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Abstract. The growth of public awareness of the environment is directly proportional to the development of the 
use of electric cars. Electric cars operate by consuming electrical energy from battery storage, which must be 

recharged periodically at the charging station. Solar panels are one source of energy that is environmentally 

friendly and has the potential to be applied to charging stations. The use of solar panels causes the charging station 

to no longer depend on conventional electricity networks, which the majority of it still use fossil fuel power plants. 

Solar panels have a problem that is not optimal electrical power output so that it has the potential to affect the 

charging parameters of the battery charging station. Adaptive Velocity-Particle Swarm Optimization (AV-PSO) 

is an artificial intelligence type MPPT optimization algorithm that can solve the problem of solar panel power 

optimization. This study also uses the Coulomb Counting method as a battery capacity estimator. The results 

showed that the average sensor accuracy is more than 91% with a DC-DC SEPIC converter which has an 

efficiency of 69.54%. In general, the proposed charging station system has been proven capable to enhance the 

energy security by optimizing the output power of solar panels up to 22.30% more than using conventional 
systems.   
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1. Introduction 

 

The growth of the human population has contributed to the high demand for world electricity supply. 
This increases the number of power generation needs in each country. In fact, electricity consumption 

is expected to increase by 130% by 2050 or by 55,000 TWh (IRENA, 2019). There are several types of 

power plants, including fossil fuel power plants and renewable energy power plants. Fossil energy 
power plants are economical and the most widely used power plants in the world, but there are 

shortcomings of these plants, one of which is the creation of waste substances in the form of radical 

pollution to the ground and into the air (Hankins, 2010). The amount of fossil energy power plants uses 
coal fuel by 27%, natural gas by 24%, and oil by 34% (IRENA, 2019). The pollutant raises several 

problems that have the potential to make environmental quality worse. Based on these problems, 

renewable energy power generation systems that are more environmentally friendly have been 

developed. 
 

One type of renewable energy power plant is solar or photovoltaic panels. The solar panel system works 

by converting solar radiation to the results of DC electrical energy. Solar panels can be installed in 
almost any place, including locations that are close to the electricity load because of the ease of 
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installation and use. Applications of solar panels have now been developed for charging stations (Gong 
et al., 2017). Charging stations are currently being built along with developments in the use of electric 

cars. The charging station is used as a place to recharge electric car batteries. There are several 

weaknesses of solar panels in their application, one of which is the intermittency of solar radiation 

conversion, especially at night (Arun & Mohanrajan, 2019). Solar panels do not generate electricity at 
night so the installation of solar panels is equipped with batteries. The battery is one of the electrical 

components that can be used to store electricity. The battery must get an electric power supply that 

matches its characteristics so that the life-span of the battery can increase during charging conditions. 
Solar panels require a converter or Solar Charge Controller (SCC) to control the electrical power output 

in generating electricity for load requirements. In addition to using SCC, research on the improvement 

of charging station performance also includes the use of Internet of Things (IOT) (Akila et al., 2019), 
charging mode (Pavkovic et al., 2014), and the concept of fast charging (Moeini & Wang, 2018). 

 

SCC in general functions to regulate the output of electric power from solar panels to the battery, and 

one of these functions is Maximum Power Point Tracking (Mohammad et al., 2019). MPPT is a method 
used to optimize solar panel power output. MPPT requires an algorithm to be able to work in finding 

the most optimal solar panel output power (Suyanto et al., 2019). MPPT in SCC in general only uses a 

simple P&O type algorithm which in some cases has some weaknesses, such as the non-optimal value 
of the electrical power output of the solar panel and low tracking accuracy when partial shading occurs. 

