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Abstract — Photovoltaic is an absolute device in the solar power plant system. A DC-DC converter with a 

maximum power point tracker (MPPT) algorithm is required to obtain the maximum power of photovoltaic. In 

general, solar power plant applications used a two-stage converter: the first stage is boosting DC-DC converter, 

and the second stage is the multilevel Inverter. Boost DC-DC converter is usually implemented singly, which 

causes many boost DC-DC converters to be implemented in a solar power plant application. The voltage doubler 

type boost DC-DC converter proposed in this paper is to simplify the circuit so that there is only one converter in 

a solar power plant application. This converter principle combines two conventional boost converters, which are 

integrated into one so that the power circuit and control circuit form become simpler. This proposal is verified 

through computation simulation and hardware design using the STM32F1038CT microcontroller for the final 

verification. The efficiency algorithm of the simulation is  99.7%, and the hardware experimental is 85.65%. 
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I. INTRODUCTION 

Nowadays, the usage of photovoltaic has increased 

in line with the increased long electrical energy. It is 

caused by increased human population and economic 

growth. Photovoltaic (PV) is a device of converting 

energy from sunlight to electrical energy. It is required 

in the application of the solar power plant. Sun rays' 

intensity affects the photovoltaic power output, which 

the sun rays depend on weather and climate where the 

photovoltaics are. To achieve maximum work of 

power output from photovoltaic is uses a system called 

maximum power point tracker (MPPT) [1],[2]. Some 

algorithms are often used to achieve MPPT, such as 

Ripple Correlation Control (RCC), fractional open 

voltage and fractional short circuit, perturbation and 

observation (P&O), incremental conductance (IC), 

proportional-integral controller, fuzzy logic, and 

neural network. From many algorithms, P&O is 

chosen since it is easier [3],[4]. 

However, photovoltaic produces the DC voltage 

output at a low range and cannot directly support AC 

or DC electrical appliances [5]. Therefore, this 

necessitates a two-stage converter [6]: the first stage is 

maximized with a converter based on algorithm MPPT 

in the boost DC-DC converter. The second is 

converted into AC using a 5-level inverter. Fig.1 is 

shown an example of a 5-level inverter commonly 

used in solar power plants application [7].   
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Fig.1. 5-Level Inverter  

 

Photovoltaic primarily used a conventional boost 

converter to generate a high DC voltage [8]. However, 

conventional boost converter has many drawbacks, 
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such as having a large size because of low-frequency 

operation and conduction losses because of high 

voltage stress on switch [9],[10]. That drawbacks 

make conventional boost converter to be not efficient 

[11],[12]. The system uses two conventional boosts 

DC-DC converter, which causes many boost DC-DC 

converters to be implemented in solar power plant 

application[13]-[15]. To realize an efficient step-up 

converter, the voltage doubler technique can be 

applied. It can reduce the rectifier diode's voltage 

stress; thus, the conduction losses are significantly 

reduced, and the converter efficiency can be improved 

[5]. The boost voltage doubler is suitable for operating 

both power grid or battery [16] and can achieve the 

high range voltage output using simple frequency 

control [17]. 

Boost Voltage Doubler proposed replacing two 

conventional boost DC-DC converters based on the 

MPPT algorithm with the P&O method. Photovoltaic 

is used power source by implementing solar power 

plant application. To generate maximum power, a 

converter based on MPPT is used. Hardware 

implementation uses an STM32F1038CT 

microcontroller. As the first section of this research 

describes the operation mode of the boost voltage 

doubler. The second section describes the boost 

voltage doubler and its integration with MPPT. 

Algorithm programming will be presented in the third 

section. Simulation, implementation, and discussion 

will be presented in the fourth section. 

II. RESEARCH  METHOD  

The solar power plant uses a two-stage converter, 

photovoltaic maximized using a converter based on 

algorithm MPPT into DC, then converted into AC as 

shown in Fig.2. As usual, a DC-DC converter is used 

to increase the low voltage from the solar panel. In 

order to increase efficiency. 

