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ABSTRACT: Solar Power Plantsare systems A power plant that utilizes energy from light the sun to produce electrical energy. But
often a problem was found, where the resulting output voltage not constant. For this reason, the Buck-Boost circuit is used converter,
a piece of equipment that has a converting function the varying DC input voltage becomes a voltage constant DC output. In this
research, a simulation was carried out to a buck-boost converter using PID control. Design simulated with Proteus 8.9. Input voltage
setting is the main objective in analyzing success simulation series created. Selection of PID control constants the right one will
produce a buck-boost output voltage the converter matches the setpoint and gets a response stable output voltage. By using the trial
method and error obtained that with the PID constant, namely Kp = 1.0, Ki=0.01, Kd = 0.1 and for an input voltage range of 12
volts up to 40 volts, the simulation results show that the voltage The output is relatively constant, namely 24 volts with a load test
fixed and variable loads.
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1. INTRODUCTION

Electrical energy is one of the primary needs what humans need in the era of society 5.0. along with As the demand for electrica
energy increases, it becomes increasingly scarce fossil fuels so research efforts are needed to produce renewable energy. One of the
renewable energies are solar panels [1], [2]. Solar Power Plants (PLTS) are systems A power plant that utilizes energy from light the
sun to produce electrical energy. Lots of PLTS used as an electricity supplier because it is environmentally friendly, more effective
and more efficient [3], [4]. Remembering Indonesia is a tropical area, so it would be very good if PLTS seriously developed. However,
problems are often found, where the voltage is the resulting output is not constant [5], [6]. So that A system is needed that is capable
of changing the voltage The output becomes constant at that voltage set [7], [8]. A buck-boost converter is an included component in
PLTS which is used to regulate the output voltage from solar panels. This converter has the ability to change the output voltage to
more output greater or smaller than the input voltage [7]. One control system that is widely used is PID control [9]. PID control is a
combination of proportional control, integral control and derivative control. With proper determination of the PID constant, it will
producess fast system response, fast settling time or approaching zero and steady state error approaching zero [8]. To get good output
results then the parameters in the PID controller need to be set. These parameters are constant parameters proportional (Kp), integral
(Ki) and derivative (Kd). Constant proportional (Kp) functions to reduce rise time and steady state state error. The integral constant
functions to eliminate steady state error. If the two controllers are combined then produces a PI controller, but the response is transient
getting worse. So a derivative controller is needed (D) which functions to perfect the shortcomings of PI controller [8], [10]. The
entire set of buck-boost converters and controllers Proportional Integral Derivative (PID) is realized and tested using Proteus 8.9
simulation software. Based on the background description above, the research it carries the title “Buck-Boost Converter Using
Proportional Integral Derivative (PID) Control”.

2. MATERIAL AND METHODS

2.1 Research Conceptual Framework

The research conceptual framework is a researcher's framework related to the scope, material limitations, and results to be achieved
in the research stages, explained in the form of a flow chart.
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Figure I. Research Conceptual Framework

In Figure 1. above shows the photovoltaic output voltage converter using Proportional Integral Derivative (PID) control and
simulated in Proteus 8 professional software with a buck-boost converter circuit model. In addition, there is also an element of
interference such as unstable photovoltaic output voltage. So that this voltage converter is expected to be able to maintain the voltage
in normal operating conditions after the disturbance so that the distribution of electrical energy is not interrupted and does not cause
losses to its users. The conceptual framework above shows that when there is instability in the output voltage, the system
performance will be disrupted which results in the output voltage cannot be varied or changed manually, therefore one way to reduce
the impact of these disturbances is to use Proportional Integral Derivative (PID) control with a buck-boost converter circuit. This
buck-boost converter contains semicondutor components that function as switching called MOSFETSs. Where the switch will be
controlled by Proportional Integral Derivative (PID) to produce Pulse Width Modulation (PWM) on a DC voltage source that is
kept constant. Based on the description above, the conceptual framework in this research consists of two stages, namely as follows:
1. Modeling and simulation stage to model the buck-boost converter circuit in simulation form using Proteus 8 professional
software, then tested to see that the design is ready for analysis for voltage converters using Proportional Integral Derivative
(PID) control.
2. The application and performance stage is an analysis of the design that has been made with conditions when only using
Proprtional (P), Proportional Integral (P1), Proportional Derivative (PD) controls and when using Proportional Integral
Derivative (PID) controls.
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2.2 Research Operational Framework