Various artificial intelligence-based MPPT algorithms have been developed, one of which is the 

Adaptive Velocity Particle Swarm Optimization (AVPSO) algorithm. The AVPSO algorithm is a 
development of the PSO algorithm. The PSO algorithm is used to get a good equalization function in 

finding MPP values but the PSO algorithm has some disadvantages including acceleration 

characteristics, weight updates, and the absence of particle sorting in each iteration (Pragallapati et al., 

2017). The AV-PSO algorithm has been proven to be able to track solar panel output power to the 
maximum and be able to solve partial shading problems with accurate tracking. Based on these 

problems, a hardware-based study is proposed with the title "Improving Solar Panel Performance Using 

the Adaptive Velocity-Particle Swarm Optimization Algorithm (AV-PSO) On Charging Station as an 
Effort for Energy Security". In this study, the independent variable used is solar irradiance level and 

duty cycle value, while the dependent variable is solar panel output power. Research has been done, 

and from the tests that have been done, AVPSO has worked well and can optimize the electrical power 

output in accordance with power tracking by using the duty cycle settings manually. In the end, AVPSO 
is an algorithm that can be used to optimize electrical power output at a charging station. 

 

2. Methods 

 

2.1 Design Charging Station 

 
A charging station is a place used to charge electricity to a load. The charging station proposed in this 

study is to facilitate the presence of electric vehicles in charging, as shown in Figure 1. The charging 

station is designed using several components, namely solar panels, DC to DC SEPIC converters, and 

batteries. The algorithm used is in the form of AV-PSO as the MPPT algorithm and coulomb counting 
as a method of calculating battery capacity. The solar panel used has a capacity of 50 Wp with 

polycrystalline type, DC to DC SEPIC converter with a capacity of 100 W, and a battery with a capacity 

of 9 Ah with a terminal voltage of 12 volts. 
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Figure 1. Charging station design. 

 

2.2 Solar panel and Maximum Power Point Tracking 
 

Solar panels are power plants that can produce electrical energy from the conversion of solar irradiation. 

Several main factors can affect the solar panel power output such as, the type of converter used, the 
electrical load being installed, the value of solar irradiation that illuminates the surface of the panel, and 

the temperature of the environment where the solar panel is installed (Gurfude & Kulkarni, 2020). An 

important factor that can provide an important influence on the output of solar panel power is the result 
of the performance of the MPPT algorithm used. Solar panels emit electrical power with a certain 

pattern. The output power pattern can be represented on power to the voltage curve. Characteristic 

curves are used to determine the state of the peak point or MPP of the solar panel (Kumar, 2017). When 

the solar panel system has reached the peak point of the curve, it can be ascertained if the power output 
has been at its optimum point.  

 

The Maximum Power Point Tracking (MPPT) method is one of the methods that actively work in 
finding the MPP conditions on the characteristic curve slope. When the solar panel system is in the 

MPP condition, the solar panel will also produce the most optimal power output. MPPT works using an 

algorithm as a control system. The control algorithm can do tracking by tracking the value of the voltage 

and electric current produced by solar panels which will then be calculated into power (watts). MPPT, 
through an optimization algorithm, will try to find the best value of power production from solar panels 

by changing the duty cycle value of the power converter. Changing the value of the right duty cycle on 

the power converter will make solar panels produce the most optimal electric power. MPPT will actively 
track the value of the duty cycle until the MPP value is obtained from the solar panel. The performance 

of MPPT can be determined from the quality of solar panel power output which can be assessed based 

on the accuracy and speed of MPPT in finding MPP. The combination of accuracy and good tracking 
speed will have a positive impact on the increasing value of the quality of the solar panel power and the 

overall quality of the solar panel system. 

 

2.3 Adaptive Velocity-Particle Swarm Optimization 
 

Particle Swarm Optimization (PSO) is one of the control methods that can be classified as a meta-

heuristic search algorithm that can be applied to quite diverse cases (Pragallapati et al., 2017). This 
algorithm adopts the behavior or natural characteristics of flocks of birds (particles). PSO is generally 

used to solve optimization problems in a specific area, by finding the best solution in that area. Several 

studies have conducted experiments using PSO in the MPPT case. The results show that if PSO manages 
to find the location of the MPP on the power characteristic curve of the voltage of the solar panel, the 

PSO has weaknesses, especially in some cases, for example, if used in the case of partial shading (non-

uniform irradiation condition or NUIC).  

