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 Maximum photovoltaic power point (MPVPP) based on DC-DC buck 

converter is supplied by photovoltaic module. A controller method is needed 

to control the signal that it drives the switching component of DC-DC buck 

converter. The previous researcher conducts proportional integral derivative 

(PID) controller applying the DC-DC buck converter, but only its parameters 

(proportional, KP, integral, KI, and derivative, KD) are studied. This paper 

presents MPVPP based on PID with gain (PIDG) controller on the DC-DC 

buck converter by tuning the parameters of KP. KI and KD and adding a gain, 

G connected to PIDG controller for charging 12 V, 7 Ah battery. The DC-DC 

buck converter is designed for the output voltage of 14.7 V and output power 

of 150 W and modelled using Simulink MATLAB. The simulation results 

show that the parameters of KP=0.0032, KI=1, and KD=4×10-7 are suitable to 

control the switching component. The gain, G gives significant effect on the 

settling time and the time to reach their steady state value of output voltage of 

14.7 V. The battery SOC can increase 1.36% per second, if the initial SOC is 

25%, thus it needs arround 55 seconds to reach the fully charging condition. 
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1. INTRODUCTION 

An electrical device that can convert solar energy into electrical energy is a photovoltaic (PV) module. 

95% of the PV module industry is made up of silicon (Si) material, which is crucial to their manufacture [1], 

[2]. These days, PV module construction technology is advancing quickly, lowering carbon emissions and 

replacing less ecologically friendly conventional energy [3]. Temperature affects how a PV module operates; 

a typical temperature of 25 °C is needed to reach the maximum power, open circuit voltage, and short circuit 

current [4]. Mathews et al. [5] examines how solar radiation conditions impact PV module output power; 

specifically, for Cadmium Telluride (CdTe) PV modules, higher solar radiation results in higher PV module 

output power, whereas lower solar radiation results in lower PV module output power.  

https://creativecommons.org/licenses/by-sa/4.0/
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Using an inverter, the PV module can be utilized in AC load applications, as demonstrated in the 

standalone system by [6], which uses HOMER to compare and analyze the technical and economic aspects of 

the various tilt angles of PV modules. Zaghba et al. [7] also uses Simulink MATLAB to simulate a standalone 

PV system, which consists of a 2 kW PV module coupled to an inverter and battery to supply AC loads. A 

battery operation controller is built into this system to regulate the energy supply from the battery or PV 

module.  

PV modules can apply DC loads either directly or through the use of a DC-DC converter. A DC 

voltage source is converted by the DC-DC converter to a DC output voltage that is either higher or lower than 

the input voltage [8]. DC-DC buck converter, DC-DC boost converter, and DC-DC buck boost converter are 

among the different kinds of DC-DC converters [9]–[13]. The DC voltage source is changed from a higher 

voltage level to a lower output voltage level via the DC-DC buck converter. The DC voltage source is converted 

from a lower voltage level to a greater output voltage level by the DC-DC boost converter [14], [15]. The  

DC-DC buck boost converter, on the other hand, is a hybrid of a buck and a boost converter. It can function as 

either a buck converter or a boost converter depending on its operating duty cycle.  

A diode, an inductor, a capacitor, a resistor, and a switching component (metal–oxide–semiconductor 

field–effect transistor (MOSFET), insulated gate bipolar transistor (IGBT), or transistor) make up the DC-DC 

buck converter [16]–[18]. The maximum PV power point (MPVPP), which is the maximum output power of a 

PV module, can be tracked using a DC-DC buck converter. Stable output performance of the DC-DC buck 

converter depends on a controller mechanism that regulates the pulse–width modulation (PWM) sign in the 

switching components. It has been modified to meet the requirements of DC load applications. 

Electrical control systems have made extensive use of proportional integral derivative (PID) 

controllers. The PID controller was created by several academics in order to improve controller performance 

in electrical applications. Rajesh and Deepa [19] designed a PID controller with a double derivative, known as 

a PIDD controller enhanced by reference adaptive control (RAC) model. Using the particle swarm optimization 

(PSO) method, the PIDD controller's parameters are adjusted to regulate the servo motor's speed. To regulate 

the switching reluctance motor, the same researcher [20] uses the flower pollination method. It is used to 

increase the motor's dynamic performance and smooth torque stability. 

