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Regulating the output voltage based on the desired set point is useful for many 

applications. However, getting the optimal value using fast computation with minimal 

error is still challenging. This paper aims to design, simulate, and implement a second-

order Buck-Boost DC-DC converter circuit so that the voltage result according to the 

desired set point can be achieved. Initially, testing is conducted using Matlab Simulink. 

Then, Proteus is used to test the computation of the program on embedded systems 

in which the result is implemented in C. In low voltage power electronics applications, 

this approach has never been used to determine the output form. To determine the 

value of Kp, Ki, dan Kd, PID, Ziger Nichos (Guo, 2002). method is used. Meanwhile, 

tuning is done through Matlab. For simulation on Proteus, the output is tested by 

setting the setpoint values of 3.0, 2.5, and 1.7 volts. This aims to see the pattern of 

changes in the simulation. The simulation results with Proteus show that they have 

similar peak values but with different overshoot values. This is because the simulation 

must pass the reference voltage before it drops to the desired setpoint value. Proteus 

simulation can also help to prove embedded system programs are running correctly. 

On the other hand, the value of 1.7 volts is used as a setpoint in device implementation. 

This is due to the determination that the setpoint voltage in the implementation does 

not exceed the value of the source/power supply. The results show that for the rise 

time value of 378,770 ms, Overshoot and settling time are 11.798% and 0, respectively. 

This means the result produces an optimal value which is a return to the initial target. 

The optimal factor is assessed from the ability to minimize existing errors as well as 

having the shortest possible computational process. 
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1. Introduction1 

The main objective of this research is to design a DC buck converter electronic component simulation using Matlab and Proteus 

tools. This is then followed by implementing this design to get live data of the output form. Simulation with Matlab is carried out 

to easier determine the values of Kp, Ki, Kd from Matlab tuning. Meanwhile, simulation with Proteus is carried out to test the output 

form against the setpoint. This also aims to find out whether the programming algorithm on embedded systems is running 

correctly. The second-order system, which is the main target, is first reviewed in depth both when the state is off and when the 

state is on. A better analysis is expected to be carried out to understand the output form of the second-order system used in both 

conditions (Shirazi, 2009). 

To determine the value of Kp, Ki, and Kd, the Ziger-Nichos method is used. However, in Matlab, it can be searched by simulation 

programming. A DC-DC Buck Converter is used for the main system, which has a high level of efficiency [3]. It also describes in 

detail the conditions when the system is in the state off and state on and the form of modelling when the switching process occurs. 

This makes it is easier to analyze the shape of the state space program used for simulation and implementation. For the results, 

first tested by simulation using Matlab to get the parameters Kp, Ki, and Kd, and to see the resulting output form. Before being 
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implemented into embedded systems, it is first tested using Proteus to be a reference for the success rate in determining the 

algorithm in its implementation. 

2. Literature 

The literature review relates to some of the basic concepts used in this study. Some references and analytical processes from 

several standard journals and books are presented. Among them are the basic concepts of PWM (Pulse Width Modulation) in 

regulating the duty cycle, a buck converter to adjust the output speed of the Mosfet so that it is possible to set the desired setpoint, 

PID to determine the magnitude of the parameter, as well as the stability of the desired output. 

2.1 Parameter Step Response 

Fig. 1 describes the response parameters used as benchmarks for determining the quality of the output system. These parameters 

include RiseTime, which is the rising time required when the response increases from 10% to 90% or from 0% to 100% of the peak 

value, Overshoot which is the required time to reach the first peak value or maximum peak value, and SettlingTime which is the time 

required by the response output to enter and reach an output range (usually between 2% and 5%) (Ogata, 1997). 