 
Modifications are needed because of the characteristics and general PSO performance to solve the 

problem. Adaptive Velocity-Particle Swarm Optimization (AV-PSO) is an algorithm modified by 

conventional PSO. The modification of AV-PSO in the structure of the PSO algorithm is in the form of 
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the magnitude and direction of the particle velocity vector. Changes were made to the weight factor and 
cognitive factor values. The existence of modifications to the weighting factor and cognitive factor 

algorithm, the particles will have a direction towards an optimal solution with rapid convergence. AV-

PSO optimization flowchart is shown in Figure 2. 

 
In addition, in this study, a comparative data is presented as Table 1, where the performance of AV-

PSO shows that the algorithm can track without being trapped under local minima conditions, with 

variable parameter levels that are adaptive to irradiation changes, compared to some algorithms like 
conventional Particle Swarm Optimization, hybrid PSO, and several other types of optimization 

algorithms. In addition, this study also presented comparative data on the performance of the AVPSO 

algorithm with conventional PSO in the case of 4 peaks due to partial shading, where the AVPSO 
algorithm was able to optimize solar panel power output up to 99.62% superior to conventional PSO 

which was 99.56%. This is intended if the AV-PSO algorithm can be used in tracking maximum power 

points both in ideal conditions and when solar panels are covered by shadows. 

 
Table 1. Performance comparison results between AVPSO and other algorithms (Pragallapati et al.,  

 2017). 

GMPPT Method 

No. of 
parameters 

required to be 

set manually 

Do the particles 

get trapped at 

local minima? 

Are the 

parameters1 

adaptive? 

PV voltage 
variations 

during searching 

process? 

Conventional 
PSO 

3 Frequently No Present 

PSO with 

linearly varying 

parameter 

3 Under some 

NUIC patterns 

Limited 

adaptivity 

Present 

(depends on 

Kmax) 

Deterministic 

PSO 

1 (wi) Under some 

NUIC patterns 

No Present 

Hybrid PSO 3 Frequently No Present 

Non-PSO 
method, 

Simulated 

Annealing 

1 Under some 
NUIC patterns 

No Present  
(Drastic 

variations in PV 

voltage) 

Firefly 
algorithm 

2 - No Present 

Artificial bee 

colony 

2 - No Present 

Proposed 

AVPSO 

1 (c1) Never Yes Smoothening 

variations in PV 

voltage 

Grey Wolf 1 - No Present 

 

2.4 State Of Charge (SOC) – (Coulomb Counting) 

 

State of Charge (SOC) is a benchmark for the value of battery capacity (He & Guo, 2019; Tairov & 
Stevanatto, 2011). SOC values are in the range of 0-100% which indicates the range of battery capacity. 

SOC is mathematically the ratio of the capacity at time t (Qt) compared to the nominal capacity of the 

battery (Qn). The SOC equation is displayed in equation (1).  
 

𝑆𝑂𝐶(𝑡) =
𝑄𝑡

𝑄𝑛
 (1) 

 

SOC, in general, cannot be measured directly, so it requires an estimation method. The method used in 

this study is Coulomb Counting. Coulomb Counting is a method of estimating offline SOC by 
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measuring the outflow or entry every hour. The SOC calculation equation with the Coulomb Counting 
method is shown in equation (2). 

 

𝑆𝑂𝐶(𝑡) = 𝑆𝑂𝐶(𝑡0) −
1

𝐴ℎ
∫ 𝑖(𝑡)𝑑𝑡
𝑡

𝑡0
 (2) 

 
SOC(t) is the value of the current state of the battery charge, SOC(t0) is the value of the initial state of 

the battery charge with negative polarity (-) indicating if the battery is in a state of discharging and 

positive (+) indicates if the battery is charging, i(t) is the value of the current that goes out or goes in 
every hour and Ah is the total battery capacity according to the datasheet. The graph of the battery SOC 

can be seen in Figure 3. 

