8 shows the
results of the buck-boost converter test when the voltage is constant and the load is varied. The figure above
shows that the Fuzzy Mamdani-based buck-boost converter output voltage control has succeeded in
controlling the buck-boost converter output voltage, this is evidenced by the output voltage graph which
remains constant at 9 V even though the load value is varied from 0.2 A, increased to 1.4A and decreased
again to 0.3 A. Furthermore, the Fuzzy Mamdani-based buck-boost converter voltage control system will be
tested with a varied reference voltage and a constant load.
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Figure 8. Varied load testing
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The second test was conducted with a varying reference voltage and constant load experiment.

Figure 9 shows the results of the buck-boost converter output voltage test when the reference voltage is
varied and the load is constant. The reference voltage is varied starting from 6 V then increased at 120
seconds to 15 V and decreased at 240 seconds to 9 V. The figure above shows that the buck-boost converter
output voltage can follow the varying reference voltage. The duty cycle value has also been successfully
adjusted based on the reference voltage value. The results of this test indicate that the buck-boost converter
output voltage control system based on Fuzzy Mamdani has successfully controlled the buck-boost converter
output voltage according to its reference voltage value.
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Figure 9. Results of varying voltage tests

4. CONCLUSION

Arduino Atmega 2560 is used to construct a fuzzy Mamdani-based buck-boost converter output
voltage control system. The highest output voltage of this control system's 24 volt buck-boost converter is 18
volts. Numerous tests have been conducted to test the control system, including testing constant loads with
variable reference voltages and varying loads with constant reference voltages. The test results demonstrate
that the buck-boost converter output voltage management system based on fuzzy mamdani has effectively
managed the converter voltage under both load and voltage variations.
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