 

Fig. 1. Response Parameter (Mathwork, 2021) 

2.2 PWM (Pulse Wide Modulation) 

PWM is a technique for substituting the modulation by changing the pulse width (duty cycle) without changing the frequency and 

amplitude values. The generated pulse condition has a high and low zone. The pulse width given in this modulation is in the form 

of a percentage (%) from 0% to 100%, representing the pulse width. If 100%, then the signal will continue to be in a high condition 

or can be found at 50% pulse width, which means the duty cycle is in a balanced on-off position at a certain frequency. Usually, this 

PWM signal is easily generated by the MCU (microcontroller unit) for various purposes, especially to control the output of the 

MOSFET, which has a very fast opening and closing control when traversed by voltage or current. The pulse width of the PWM can 

be adjusted as needed. In this paper, the frequency of 62500 Hz is used (Celanovic, 2000).  

 

Figure. 2 describes the working principles for calculating the duty cycle at a frequency of 50 Hz so that the percentage of the duty 

cycle used in a certain time range is obtained. This relates to the opening and closing speed of the MOSFET valve itself. 

 

 

 

 

 

 

 

 

 

Fig. 2. Pulse Width Modulation (PWM) 
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2.3 Buck Converter 

Buck Converter is a device that contains several electronic components and has the characteristic of lowering the voltage. This device 

also has high efficiency (Liu, 2009). Usually, the Buck Converter consists of Mosfet, Inductor, Capacitor, Diode, and Resistor. The 

working principle of the Buck Converter is to regulate the PWM output voltage on the MCU. When it gets a signal, the Mosfet will 

open the current valve and cause the current to fill the inductor and store it in a magnetic field form. This state also causes the 

capacitor to be able to charge enough voltage to supply the output in a short amount of time. 

 

 

Fig. 3. Buck Converter Circuit 

Fig. 3 shows the Buck Converter circuit when it is ON (switch-on) or when the input voltage passes through the component. While 

the OFF state describes when there is a switch-off from the Mosfet, the inductor releases the current stored in the component. In 

this case, the values of A, B, C, D are the system matrix, x is the state variable, x is the form of the state variable, u is the system input, 

and y is the system output. The relations of these variables are written in equations (1) and (2). 

𝑥 = 𝐴𝑥 + 𝐵𝑢     (1) 

 

𝑦 = 𝐶𝑥 + 𝐷𝑢     (2) 

 

          Fig. 4. Buck Converter during ON and OFF state 

For state variables in voltage and current on the Buck Converter is written as 𝑉𝐶  and 𝑖𝐿. During ON state 𝑉𝐶 and 𝑖𝐿, it can represent 

with equations (3) and (4). 

𝑉𝑐 = 𝑢 − 𝐿
𝑑𝑖

𝑑𝑡
     (3) 

𝑖𝐿 = 𝐶
𝑑𝑣

𝑑𝑡
+

𝑉𝑐

𝑅
     (4) 

With 𝑖𝐿 = 𝑥1 and 𝑉𝑐 = 𝑥2, so we can write the derivative on the equation 𝑥1′ and 𝑥2′ and the equation become (5) and (6). The state-

space matrix form when the buck converter is ON is shown in equation (7). 

𝑥1
′ = −

1

𝐿
𝑥1 +

1

𝐿
𝑢    (5) 

𝑥2
′ =

1

𝐶
𝑥1 +

1

𝑅𝐶
𝑥2    (6) 

[
𝑥1′

𝑥2′
] = [

0 −
1

𝐿
1

𝐶
−

1

𝑅𝐶

] [
𝑥1

𝑥2
] + [

1

𝐿

0
] 𝑢   (7) 

The OFF mode where u is 0 can be explained by equation (8), which becomes the derivative value, while the state space form is 

shown in equation (9). 

𝑥1
′ = −

1

𝐿
𝑥2     (8) 

[
𝑥1′

𝑥2′
] = [

0 −
1

𝐿
1

𝐶
−

1

𝑅𝐶

] [
𝑥1

𝑥2
] + [

0
0

] 𝑢   (9) 
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To combine the values of the shape of the state space matrix when the ON and OFF modes of the buck converter occur, it is 

necessary to add a switching duty cycle d, which is shown in equations (11) and (13). 