Rajesh and Deepa [21] also examines the use of the PSO algorithm to adjust the PID controller's ideal 

values. The linear quadratic regulator (LQR) completes the PID controller in this system, which is known as 

the fractional order PID (FOPID) controller. It uses pole placement for feedback in order to stabilize the 

inverted pendulum model's performance. Rajesh [22] applies additional FOPID controller research to the single 

conical tank system. The FOPID controller's parameters are adjusted using the PSO technique. It is used to 

regulate the tank's internal liquid level. It is utilized in tank system hardware. In comparison to other 

conventional controllers, the FOPID controller's results on the tanks system demonstrate its smooth reaction 

and good performance in controlling the liquid level.  

Research by [23]–[27] use the perturb and observe (P&O) algorithm to manage the PWM signal on 

the DC-DC boost converter. Stabilizing the DC-DC boost converter's output performance is the primary goal 

of this approach. This algorithm is dependent on the PV module's output voltage and current. In order to make 

a choice, the algorithm multiplies the PV module's output power by its output voltage and current. Three output 

power selections are used to manage the system: the output power is less than zero, equals zero, and exceeds 

zero.  

For the DC-DC converter, Ouyang et al. [28] suggests a controller method utilizing fuzzy proportional 

integral (PI) controller. The fuzzy controller receives two input signals from the sum of the reference voltage, 

the DC-DC converter's output voltage, and its derivative. The fuzzy PI controller method generates two signals, 

which are then used to adjust the PI controller's two parameters (integral, KI and proportional, Kp). The fuzzy 

PI controller does not employ a derivative controller, nor does it add gain or G either before or after the 

controller system. On the DC-DC buck converter, Samosir et al. [29] also applies a PID controller using a 

straightforward technique to adjust its settings (proportional, Kp, integral, KI, and derivative, KD). Additionally, 

the gain, G, is not applied prior to or following the controller system.  

This paper presents a parameter tuning and a gain, G on the MPVPP for battery charging system. The 

MPVPP is constructed by DC-DC buck converter based on PIDG controller. The electrical parameters of  

DC-DC buck converter (inductor, L, capacitor, C, and resistor, R) are calculated to obtain its required output 

voltage and power. The parameters of PIDG controller (proportional, Kp, integral, KI, and derivative, KD) are 

also tuned to stable its steady state output voltage. A gain, G is applied after PID controller to obtain the 

shortest settling time and the shortest time to achieve its steady state output voltage. The performances of PV 

module, DC-DC buck converter and battery are observed and analyzed under standard test condition and 

various solar irradiance. Also, the effect of gain, G on the performance of DC-DC buck converter is analyzed.  

Future works of this research are in the implementation of artificial intelligent method (such as genetic 

algorithm, fire fly algorithm, machine learning, and fuzzy logic) for finding the parameters of PIDG controller. 

Hardware of MPVPP system can be implemented by using Arduino Uno or PIC microcontroller for tuning the 



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 14, No. 6, December 2025: 4174-4188 

4176 

PIDG controller. The oscillation of output voltage of DC-DC buck converter can be observed using 

oscilloscope to know the system stability. Also, the thermal effect on the DC-DC buck converter and battery 

can be study further.  

  

  

2. METHOD 

The DC-DC buck converter design, PIDG controller parameter tuning, battery charging, and the PV 

modul as a DC voltage source in the system as a whole are all explained in this part. The purpose of the  

DC-DC buck converter is to lower the PV module's voltage to the level needed for the battery charging system. 

The transfer function concept is used to adjust the PIDG controller's parameters (proportional, KP, integral, KI, 

and derivative, KD) with its different gains in order to get the DC-DC buck converter's steady state values in 

the shortest amount of time. The PV module is used throughout the DC-DC buck converter to charge a  

12 V battery.  

 

2.1.  Modelling of photovoltaic module as DC voltage source in the system 

The Shinyoku PV module is used in PV module modeling, with its electrical properties displayed in 

Table 1 [30]. Maximum power, open circuit voltage, and short circuit current are the primary electrical 

parameters. Two solar irradiance settings are used to characterize the PV module: the first is 1000 W/m2 of 

solar irradiance and 25 °C (standard test conditions); the second is a constant temperature of 25 °C with 

different solar irradiance. The primary goal is to see how well the DC-DC buck converter performs under these 

circumstances. 