The research method describes the working 

principle of boost voltage doubler, MPPT based on 

the P&O algorithm through flowchart program, and 

STM32F1038CT as a device to control boost voltage 

doubler using P&O algorithm method. 
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Fig.2. Two-Stage Converter 

 

A. Boost Voltage Doubler 

Voltage doubler can be used for step-up voltage 

applications because the output voltage is double the 

input voltage [18],[19]. Boost voltage doubler, in 

principle, is a combination of two boosts DC-DC 

converter as shown in Fig.3. The equivalent circuit of 

boost voltage doubler is consists of a resistor (R) as a 

load, a source voltage (VPV), two switches (S1 and 

S2), two inductors (LI and L2), and two capacitors (C1 

and C2). 
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Fig.3. Topology Boost Voltage Doubler 

 

Boost voltage doubler can be divided into four 

operation modes based on the switching cycle. 

 

Operation Mode 1: Power switches S2 as shown in 

Fig.4(a) and S1 Fig.4(b) are set to ON state. Current 

flows from voltage source VPV and the energy stored 

in L1 and L2, respectively. The inductor voltage for 

L1 and L2 can be expressed as 

𝑉𝐿1 = 𝐿
𝑑𝑖𝐿1

𝑑𝑡
= 𝑉𝑃𝑉 (1) 

 

𝑉𝐿2 = 𝐿
𝑑𝑖𝐿2

𝑑𝑡
= 𝑉𝑃𝑉 (2) 
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Fig.4. Mode Operation 1; (a) S2 ON, (b) S1 ON 

 

Operation Mode 2: As shown in Fig.5, power 

switches S2 Fig.5(a) are set to ON state. So that, 

current flows from voltage source Vs to L1. 
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Meanwhile, S1 Fig.5(b) is in the OFF state, so current 

flows voltage source Vs to L2 through D1 and R, then 

back to source voltage through D2. The inductor 

voltage for L1 and L2 can be express as 

 

𝑉𝐿1 = 𝐿
𝑑𝑖𝐿1

𝑑𝑡
= 𝑉𝑃𝑉 (3) 

𝑉𝐿2 = 𝐿
𝑑𝑖𝐿2

𝑑𝑡
= 𝑉𝑃𝑉 − 𝑉𝐶1 (4) 
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Fig.5. Mode Operation 2; (a) S2 ON, (b) S1 OFF 

 

Operation Mode 3: Power switches S2 as shown in 

Fig.6(a) is set to OFF state. Meanwhile, an S Fig.6(b) 

is set to ON state. The inductor voltage for L1 and L2 

can be expressed as 

 

𝑉𝐿1 = 𝐿
𝑑𝑖𝐿1

𝑑𝑡
= 𝑉𝑃𝑉 − 𝑉𝐶2 (5) 

𝑉𝐿2 = 𝐿
𝑑𝑖𝐿2

𝑑𝑡
= 𝑉𝑃𝑉 (6) 

 

Operation Mode 4: Power switches S2 as shown in 

Fig.7(a) and S1 Fig.7(b) are set to OFF state. Current 

flows from a voltage source (Vs) to load R through 

L1 and L2, then back to Vs through D1 and D2. The 

inductor voltage for L1 and L2 can be expressed as 

 

𝑉𝐿1 = 𝐿
𝑑𝑖𝐿1

𝑑𝑡
= 𝑉𝑃𝑉 − 𝑉𝐶2 (7) 

𝑉𝐿2 = 𝐿
𝑑𝑖𝐿2

𝑑𝑡
= 𝑉𝑃𝑉 − 𝑉𝐶1 (8) 
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Fig.6. Mode Operation 3; (a) S2 OFF, (b) S1 ON 
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Fig.7. Mode Operation 4; (a) S2 OFF, (b) S1 OFF 

 

B. Maximum Power Point Tracker 

Photovoltaic is used to convert sun rays energy 

into electrical based on semiconductor principle. 

Whenever the intensity of sun rays increases, the cell's 

power output will increase too; as shown in Fig.8, 

photovoltaic works by using the maximum 
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performance from the power output cells, stated at the 

maximum point. Besides the sun rays intensity and 

weather condition, the load factor connected to cells 

also affects the maximum power point. 

(Watt)

(Volt)
 

Fig.8. PV Characteristic Curve (P to V) 

 

Perturb and observe (P&O) method as MPPT 

works based on observation of the array of power 

output and the perturbation of the power based on 

increments of the array current or voltage. [20]. The 

reference voltage or current will be continuously 

decrements or increments based on the previous power 

sample value. P&O method is the simplest for its 

simplicity to implement with low cost [21]. 