In Figure Il shows the flow chart of the research operational framework, that the research process starts from a literature review
consisting of a literature review and a case review, until the results of the literature review are obtained in the form of varying output
voltages and Proportional Integral Derivative (PID) control specifications. Then the acquisition of data from reference data and data
sheets will be processed. The program (software) to design the buck-boost converter circuit and design the Proportional Integral
Derivative (PID) control system and analyze it is using Proteus 8 professional software, Arduino IDE software and Microsoft Office
2019 (Microsoft Word 2019). The research continues with the process of designing a buck-boost converter circuit and Proportional
Integral Derivative (PID) control system design. After that, testing of the circuit that has been designed will be carried out, then the
data obtained from the simulation test results of the circuit design will be implemented whether it is appropriate or not, for
comparison the data will be adjusted to the limits used. Furthermore, the final stage is the results and discussion obtained in the
form of circuit design and simulation of the buck-boost converter when using Proportional Integral Derivative (PID) control.
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Figure 1. Research Operational Framework
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2.3 Proportional Integral Derivative (PID) Control Block Diagram
A block diagram is a concise explanation of the cause and effect between input and output in a system in the form of an arrangement
of blocks. The block diagram for Proportional Integral Derivative (PID) control can be seen in Figure I1I.

Setpoint + PID Controller ’—»{ Buck-Boost ’—»{ Output Voltage
- Converter

Voltage Sensor

Figure I11. Proportional Integral Derivative (PID) Control Block Diagram

3. RESULTS AND DISCUSSION
3.1PID and PWM Control Design
The controller is used to control the output voltage from the buck-boost converter so that the output voltage is stable. The controller
used is the Arduino Uno microcontroller by using the PID controller algorithm. In making this controller that is considered is about
the setpoint of the buck-boost output that must be maintained which is seen from the ADC data. seen from ADC data. For frequency
settings displayed on the program,

setPwm Frequency (9, 8);
Then the sensor will read the voltage from pin AQ,

sensor = analog Read(A0);
To convert the analog reading value to digital, the number read will be multiplied by 5 and then divided by 1024.

compare = (sensor * 5) / 1024
In the two command lines below, calculations are performed when the voltage passes through the voltage divider,

current = compare / 2; double teg_out = current * 12;
Then the time calculation is carried out, to find out the resulting voltage difference, as well as calculating the various error parameters
required to adjust the output voltage,

unsigned long now = millis();

double timeChange = (double)(now - lastTime);

double dErr = (error - lastErr) / timeChange;

error = sp_teg - teg_out;

lastErr = error;

lastTime = now;

errSum += (error * timeChange);

Output = kp * error + ki * errSum + kd * dErr;

3.2 Testing Phase
At this stage is the data collection stage collected based on tests carried out on simulation of the circuit created. Specifications for
simulation on buck-boost converter circuit, namely with a load R of 12 ohms, an inductor of 100 uH and a capacitor of 8600 uF.

Table I. Testing Data Minimum Input Voltage Value (12 V) To Maximum (40 V)

V input Setpoint -V output | Error
W) W) Q) (%)
12 24 24.3 1.25
15 24 24.6 25
18 24 244 1.67
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20 24 24.3 1.25
22 24 25 4.16
25 24 24.3 1.25
28 24 24.4 1.67
32 24 24.6 2.5

37 24 23.9 0.41
40 24 25 4.16

From the test results above, it can be seen from the testing data and waveform graphs buck-boost converter works and works well
at minimum to maximum voltage although the voltage on the input side changes, the voltage on the output side is relatively constant,
which is close to the desired output voltage (24 volts) with an error of under 5% with PID parameters namely Kp = 1,0, Ki = 0,01
and Kd = 0,1. Also tested with different PID parameter values but the resulting output voltage parameter values but the resulting
output voltage value has not meet the desired setpoint.

Table Il. Testing Data Maximum Input Voltage Value (40 V) To
Minimum (12 V)

V input Setpoint -V output | Error
%) %) V) (%)
40 24 25 4.16
38 24 24.6 25
35 24 23.1 3.75
30 24 24.5 2.08
26 24 23.9 0.41
23 24 24.9 3.75
21 24 24.3 1.25
17 24 245 2.08
14 24 245 2.08
12 24 24.3 1.25

From the test results above, it can be seen from the testing data and waveform graphs buck-boost converter works and works well
at maximum to minimum voltage although the voltage on the input side changes, the voltage on the output side is relatively constant,
which is close to the desired output voltage (24 volts) with an error of under 5% with PID parameters namely Kp = 1,0, Ki = 0,01
and Kd = 0,1. Also tested with different PID parameter values but the resulting output voltage parameter values but the resulting
output voltage value has not meet the desired setpoint.