 

 

Table 1. The electrical parameters of Shinyoku PV module 
Parameters Value 

Open circuit voltage  20.64 V 
Maximum power 20 W 

Short circuit current 1.3 A 

Open circuit voltage at the maximum power 17.2 V 
Short circuit current at the maximum power 1.16 A 

Temperature coefficient at the open circuit voltage -0.15%/ oC 

Temperature coefficient at the short circuit current 0.15%/ oC 

 

 

Figure 1 illustrates how Simulink MATLAB is used to model the PV module. The PV module's block 

parameters are filled in using the values found in Table 1. To reach the output voltage of 20.64 V on the 

regulated voltage source connected to the DC-DC buck converter's input terminal, a resistance of 48 Ω is 

connected in parallel. Based on the standard test conditions (STC) condition, the PV module's performance is 

monitored, examined, and verified. The error percentage that is a comparison between the electrical parameters 

and the simulation result which is used to validate it.  

If the error percentage is within the range of ±5%, it is considered acceptable [30]. Additionally, a 

variety of solar irradiation levels and a temperature of 25 °C are used to study the functioning of the PV module.  

 

 

 
 

Figure 1. Modelling of PV module as DC voltage source 
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2.2.  Proposed design of DC-DC buck converter based on the parameter tuning of PIDG controller 

A DC-DC buck converter as shown in Figure 2 is designed to decrease the output voltage, Voutpv of 

20.64 from PV module (as the input voltage of DC-DC buck converter) to be 14.7 V (as the output voltage of 

DC-DC buck converter, Vout). The MOSFET is as switching component that its gate terminal is driven by PWM 

generator with its duty cycle is D and its frequency, f is 10 kHz. The DC-DC buck converter is designed for 

the output power, Pout of 150 W. The duty cycle, D, inductor, L, capacitor, C, resistor, R (1) to (7), and the 

transfer function of DC-DC converter is given by (8) [17], [29]. 

 

𝐷 =
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
  (1) 

 

The output current, Iout, the ripple of inductor current, ∆𝐼𝐿  and the ripple of output voltage, ∆𝑉𝑜𝑢𝑡  are 

calculated by (2) to (4). 

 

𝐼𝑜𝑢𝑡 =
𝑃𝑜𝑢𝑡

𝑉𝑜𝑢𝑡
  (2) 

 

∆𝐼𝐿 = 1% x 𝐼𝑜𝑢𝑡   (3) 

 

∆𝑉𝑜𝑢𝑡 = 0.1% x 𝑉𝑜𝑢𝑡   (4) 

 

𝐿 =
𝑉𝑜𝑢𝑡(𝑉𝑖𝑛−𝑉𝑜𝑢𝑡)

∆𝐼𝐿 𝑓 𝑉𝑖𝑛
  (5) 

 

𝐶 =
∆𝐼𝐿

8 𝑓 ∆𝑉𝑜𝑢𝑡
  (6) 

 

𝑅 =
𝑉𝑜𝑢𝑡

𝐼𝑜𝑢𝑡
  (7) 

 

 
𝑉𝑜𝑢𝑡(𝑠)

𝐷(𝑠)
=

𝑉𝑖𝑛

𝐿𝐶𝑆2+
𝐿

𝑅
𝑆+1

  (8) 

 

 

 
 

Figure 2. DC-DC buck converter 

 

 

The DC-DC buck converter is as a plant that its output voltage is controlled by PIDG controller 

through out the PWM generator to the gate terminal of MOSFET. Figure 3 shows a proposed PIDG controller 

that it is PID controller connected by a gain, G in a series connection. The transfer function of PIDG controller 

is given by (9) by taking that Kp is multiplied by e(t) {𝐾𝑝x𝑒(𝑡)}, KI is multiplied by ∫ 𝑒(𝑡) {𝐾𝐼x ∫ 𝑒(𝑡)}, and 

KD is multiplied by 
𝑑𝑒(𝑡)

𝑑𝑡
 {𝐾𝐷x

𝑑𝑒(𝑡)

𝑑𝑡
}. 

 

 
𝐷(𝑠)

𝐸(𝑠)
=

𝐾𝐷𝑆2+𝐾𝑃𝑆+𝐾𝐼

𝑆
. 𝐺  (9) 

 

A block diagram of the plant (DC-DC buck converter), the PIDG controller with a feed back system 

is shown in Figure 4. The transfer function of DC-DC converter, PIDG controller is given by (10). 