 

 
Figure 2. AV-PSO flowchart. 
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Figure 3. Battery charging graph. 

 

2.5 DC-DC Converter Tipe SEPIC 

 
SEPIC converter is a type of DC to DC converter that functions to change an input voltage rating to the 

output in a DC electrical system. DC to DC converter works by using the principle of electrical 

switching. The entire switching process is controlled based on the value of the duty cycle used. The 

duty cycle value can be determined through a pulse width modulation (PWM) signal from the 
microcontroller. The SEPIC converter in this study is used to convert the voltage from the solar panel 

as a converter input, to the battery voltage as output (Ilayaraja & Narmadha, 2016; P & Kumar, 2017). 

The voltage of the solar panel has a higher value than the battery terminal voltage so that the SEPIC 
converter will convert the higher input voltage to a lower output voltage. Besides, the intermittency of 

solar panels does not rule out the possibility that the solar panel voltage is lower than the battery voltage. 

This will make the converter have to increase the output voltage to the input voltage. There are several 
components used to design the SEPIC converter including two inductors (L1,2), two capacitors (C1,2), 

and a resistor (R). The SEPIC converter circuit parameters used were L1 of 183 μH,  L2 of 183 μH, C1 

of 4.33 mF, C2 of 2.736 mF, R of 5.6 Ω and frequency F of 40 kHz. The results of the SEPIC converter 

circuit hardware are shown in Figure 4. 

 

Figure 4. Results of SEPIC converter circuit hardware. 
 

3. Result and Discussion 

 

The test is carried out on several components that make up the overall system so that the performance 
of the system can be known and compared with the reference used. Analysis of work efficiency on each 

component is very important, because large or small values will be the main reference in the next 

process.   
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3.1 Characterization of Sensor 
 

The main sensors used in the system are the voltage sensor and the current sensor. The voltage sensor 

is used to determine the voltage value on the input and output side of the power converter. The voltage 

sensor plays an active role in determining the MPPT position in real-time. This device uses the principle 
of a voltage divider that is designed to divide the reference voltage with the input voltage as an Analog 

to Digital Converter (ADC) microcontroller voltage. Input and output voltage sensors will divide 

(decrease) the maximum reference voltage of 21 V, to the maximum ADC voltage of 3.3 V. The 
characterization of the two voltage sensors can be illustrated through the linearity and error graph in 

Figure 5. A multimeter is a measuring tool used as a standard reading (calibrator) on the measurement 

of input and output voltages. The voltage value is obtained from the reading of the voltage divider 
circuit, while the electrical current value of the system is obtained from the reading of the current sensor 

module. The sensor module used is ACS712 with a current capacity of 20 A.  
 

Linearity equations for sensor input voltage, output voltage, input current, output current are shown in 
equation (3)-(6). 

 

𝑉̂𝑖 = 0.9796𝑉𝑠 − 0.0238    (3) 

𝑉̂𝑜 = 0.9402𝑉𝑠 + 0.1568   (4) 

𝐼𝑖 = 0.9912𝐼𝑠 + 0.0007    (5) 

𝐼𝑜 = 0.9793𝐼𝑠 + 0.0256   (6) 

 

Vs is the voltage source, Is is the source current, 𝑉̂𝑖 is the linearity input voltage, 𝑉̂𝑜 is the linearity output 

voltage, 𝐼𝑖 is the current linearity input, and 𝐼𝑜is the linearity current output. Maximum error for the 

sensor input voltage is 1.60 V and the sensor output voltage is 2.70 V. Maximum error for sensor input 
current is 0.25 V and sensor output current is 0.30 V. Sensor input voltage accuracy is 94.05% and the 

sensor output voltage is 91.94% while accuracy sensor input current at 97.2% and sensor output current 

at 97.7%. 

 
 

Figure 5. Graph of sensor characterization (a) input voltage, (b) output voltage, (c) input current, (d) output  

 current. 