Table I11. Test Data Of Fixed Input VVoltage Value (40 V) With Varying Loads
R Load Varies

V input R beban | Setpoint | -V output | Error
V) (L) V) (-V) (%)
40 5 24 24.2 0.83
40 7 24 24.3 1.25
40 8.5 24 24.4 1.67
40 10 24 24.7 291
40 12 24 25 4.16
40 135 24 23.7 1.25
40 16 24 22.7 5.41
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40 17 24 23.2 3.33
40 19 24 245 2.08
40 20 24 25.1 4,58

Testing buck-boost converter using PID control PID control is carried out with a variable load of 20 ohms at the maximum voltage
of 40 V. This test aims to determine whether the system can maintain stability in accordance with the desired setpoint with a change
in load. load changes. In this test, an input voltage of40 V with the desired buck-boost output voltage of 24 V with PID parameters
Kp, Kp, and Kp. (setpoint) is 24 V with PID parameters namely Kp = 1.0, Ki = 0.01 and Kd = 0.1.

From each test result that has been done, the buckboost converter can work according to its purpose with good results.

good results.

4. CONCLUSION
Based on the simulation results and discussion of the analysis analysis of the buck-boost converter circuit using PID control it can
be concluded that:

1. The output voltage on the output side of the buck-boost converter can be maintained relatively constant by using PID
control system even though the voltage on the input sideDC source and R load changes.

2. Inthis study, the PID parameter setting value using the trial and error method with the values kp = 1.0, ki =0.01, and kp =
0.1.

3. Buck-boost converter testing is influenced by parameters such as dutycycle and the value of components to be used.
components to be used.

4. The test results obtained a minimum voltage of 12 V when duty cycle 37.5% while the maximum voltage is 40 V when the
duty cycle is 67%.

REFERENCES

1. DingS. T. F. Apreka, "Design and implementation of MPPT fuzzy logic control using boost converter for lighting on
chicken farm," Power Electron. J. Electros, vol. 11, no. 1, pp. 69-75, 2022.

2. Komaruddin, "kontrol buck-boost converter," J. ELTEK, vol. 12, no. 02, pp. 78-89, 2014.

3. W. B. Pramono, D. A. R. Wati, and M. V. T. Yadaka, "Simulation of Maximum Power Point Tracking on solar panels
using simulink matlab," Pros. Semin. National. 9th ReTI1 2014, vol. 1, pp. 176-183, 2015.

4. S. Utami, "To optimize the output power of solar cell using MPPT," J. INFOTEL, vol. 9, no. 1, pp. 92-99, 2017.

5. F.S. Dinniyah, W. Wahab, dan M. Alif, "Simulation buck-boost buck-boost converter for solar panels using a controller
PID," Energy Procedia, vol. 115, pp. 102-113, 2017.

6. D. F. Prakoso, "PID control for buckboost chopper capacity of 1 kW capacity based on microcontroller," Thesis, Univ.
General Soedirman, 2019

7. S.D. D. Putri and Aswardi, "Design of buck-boost converter using PID control," Jtev (Journal of Electrical and VVocational
Technology), vol. 06, no. 02, pp. 258-272, 2020.

8. Hermansyah, Soedibyo, and M. Ashari, "Simulation of double buck boost bidirectional DC-DC converter using PID
controller. B-1 B-2," Pros. SENTIA, vol. 7, pp. 1-6, 2015.

9. E. A Wibowo, "Design of buck converter as battery charging system," MSI Transaction on Education, vol. 03, no. 04,
2022.

10. M. Ali, "Learning to design PID control system with Matlab software," J. Electrical Education, vol. 1, no. 1, p. 2, 2004.
matlab software," J. Electrical Education, vol. 1, no. 1, p. 2, 2004.

11. M. Otong and R. M. Bajuri, "Maximum Power Point Tracking (MPPT) on Wind Power Generation system using buck-
boost converter," Setrum System. Control-Power-electronics-telecommunication-computer, vol. 5, no. 2, p. 103, 2017.

12. M. C. Rachman, "Design of buck boost converter with lab view based monitoring system," islamic university indonesia.
Yogyakarta, vol. 24 no. 1, pp. 29-41, 2018.

664 “Corresponding Author: Mohd. Johanuddin Volume 07 Issue 01 January 2024

Available at: www.ijcsrr.org
Page No. 659-665


https://doi.org/10.47191/ijcsrr/V7-i1-62
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/

International Journal of Current Science Research and Review
ISSN: 2581-8341

Volume 07 Issue 01 January 2024

DOI: 10.47191/ijesrr/\V/7-11-62, Impact Factor: 6.789

IJCSRR @ 2024 WWW.ijCSFT.org
13. T. Budianto, "Solar power generation system for laptop and cell phone chargers at Ist Akprind," J. Elektr., vol. 3, no. 1, pp.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.
28.

29.

30.

31.

32.

33.

34.

35

45-49, 2016.