�̅� = 𝐴(𝑂𝑁)𝑑 + 𝐴𝑂𝐹𝐹(1 − 𝑑)    (10) 

 

�̅� = [
0 −

1

𝐿
1

𝐶
−

1

𝑅𝐶

] 𝑑 + [
0 −

1

𝐿
1

𝐶
−

1

𝑅𝐶

] (1 − 𝑑) = [
0 −

1

𝐿
1

𝐶
−

1

𝑅𝐶

] (11) 

�̅� = 𝐵(𝑂𝑁)𝑑 + 𝐵𝑂𝐹𝐹(1 − 𝑑)   (12) 

�̅� = [
1

𝐿

0
] 𝑑 + [

0
0

] = [
𝑑

𝐿

0
]    (13) 

To complete the form of the matrix state-space system, equations (11) and (13) can be substituted into equation (1). 

[
𝑥1′

𝑥2′
] = [

0 −
1

𝐿
1

𝐶
−

1

𝑅𝐶

] [
𝑥1

𝑥2
] + [

0
0

] 𝑢   (14) 

So, that the form of the output system from the Matrix state-space 𝑉𝐶  and 𝑖𝐿, is written in the form of equation (15), which becomes 

the form C and D in the matrix output system [9, 10]. 

[
𝑦1

𝑦2
] = [

1 0
0 1

] [
𝑖𝐿

𝑉𝐶
] + [

0
0

] 𝑢   (15) 

 

2.4. PID (Proportional Integral Derivative) Controller 

PID control is one of the classic controls which is quite popular used in the industrial world. Almost all industries have implemented 

this type of control because, besides being easy to understand, this type of control is easy to implement in its application. In this 

paper, we try to control the PID type to control the duty cycle speed of the MOSFET opening and closing process so that it is possible 

to apply it to the valve opening and closing. The PID control has slightly different specifications because of the proportional control 

itself. 

 

PID control consists of proportional, integral, and derivative. This type of proportional control calculates the difference (error) 

between the setpoint and the control variable each time the sampling is taken. 

𝑢𝑝(𝑡) = 𝐾𝑝𝑒(𝑡)    (16) 

Derivative control is used to fix all existing errors quickly and immediately eliminate these existing errors. 

𝑢𝑑(𝑡) =  
𝑑

𝑑𝑡
𝑒(𝑡)    (17) 

A closed-loop system can also be written with a combination of P, I, D written in equation (18) so that it becomes equation (19). 

Here, the closed-loop system changes from the t domain to the s domain. 

𝑢 (𝑡) = 𝐾𝑝𝑒(𝑡) + 𝐾𝑝𝐾𝑖 ∫ 𝑒(𝑡) 𝑑𝑡 + 𝐾𝑝𝐾𝑑
𝑑𝑒(𝑡)

𝑑𝑡
 (18) 

𝑈(𝑠)

𝐸(𝑠)
= 𝐾𝑝 (1 +

1

𝑇𝑖𝑆
+ 𝑇𝑑𝑆)   (19) 

Kp is the proportional gain, Ki is integral gain, Ti is the integral time constant, and Td derivative time. 

 

Fig. 5. Close Loop Buck Converter 

Fig. 5 shows R(s) input, E(s) error, U(s) control signal, and Y(s) output in close loop buck converter. The Ziegler-Nichols method is 

used to find the value of an existing parameter. This method can be used in any way. Set the Kp value to get the form of an oscillation 
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or an oscillating output wave (Kcr); besides that, the value of Ki, Kd given is 0. Fig. 6 shows the setting of the Kp value to oscillate. 

Then, after the oscillating value is obtained, the next step is to calculate the peak-to-peak distance (Pcr) value of the Pcr multiplied 

by the PID parameter value. Kp = 0.6 Kcr, Ki = 0.5 Pcr and Kd = 0.125 Pcr. (Astrom, 2010). 

 

 

Fig. 6. PID ZN Tuning explains the manual process of getting Pcr value 

3 Results and Discussion 

This paper presents an analysis of simulation using Matlab Simulink tool to find the PID tuning value and use Proteus simulation to 

run the application in a more realistic direction. Accordingly, it can be implemented by C language before testing its form. 