 

3.2 Characterization of SEPIC Converter 

 
The characterization of the SEPIC converter uses a 7 V with a resistor of 8.1 Ω. SEPIC characterization 

converts output voltage, output current, output power, and efficiency to changes in duty cycles. The 
graph of the SEPIC characterization results of the converter is tried in Figure 6. 

 

a b 

c d 
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Figure 6. Graph of SEPIC converter characterization results (a) output voltage, (b) current output,  

 (c) output power, (d) efficiency of duty cycle, and (e) comparative measured and analytic 

output voltage to the duty cycle. 

 
Figure 6 shows the increase in the value of the duty cycle will increase the value of the voltage, current, 

and output power of the SEPIC converter. This is consistent with the tendency of the calculation results 

(Hart, 2011). The efficiency value refers to the maximum efficiency of 69.54% when the duty cycle is 
worth 55%. The low-efficiency value is due to the capacity of the SEPIC converter used at 100 W, 

while the SEPIC converter testing uses solar panels with a capacity of 50 W. There is a difference 

between the measured output voltage and the calculated output voltage. The biggest error of 4.00 V 
which occurred at 75% duty cycle. 

 

3.3 Results of Maximum Power Point Tracking with the AV-PSO Algorithm 

 
Characterization of solar panels using solar irradiance variations with values of 400, 600, 800, and 1,000 

W/m2. Each variation is given a duty cycle value in the range of 10-70% with an interval of 2% to get 

power input. A graph of the relationship between the input voltage and solar panel power input with 
variations of solar irradiation in Figure 7.  

 

 
Figure 7. Graph of the relationship between input voltage with (a) current input and (b) solar panel  
 power input with solar irradiance variations.  
 

Figure 7 shows the maximum input power value of 15.89 W for solar irradiance of 400 W/m2, 24.83 W 

for solar irradiance of 600 W/m2, 33.33 W for solar irradiance of 800 W/m2, and 39.91 W for solar 

a b 

b a c 

d e 
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irradiance of 1,000 W/m2. This shows that solar panels have a maximum power point in each solar 
irradiance value. Tracking the maximum power point value can be determined automatically via the 

AV-PSO algorithm. The MPPT system on solar panels can increase input power by an average of 

22.30%. The results of maximum power point tracking with the AV-PSO algorithm are shown in Table 

2. 
 

Table 2. Results of maximum power point tracking with the AV-PSO algorithm. 

 

Solar Irradiance 

(W/m2) 

MPPT System Conventional System 
Increased Power 

Solar Panel (%) 
Duty Cycle 

(%) 

Power Input 

(W) 

Power Input 

(W) 

400 33.8 16.81 13.67 18.68 
600 39.0 25.13 18.62 25.91 

800 42.0 33.50 25.99 22.42 

1,000 44.6 41.03 31.93 22.18 

 
3.4 Results of Charging Performance  

 

The system is tested in integration or together after it is known if each component has been able to work 
partially. The battery is charged for 220 minutes with changes in current and voltage parameters 

according to the charging chart in Figure 8.   

 
Figure 8. Graph of charging system test results. 

 

4. Conclusion 

 
The test results show that the constituent elements of the charging station have worked well. The sensor 

system has worked and has an accuracy above 91%. The DC to DC SEPIC converter has been partially 

tested and integrated with good efficiency. In total, the system has worked well and proven to be able 

to increase the output power of solar panels up to 22.30% compared to conventional systems. Changes 
in solar irradiance will result in changes in the output power of solar panels, the greater the value of 

solar irradiance, the greater the output power of solar panels. Solar irradiance variations given are 400, 

600, 800, 1,000 W/m2. Increased solar panel power generated by 18.68%, 25.91%, 22.42%, and 22.18% 
with solar irradiance kneeling in a row of 400, 600, 800, 1,000 W/m2. The increase in solar panel power 

is between 18.68 - 25.91%. So, it can be concluded if the proposed charging station system can enhance 

the possibility of energy security more than the conventional charging station system. 
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