"Solar panels a thousand paths to energy renewal indonesia page  all-Kompasiana.com.
"https://www.kompasiana.com/kilengser /6204899dbh448626fa675ca2/solar-panel-one-thousand-ways-to-energy-
renewal-Indonesia?page=all&page_images=2 (accessed Aug. 01, 2023).

M. W. H. Basri, B. D. Sulo, and M. J. Afroni, "Design and construction of buck-boost converter on Microhydro Power
Plant system using PID," Science Electro, vol. 14, no. 2, pp. 2. system using PID," Science Electro, vol. 14, no. 2, pp. 1-
150, 2022.

N. Taofik, R. M. Imam, A. Zahroh, and R. E. Saputra, "Design and simulation of charging station system by considering
the incoming voltage on buck-boost converter," EJoint (Electronica and Electrical Journal of Innovation Technology), vol.
03, no. 1, pp. 36-41, 2022.

"9 Types of Diodes and Their Uses." https://ajat.xyz/2020/10/17/9- kinds-of-ideas-and uses/ (accessed Aug. 01, 2023).
"Explanation of Electrolytic Capacitor Function.” https://www.ruangteknisi.com/electrolytic-capacitor-function-type-
ways-of-working / (accessed Aug. 01, 2023).

"Resistor Function as a Current Restriction.” https://solderpanas.com/593/function-resistor-as-current-blocker.html
(accessed Aug. 01, 2023).

"Definition, Functions and Types of Inductors." https://blog.unnes.ac.id/antosupri/ understanding-functions-and-types-of-
inductors/ (accessed Aug. 01, 2023).

Usher and D. Pradita, "Design of a multilevel boost converter using PID control with resistive load," Thesis, university of
jember, 2018.

Nugraha and K. Krismadinata, "Design of a single-phase inverter with PWM pulse width modulation using an interface.
phase inverter with PWM pulse width modulation using computer interface,” JTEV (Journal of Electrical and Vocational
Technology), vol. 6, no.1, p. 340, 2020.

Malvino dan D. Bates, Electronic principles Eight Edition, McGraw-Hill Education, 2 Penn Plaza, New York, 2016.
"IRF5210 MOSFET Equation: Pinout, Specifications & Datasheet.” https:// android news.com/ equation -mosfet-irf5210/
(accessed Aug. 01, 2023).

Jayadi, T. Susanto, and F. D. Adhinata, "Proportional control system for pioneer P3-avoidance robot. control system for
pioneer P3-x obstacle avoidance robot (Avoider)," Maj. DX," Maj. IIm. Technol. Electro, vol. 20, no. 1, p. 47, 2021.

N. Huda and F. Khamami, "Modification of electric bicycle control system," J. Cahaya Bagaskara, vol. 1, no. 1, pp. 30-35,
2017.

Sulthoni, "Design of current limiter on buck," Thesis, Islamic University of Indonesia,2020.

D.M Sobirin and J. Utama, "Design of multi Computer Numerical Control (CNC) system for plotter and laser engraving,”
Komputika, vol. 9, no. 1, pp. 7-25, 2019.

R. T. Putra, "Remote sensing (location & air quality imagery)," Thesis, Univ. of Indonesia. air quality),” Thesis, Univ.
August 17, 1945, Surabaya, pp. 7-55, 2018.

M. S. Drajat, "Chapter 11 theoretical basis 2.1 suspension cable system," Thesis, Univ. August 17, 1945, Surabaya, pp. 6-
30, 2018.

M. S. Drajat, "A suspension cable control system for object locomotion in 3-dimensional space," Thesis, Univ. Computer.
Indonesia., 2019.

M. I. A. Pratama, A. H. Sulasmoro, and I. Pudja, "C++ programming of shallot planting robot using Arduino based on
Internet of Things," Thesis, Polytechnic of Harapan Bersama, 2021.

R. Nuraini, "Design of an automatic chicken feeding robot based on Atmegal6 microcontroller using simulator software
Proteus 8," Petir, vol. 11, no. 1, pp. 31-37, 2018.

M. Dewi, "Decision support system for admission selection new employees of nabila cake & bakery with the web-based
Simple Additive Weighting (SAW) method based on the web," Thesis, University of Muhammadiyah Ponorogo, 2016.
A. Ridlo, Flowchart Making Guide. Surabaya: Department of Health Administration and Policy, 2017.

Cite this Article: Rizky Aprylianto Susilo, Mohd. Johanuddin, Besse Ita Sari (2024). Buck-Boost Converter Using Control
Proportional Integral Derivative (PID). International Journal of Current Science Research and Review, 7(1), 659-665

665 “Corresponding Author: Mohd. Johanuddin Volume 07 Issue 01 January 2024

Available at: www.ijcsrr.org
Page No. 659-665


https://doi.org/10.47191/ijcsrr/V7-i1-62
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/
https://www/