 
𝑉𝑜𝑢𝑡(𝑠)

𝑉𝑟𝑒𝑓(𝑠)
=

(𝐾𝐷𝑆2+𝐾𝑃𝑆+𝐾𝐼).𝐺.𝑉𝑖𝑛

(𝐿𝐶𝑆2+
𝐿

𝑅
𝑆+1).𝑆+(𝐾𝐷𝑆2+𝐾𝑃𝑆+𝐾𝐼).𝐺.𝑉𝑖𝑛

  (10) 
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Figure 3. A proposed PID controller that it is connected by a gain, G and the plant in a series connection 

 

 

 
 

Figure 4. A block diagram of the plant (DC-DC buck converter) and the PIDG controller  

 

 

The parameter tuning of PIDG controller (KP, KI, and KD) is conducted by taking an equation as stated 

(11) and for G=1 as in (12), thus the values of KP, KI, and KD are given by (13) to (15). The effect of gain, G 

on the settling time and the time to achieve the values of steady state are observed and analyzed on the 

performance of DC-DC buck converter.  

 

(𝐾𝐷𝑆2 + 𝐾𝑃𝑆 + 𝐾𝐼). 𝐺 = 𝐿𝐶𝑆2 +
𝐿

𝑅
𝑆 + 1  (11) 

 

𝐾𝐷𝑆2 + 𝐾𝑃𝑆 + 𝐾𝐼 = 𝐿𝐶𝑆2 +
𝐿

𝑅
𝑆 + 1  (12) 

 

𝐾𝐷 = 𝐿𝐶  (13) 

 

𝐾𝑃 =
𝐿

𝑅
 (14) 

 

𝐾𝐼 = 1  (15) 

 

2.3.  Implementation of PIDG controller on the maximum photovoltaic power point for battery charging 

system using Simulink MATLAB 

Figure 5 shows the implementation of PIDG controller on the maximum photovoltaic power point 

(MPVPP) for battery charging system using Simulink MATLAB. The DC-DC buck converter is created  

Figure 2 with its parameters (duty cycle (D), inductor (L), capacitor (C), and resistor (R) following) are 

calculated and they are filled into each block parameter in Simulink MATLAB (1) to (7). The DC-DC buck 

converter is as MPVPP device that is applied to charge 12 V battery.  

The PV module operates if it obtains the solar irradiance with a certain temperature value. In this case, 

the temperature of 25 °C and solar irradiance of 1000 W/m2 are tested to the PV module, thus it is obtained a 

required output voltage and it is as the input voltage of DC-DC buck converter, thus its output voltage of  

14.7 V and its output power of 150 W are obtained. The output terminal of DC-DC buck converter is connected 

to 12 V battery with its specification is shown in Table 2. The performance of PV module, DC-DC buck 

converter and battery are observed and analyzed.  

The gain, G that it is in the PIDG controller as shown in Figure 5 is observed. The observation is 

based on its required changing to know its effect of the performance of DC-DC buck converter by varying the 

gain, G in the DC-DC buck converter and PIDG controller. The gain, G takes an important action in the overall 

controller system, specially in the settling time and the time to achieve the steady state values of performance 

of DC-DC buck converter, also it plays a role in speeding up the battery charging process or in speeding up the 

state of charge (SOC) of battery.  
 

+

Kp

KI

KD

PID controller

G Plant
VoutdEVref

PIDG controller

G
VoutVref d

PIDG controller
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Figure 5. Implementation of PIDG controller on the MPVPP for battery charging system using MATLAB 

 

 

Table 2. Battery specification 
Parameters Value 

Maximum capacity  7.3 Ah 

Fully charge voltage 13.07 V 
Nominal discharge current 1.4 A 

Internal resistance 0.0171 Ω 

Capacity at nominal voltage 2.171 Ah 

 

 

3. RESULTS AND DISCUSSION 

This section displays and analyzes the results of the simulations of the PV module performance, the 

DC-DC buck converter performance, and the battery performance. The simulations of the PV module 

performance (short circuit current, open circuit voltage, and maximum power) are verified using the electrical 

parameters from the PV module data sheet, the DC-DC buck converter performance is simulated using its input 

voltage, output current, output voltage, and output power, and the battery performance is simulated using its 

input voltage, current, and SOC. 