𝑑𝑃

𝑑𝑡
 is a change in power per minute, 

𝑑𝑉

𝑑𝑡
 is a 

changing voltage per minute. Based on Fig.8. it can be 

seen that 
𝑑𝑃

𝑑𝑡
 is equal 

𝑑𝑉

𝑑𝑡
 so the equation as below could 

be achieved. Therefore maximum power point would 

be achieved. 

𝑑𝑃

𝑑𝑉
= 0 (9) 

Based on Fig.9, boost voltage doubler as a 

converter will be integrated with photovoltaic, which 

uses the MPPT algorithm to propose this research. 

ALGORITHM

MPPT

VOLTAGE

SENSOR

CURRENT

SENSOR

 
Fig.9. Topology MPPT Boost Voltage Doubler 

 

C. Algorithm Programming using STM32F1038CT 

The boost voltage doubler with the P&O MPPT 

algorithm requires one current sensor and voltage 

sensor, see Fig.9. Power is generated from the 

multiplication of current (I) and voltage (V). Delay 

time used to obtain (
𝑑𝑃

𝑑𝑡
) on power and voltage (

𝑑𝑉

𝑑𝑡
). 

After getting  (
𝑑𝑃

𝑑𝑡
) and (

𝑑𝑉

𝑑𝑡
), the equation (9) could be 

derived.  The algorithm of 
𝑑𝑃

𝑑𝑉
 the value should be 

compared with the counter to have a switching gating 

signal for S1 and S2. The counter is assumed to be the 

operator. For detailed information, the boost voltage 

doubler with the P&O MPPT algorithm flowchart is 

shown in Fig.10. The algorithm Fig.10 is implemented 

using an STM32F1038CT microcontroller. 
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Fig.10. Flowchart Program
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III. RESULT 

The boost voltage doubler integrated with MPPT 

was verified by a computation simulation using Power 

Simulator (PSIM) software and prototype in the 

laboratory test. The parameters are given in Table 1. 

Table 1. Simulation Parameter 

Parameters Rating 

PV 60 WP 

Inductor Three mH 

Capacitor 220 uF 

Battery 48 V 

 

The simulation result of power output (Po) of the 

proposed MPPT boost voltage doubler is always 

tracking maximum power (Pi) using photovoltaic 60 

WP, as shown in Fig.11. It means Po on MPPT always 

follows power output on PV (Pi). Moreover, the 

simulation result of output voltage formes the DC 

voltage locked at battery voltage, as shown in Fig.12. 

It means the battery was able to be charged at 48 Volt. 
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Fig.11. Output Power of PV and MPPT 

48

Voltage Output
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Fig.12. Output Voltage of PV and MPPT 

 

Based on the computation simulation result and 

waveform shown in Fig.11, Pi gets a value of 

5.4418959e+001, and Po gets a value of 

5.4303644e+001. Pi and Po's value, algorithm 

efficiency is 99.7%, and the power converter 

algorithm is ideal for 100%. The efficiency is derived 

by the equation: 

 

ƞ =
𝑃𝑜

𝑃𝑖
× 100% (10) 

Where: 

ƞ   = Efficiency 

Po = Power Output (Watt) 

Pi  = Power Input (Watt) 

Hardware implementation was done to ensure the 

system worked adequately using the STM32F1038CT 

microcontroller. MPPT boost voltage doubler, as 

shown in Fig.13, is an implementation that uses a 

battery charger. 

MPPT

MICROCONTROLLER

VOLTAGE

SENSOR

CURRENT

SENSOR

battery

 
Fig.13. Implementation of MPPT Boost Voltage Doubler  

 

On testing the boost voltage doubler hardware 

integrated with MPPT, the EverExceed PV 50 WP is 

used as a laboratory test material. The experimental 

result is shown in Table 2. It found converter and 

algorithm efficiency value. It starts from power input 

on PV (PNP) is obtained by irradiance divided by 1000 

W/m2 which 1000W/m2 is assumed maximum 

irradiance as shown in equation (11). Then power 

nameplate is maximum power on PV in standard test 

condition (STC). Power nameplate is displayed 50WP 

based data on PV. 