 

 3.1 Matlab Simulation Results 

This section further discusses the second-order systematic form of the buck converter, which is the main design in analyzing the 

output. As for the scope, it only discusses the second-order concept in the simulation. The result is analyzed using Simulink Matlab 

in the form of power output based on some predetermined parameters. The stability obtained from the simulation can be seen in 

the course of Overshoot, settling time, and rise time. Fig. 7 depicts the system block diagram of the buck converter. The composing 

of the buck converter system where this system describes the process of measuring the sensor output will be measured using a 

current and voltage sensor which is the reference for controlling the output of the buck converter. However, the application only 

shows the form of control on the buck converter. 

 

 

Fig. 7. Close Loop Buck Converter System 

The expected process of the close loop in Fig. 7 has a stable output at 12V. In addition, the desired result is that the output has a 

fast rise time value, as small as possible Overshoot, and does not have a steady-state error. The concept offered is in the form of a 

Matlab Simulink simulation. First, the Vin reference value for the input of the buck converter is presented. Second, the application of 

the equation form in Matlab Simulink is reviewed the Mosfet's output when switching occurs and other things considered necessary. 

Third, the application of PID in the buck converter so that the output form is seen according to the desired setpoint. Forth, the 

application of the equation in Fig. 8 for the buck converter system, where the values used are listed in Table 1. In this subsection, 

the Matlab switching process is also listed in Fig. 9. 
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Fig. 8. Buck Converter System 

Fig. 8 describes a tested schematic in Matlab Simulink. The used schematic directly tests the PID parameter input form. In principle, 

when the input voltage is sourced from PV (simulated with 20.38V input from the battery), it will provide the buck converter system 

voltage and current. The Mosfet will regulate the incoming voltage, which acts as a faucet or valve that allows electronic components 

such as capacitors and inductors to be filled with their respective charges. Then, from the Mosfet, the DC voltage will start to be 

stored in the capacitor so that it can withstand some of the load used for a while. This mechanism also applies to inductors that can 

store electric current in the form of a magnetic field. They can then supply current to the load in a few moments. This aims if there 

is a demand for a load, there will be no short circuit that causes a spark. In addition, the presence of electronic components makes 

the current and voltage output more efficient. 

 

 

Fig. 9. Buck Converter Sub-System 

Fig. 9 buck converter subsystem is a signal generation system at a frequency of 62500 Hz and explains the set point used, which is 

12V. The setpoint value is entered into the Gain K with the step system input. This system becomes feedback from the information 

obtained at the output of the buck converter, which regulates how much voltage and current is required so that it will be able to 

supply energy into the load more efficient. However, this paper does not simulate the used load and only focuses on the PID concept 

on the buck converter. The concept of duty-cycle control is described in switching Mosfet, Fig. 10. 

 

 

Fig. 10. Switching Mosfet 

The simulation results show that the voltage and current of the inductor differ in phase by 90o due to the switching process in the 

Mosfet component, when the ton current becomes zero and conversely when the toff current reaches its maximum. The results explain 

that there is a phase difference of 90o. This happens because of the switching process in the Mosfet component, which results in the 

current at the ton being zero while at toff the current becomes maximum. Meanwhile, at the voltage, it happens vice versa. The 

parameter values are shown in Table 1. The implementation of the PID tuning process results; first, the tuning process is carried out 

with the standard/default values. The results can be seen in Fig. 11, where the PID value is entered into the buck converter system, 

Fig. 8. 
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Table 1. Parameter value of Buck Converter 

Parameter Value 

Vin 5.00 V 

Resistor (R1) 12 ohm 

Capacitor 0,22 F 

Inductor 0,22 H 

Freq PWM 62500 Hz 

 

Fig. 11. PID Value in Default Tuning 

Fig. 11 explains the data collection process using default values of proportional 2, integrated 5, and derivated 1. This 2, 5, 1 is the 

standard value of Kp, Ki, and Kd, which is used for the initial determination process. This is very helpful because this basic value can 

be used as a reference for estimating the PID amount, which is usually not far beyond the basic value used. The results are quite 

good, and it looks like the setting time is stable after getting it. The ZN PID tuning process is carried out directly by Matlab on the 

Control Estimation Tool Manager (CETM) tools. This is done to maximize the results, where if done manually, the process is too large 

for the Kp value itself. 