 

3.1.  Photovoltaic module performance and its validation  

In this part, the electrical properties from the PV module's data sheet under STC conditions are 

validated against the simulation findings. It is predicated on the power-voltage curve and current-voltage curve 

simulation findings, which are displayed in Figures 6(a) and (b), respectively. Table 3 displays the maximum 

power, open circuit voltage, and short circuit current based on the data sheet and simulation results (see  

Table 1). To ensure that the simulation findings are appropriate and applicable to the MPVPP for battery 

charging system, they are checked using the error percentage.  

The simulation findings are validated using the PV module's three electrical parameters (maximum 

power, open circuit voltage, and short circuit current). Table 3 demonstrates that there is no difference in the 

error percentage between the simulation result in Figure 6(a) and the data sheet of short circuit current, 

indicating that there is no difference between the both. Additionally, there is no difference between the 

simulation result and the open circuit voltage data sheet, as shown by the 0% error percentage between the 

simulation result and the data sheet in Figure 6(a). Although the data sheet of maximum power and the 

simulation result in Figure 6(b) have an error percentage of -3.3%, this still means that the error percentage is 

within the permitted range of ±5%. The simulation result's value is less than the data sheet's value, as indicated 

by the negative sign.  
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(a) 

 

 
(b) 

 

Figure 6. The performance of PV module: (a) current-voltage curve and (b) power-voltage curve 

 

 

Table 3. Comparison of simulation results and data sheet of PV module 
Parameters Simulation result Data sheet Error percentage (%) 

Short circuit current 1.3 A 1.3 A 0 
Open circuit voltage  20.64 V 20.64 V 0 

Maximum power 19.95 W 20 W -3.3 

 

 

3.2.  Performance DC-DC buck converter 

Two circumstances are used to observe the DC-DC buck converter's performance: STC conditions 

and different solar irradiation levels. This section examines and evaluates the DC-DC buck converter's input 

voltage, output voltage, output current, and output power in both scenarios. Additionally, the impact of the PID 

controller's gain, G, on the DC-DC buck converter's performance is noted and examined.  

 

3.2.1. Performance DC-DC buck converter under STC condition and variuos solar irradiance 

Figure 7(a) shows the voltage of PV module, it has a transient condition at the initial time, it is around 

61.95 V or around 42.07 V from its steady state value. The transient condition is due to the release of stored 

energy by PV module when connected to the DC-DC buck converter. The transient condition is until the time 

of 0.0137 s and after that a steady state of PV module voltage is reached, it is 19.88 V. The voltage of PV 

module is as the input voltage of DC-DC buck converter to operate it and the battery charging system.  

Figure 7(b) shows the output voltage of the DC-DC buck converter. The DC-DC buck converter is 

designed for the output voltage of 14.7 V. Based on Figure 7(b), the output voltage of DC-DC buck converter 

is 14.7 V, it is similar to its voltage design (its error percentage is 0%) and it indicates that there is no different 

between the output voltage designed and simulation. Also, it indicates that the simulation result of the output 

voltage can be accepted to be applied for charging a 12 V battery.  

When the output voltage and the output power designed are 14.7 V and 150 W, respectively, thus the 

output current is 10.2 A. It is similar to the simulation result of output current of 10.2 A as shown in  

Figure 7(c). Figure 7(d) shows the output power of the DC-DC buck converter. The DC-DC buck converter is 

designed for the output power of 150 W. Based on Figure 7(d), the output power of DC-DC buck converter is 

150 W, its error percentage is 0%. It indicates that the simulation result is same with the output power designed 

and it is acceptable to be applied to charge the battery. Thus, based on Figure 7, (5) to (7) and (13) to (15), the 

electrical parameter results of DC-DC converter are shown in Table 4.  
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(a) (b) 

  

  

(c) (d) 

 

Figure 7. The performance of PV module and DC-DC buck converter: (a) voltage of PV module, (b) output 

voltage of DC-DC buck converter, (c) output current of DC-DC buck converter, and (d) output power of  

DC-DC buck converter 

 

 

Table 4. The electrical parameters of DC-DC buck converter 
Parameters Value 

Inductor, L  0.0046 H 

Capacitor, C 86.77 µF 
Resistor, R 1.44 Ω 

Proportional, KP 0.0032 

Integral, KI  1 
Derivative, KD 4×10-7 

Input voltage, Vin 19.88 V 

Output voltage, Vout 14.7 V 
Output current, Iout 10.20 A 

Output power, Pout 149.9 W 

 