 

Pin_PV = 
𝐼𝑟𝑟

1000𝑊/m2
×  𝑃𝑜𝑤𝑒𝑟 𝑁𝑎𝑚𝑒𝑝𝑙𝑎𝑡𝑒 (11) 

 

Where: 

Pin_PV = Power Input on PV (Watt) 

Irr      = Irradiance (W/m2) 

 
Table 2. Experimental Result 

Irr 

(W/m2) 

Pin_PV 

(W) 

Vpv 

(V) 

Ipv 

(A) 

Po_PV 

(W) 

Vbat 

(V) 

Ibat 

(A) 

Pbat 

(W) 

545 27.25 14.53 1.61 23.39 44.15 0.41 18.10 

540 27.00 14.40 1.61 23.18 44.11 0.41 18.09 

535 26.75 13.97 1.63 22.77 44.11 0.41 18.09 

530 26.50 13.89 1.62 22.50 44.09 0.42 18.52 
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Irr 

(W/m2) 

Pin_PV 

(W) 

Vpv 

(V) 

Ipv 

(A) 

Po_PV 

(W) 

Vbat 

(V) 

Ibat 

(A) 

Pbat 

(W) 

565 28.25 15.01 1.60 24.02 44.14 0.39 17.21 

575 28.75 15.13 1.60 24.21 44.21 0.38 16.80 

550 27.50 14.89 1.62 24.12 44.15 0.40 17.66 

555 27.75 14.92 1.62 24.17 44.17 0.41 18.11 

570 28.50 15.10 1.60 24.16 44.20 0.38 16.80 

560 28.00 14.95 1.61 24.07 44.19 0.39 17.23 

average 27.63  23.66  17.66 

efficiency  85.65  74.64 
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Fig.14. Efficiency Graphic 

 

Based on experimental data as shown in Table 2, it 

is found that the average power input on PV input 

(Pin_PV) is 27.73, power output on PV (Po_PV) is 23.66, 

and power output on battery (Pbat) is 17.66. Finally, 

based on equation (10), the efficiency algorithm is 

85.65%, and the converter of boost voltage doubler 

efficiency is 74.64%. Fig.14 shows the comparison 

efficiency between simulation and hardware 

implementation in the laboratory test.  

IV. DISCUSSION 

The principle boost voltage doubler converter 

combines two conventional boosts DC-DC converter. 

To maximize the power of PV, the P&O algorithm is 

integrated with a boost voltage double converter.  

Based on the simulation result using PSIM software 

in ideal condition, the algorithm efficiency is 99.7%, 

and converter efficiency is 100%. Therefore, the 

hardware implementation efficiency of the algorithm 

is 85.65%, and the converter efficiency is 74.64%. It 

was caused at simulation; the irradiance was 1000 

W/m2. Meanwhile, the irradiance is not at the 

maximum point at the hardware implementation 

because several other factors such as wire, inductor, 

sun rays intensity from the photovoltaic, weather, and 

climate conditions are not at the maximum point and 

load shedding [22]. 

Based on the tested result, the boost voltage 

doubler circuit produced two times the conventional 

boost DC-DC converter voltage. Therefore, the boost 

voltage doubler that has been researched can replace 

the conventional boost DC-DC converter at the solar 

power plant application. Moreover, it is more efficient 

in terms of circuit, algorithm, and cost. Future 

research would finally implement a boost voltage 

doubler integrated with the MPPT algorithm to 

combine a five-level inverter for standalone PV 

application and/or grid-tie Inverter for PV application. 

V. CONCLUSION 

In the experimental laboratory results, it is proven 

that voltage doubler can work properly. It is shown 

that the output voltage (Vbat) is capable of producing 

dual voltage from the input voltage. Thus, the voltage 

doubler can replace the conventional boost DC-DC 

converter, which needed many boosts to implement a 

solar power plant application. The MPPT boost 

voltage doubler was generated maximum power 

which is PV power always tracking on MPPT power 

with algorithm efficiency of 99.7%. Moreover, the 

hardware implementation using STM32F1038CT 

microcontroller worked properly with algorithm 

efficiency 85.65% and converter efficiency of 74.64% 
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