 

Fig. 12. PID Tuning Parameters 

The block-like Fig. 13 PID Simulink tuning can be used for the tuning process or determining PID parameters. 

 

 

Fig. 13. Simulink Tuning PID 
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Fig. 14 describes the results for the parameters P = 2,966, I = 7,749, D = 0. 

 

 

Fig. 14. PID Tuning Result 

 

Fig. 15. Buck Converter Simulation Result 

Fig. 15. is obtained by entering the parameter values into Fig. 8 of the buck converter system so that the rise time is 378,770 ms, 

Overshoot 11.798%, and settling time 0. The difference between the three values (rise time, Overshoot, settling time) is quite bigger 

than the standard value of Fig. 11, also show different results because the parameter values P, I, D have been entered into the test 

system. 

 3.2 Proteus Simulation Results and Implementation 

Fig. 16 shows the test results for the 1.7V setpoint where in this simulation, three setpoint values are tested, which are 3.0, 2.5, and 

1.7V. The configuration form with the implementation is made as close as possible. 

 

Fig. 16. Buck Converter Simulation Result 

Fig. 17 shows the results of different setpoints. It can be seen that the overshot value has the same peak but a different setpoint. 

This state happens because in the simulation with Proteus, the voltage must decrease from the reference voltage, which in this case 

is tested at 5V, and only occurs in the simulation. This also proves that both the program made on the embedded system and the 

hardware can follow the desired setpoint value in simulation.  
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Fig. 17. Result of Implementation 

Table 2 lists the results of the obtained setpoint values, where this value is achieved by entering the results from the simulation and 

processing using Matlab. 

Table 2. Simulation Results with Matlab 

Set-

Point 

Rise 

Time 

SettlingTim

e 0.05% 

Oversho

ot 

Peak Time 

(ms) 

3.0 0.559

0 

Nan 61% 2 

2.5 0.456

8 

186.5 93.2% 2 

1.7 0.314

8 

Nan 185.88% 2 

 

Fig. 17 shows the results of the implementation with a setpoint of 1.7V. This value is tested to match the charging voltage of 4-5 AA 

batteries. The results are relatively good. 

 

Fig. 17. Implementation Results of Buck Converter 

In contrast to the Proteus simulation results, the implementation results provide better data because the voltage does not first pass 

the reference value but goes directly to the desired setpoint value of 1.7V. It can be seen in Table 3; there is no overshoot. This is 

because the winding used is quite large with a small setpoint. The average output is 1.625V, which has a difference of about 0.075V 

from the 1.7V setpoint.  
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Table 3. Implementation Results 

Set-

Point 

Rise 

Time 

Settling Time 

0.05% 

Overshoot Peak 

Time 

(ms) 

1.7 2.1972 191.25 0% 29 

 

The average value of the relative error after steady-state is obtained, which is about 4.61% of the 1.7 V setpoint. It can be seen from 

Table 3 that there is no overshoot. This state is due to the use of supercapacitors and large coils. It can be seen from Table 3 that 

there is no overshoot. This state is due to the use of supercapacitors and large coils. 

 

 

Fig. 18. Buck-Boost Component and Data Acquisition 

4. Conclusion 

The results obtained in the Matlab simulation are very good used to find the parameter values of Kp, Ki, and Kd. These are used to 

run the simulation and implementation. In this case, there are differences in the values of rising time, settling time, and Overshoot 

from each simulation and the experimental results. However, this is not a problem because all the outputs have a fairly stable output 

value after the Overshoot, especially in the implementation results that have been applied. The results of the implementation are 

shown in Table 3, where the system has a fairly small peak time and rising time. Meanwhile, the overshoot value is 0%. This result is 

obtained because the implementation uses a type of capacitor with a value of 0.22 F, which is referred to as a supercapacitor in the 

market designation and juxtaposed with the inductor value of 0.22 H. This makes the second-order system has two balanced stability 

components. 
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