 

Figure 8 shows the output voltage and power of the DC-DC buck converter for changing of solar 

irradiance from 1000 W/m2 to be 300 W/m2 at the time of 2 seconds. The changing of solar irradiance does not 

affect the performance of DC-DC buck converter significantly. The performances of DC-DC buck converter 

are affected at the time of solar irradiance changed, in this condition, a transient condition occurs with a lower 

value, but can be stable to their steady state values, it is due to that the PIDG controller can control the PWM 

signal to drive MOSFET in the circuit of DC-DC buck converter.  
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Figures 8(a) and (b) show the output voltage and power of DC-DC buck converter before and after 

occurring the changing of solar irradiance. The output voltage and power are 14.7 V and 150 W before the 

decreasing of solar irradiance, respectively. When the solar irradiance decreases to be 300 W/m2 at the time of 

2 seconds, thus the output voltage and power decrease to be 12.94 V and 115.3 W, respectively. But this 

condition can be stable back by PIDG controller, thus again the output voltage and power to be 14.7 V and  

150 W, respectively after the decreasing of solar irradiance.  

 

 

  
(a) (b) 

 

Figure 8. The performance of DC-DC buck converter for changing of solar irradiance of 1000 W/m2 to be 

300 W/m2: (a) output voltage and (b) output power 

 

 

3.2.2. Effect of gain, G on the performance of DC-DC buck converter 

The gain, G is a multiplication factor of parameters (KP, KI, and KD) on PIDG controller as shown by 

(11). It is due to the parameters are constant as shown by (13) to (15), thus the multiplication results between 

each parameter and the gain, G is directly proportional to the gain. If the gain, G is higher, thus the 

multiplication result is also higher. In this case, the multiplication result of each parameter does not act to 

control the PWM signal to drive the gate terminal of MOSFET, but it is a submission result of the overall 

multiplication result of each parameter.  

Figure 9 shows the effect of gain, G on the performance of DC-DC buck converter, it is only shown 

the output voltage for analyzes. It is tested for the gain, G=1, 2, 3, and 4 and they give significant effect on the 

time to reach their steady state value of output voltage. The output voltage of 14.7 V is remained in steady 

condition for the different value of gain, G. Only the time to reach the steady state is affected, if the gain, G is 

higher, thus the time to reach the steady state is shorter. It indicates a higher gain, G is better to be given in the 

PIDG controller to achieve the shortest settling time and the time to reach its steady state value of output 

voltage of DC-DC buck converter.  

Figure 10 shows the settling time of the output voltage of DC-DC buck converter. It is plotted as a 

graph of the settling time versus gain, G. The gain, G is varied for the value of 2 to 20 with the range of 2. The 

gain, G gives a significant effect on the settling time of the performance of DC-DC buck converter. The graph 

shows that the higher gain, G, the shorter settling time of output voltage of DC-DC buck converter. 

Table 5 shows settling time comparison without and with gain, G=10. This comparison condition for 

the solar irradiance of 1000 W/m2, 800 W/m2, 600 W/m2, 400 W/m2, and 300 W/m2. Each solar irradiance 

applied in the MPVPP system shows that the gain, G gives a significant effect on the its settling time of the 

output voltage of DC-DC buck converter. The higher solar irradiance, the lower settling time for both without 

and with gain, G, but with gain, G has lower settled time than without gain, G for the same solar irradiance. 

An improvement of settling time obtained for the MPVPP system with gain, G, it contributes an improvement 

of 89.6% for each solar irradiance applied in the MPVPP system. 
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Figure 9. Effect of gain, G on the output voltage of 

DC-DC buck converter 

Figure 10. Settling time versus gain, G for the 

output voltage of DC-DC buck converter 

 

 

Table 5. Settling time comparison without and with gain, G=10 
Solar irradiance 

(W/m2) 

Settling time (second) Improvement 

percentage (%) Without gain, G With gain, G 

1000 0.2083 0.0216 89.6 
800 0.2106 0.0219 89.6 

600 0.2143 0.0222 89.6 

400 0.2229 0.0231 89.6 
300 0.2438 0.0252 89.6 

 

 

3.3.  Battery performance 

The battery performance is observed for the PV module operation with solar irradiance of  

1000 W/m2 and the temperature of 25 °C and for the gain G=20 on the PID controller. The main objective of 

giving a value of gain, G=20 is to obtain the shortest time to reach the steady state condition of DC-DC buck 

converter, thus it gives a good battery performance as shown in Figure 11. The battery performance observed 

are the battery voltage, battery current and SOC. 

Figure 11(a) shows the output voltage of DC-DC buck converter, it is as the battery voltage as shown 

in Figure 11(b). The battery voltage occurs a transient voltage of 15.07 V at the initial time, a small oscillation 

occurs and it can be controlled by PIDG controller to reach its steady state voltage of 14.7 V. The battery 

voltage of 14.7 V is always in stable condition during the charging process. The battery current is -26.51 A 

during the charging process as shown in Figure 11(c). The negative sign indicates that the battery in the 

charging process. 

The SOC of 12 V, 7 Ah battery is 25% of fully charging condition in the charging initial time. The 

SOC can reach 30.43% of fully charging condition for the charging process time of 4 seconds as shown in 

Figure 11(d). The increasing of SOC is 5.43% for 4 seconds or the percentage of SOC needed in 1 second is 

1.36%. The SOC of battery needs 75% to reach its fully charging condition. Thus, the time needed by battery 

to reach its fully charging condition is around 55 seconds.  

The output voltage of DC-DC buck converter occurs an oscillation at the early time when it is 

connected to the battery and before reaching its steady state value of 14.7 V (refer Figures 11(a) and (b)). A 

detail observation of output voltage oscillation is shown in Figure 12 for the time of 0.28 s to 0.5 s with various 

gain, G. The time is chosen because it is near the time of its steady state value, and the main objective of 

observation is to analyze the effect of gain, G on its oscillation or stability in term of its oscillation peak and 

settling time value. It can be stated that the all gain, G applied on the MPVPP system always generate a stable 

system, it means each gain, G reaches its steady state value of 14.7 V. It only affects the oscillation peak and 

settling time value of output voltage. The higher gain, G generates the higher oscillation peak, but the shorter 

settling time and the shorter time to reach its steady state value. Based on the time to reach its steady state, it 

can be stated that the higher gain, G generates a more stable system.  
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(a) (b) 

  

  
(c) (d) 

 

Figure 11. Battery performance: (a) output voltage of DC-DC buck converter, (b) battery voltage, (c) battery 

current, and (d) SOC 
 
 

 
 

Figure 12. Oscillation of output voltage on the DC-DC buck converter for various gain, G 
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4. CONCLUSION 

A DC-DC buck converter is designed for its input voltage, output voltage and power are 20.64 V,  

14.7 V, and 150 W, respectively. The input voltage of DC-DC buck converter is supplied by PV module and 

Its output is connected to 12 V, 7 Ah battery. The switching component of DC-DC buck converter is driven by 

PMW signal that it is controlled by PIDG controller with required values of parameters (proportional, KP, 

integral, KI, and derivative, KD) and gain, G. Some conclusions can be given as stated below.  

The electrical parameters of inductor (L) of 0.0046 H, capacitor (C) of 86.77 µF and resistor (R) of 

1.44 Ω are required to achieve the proposed design of DC-DC buck converter. A PIDG controller with its 

parameters of proportional, KP=0.0032, integral, KI=1, and derivative, KD=4×10-7 are suitable to control the 

PWM signal that it drives the switching component of DC-DC buck converter. For this condition, the output 

voltage of 14.7 V can be remained throughout the operation of DC-DC buck converter.  

The effect of gain, G on the performance of DC-DC buck converter is also observed and analyzed. It 

gives significant effect on the time to reach their steady state value of output voltage. The output voltage of 

14.7 V is remained in steady condition for the different value of gain, G. Only the time to reach the steady state 

is affected, if the gain, G is higher, thus the time to reach the steady state is shorter. It indicates a higher gain, 

G is better to be given in the PIDG controller to achieve the shortest settling time and the shortest time to reach 

its steady state value of output voltage of DC-DC buck converter.  

The DC-DC buck converter is applied to charge 12 V, 7 Ah battery. The initial condition of battery 

SOC is 25%, it can increase to be 30.43% for charging in the time of 4 seconds. If the battery needs 75% to 

reach its full charging condition. Thus, it needs arround 55 seconds to reach the fully charging condition.  
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