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Abstract. A Power Conditioning System (PCS) for a PV power generation 

system obtains the maximum power from a photovoltaic (PV) array by 

Maximum Power Point Tracking (MPPT), but losses in the inverter are a 

factor in lowering the power obtained by the MPPT. The generation of 

harmonic currents is also a problem for PCS. This paper proposes the 

application of the Peak Current Control Switching (PCCS) method in PCS 

for PV Generation System using a half bridge inverter. The half bridge 

inverter improves efficiency by reducing the number of switching elements 

and further suppresses harmonic currents by controlling them using the 

PCCS method. In this paper, a comparative simulation of the conventional 

Hysteresis Current Control (HCC) method and the proposed PCCS method 

is performed using a half bridge inverter. The results of harmonic analysis 

and comparative simulation of total harmonic distortion (THD) show that 

the PCCS method generates harmonic components near the switching 

frequency, and that the proposed PCCS method always has a lower 

distortion rate than the conventional HCC method.  

1 Introduction 

In recent years, research on renewable energy has been active due to the problems of energy 

resource depletion and global warming caused by carbon dioxide emissions. Photovoltaic 

(PV) generation system directly converts solar energy into electrical energy without emitting 

any carbon dioxide and toxic substances, and PV arrays are widely used for power sources 

these days[1]-[2]. 

A Power Conditioning System (PCS) for PV generation system converts Direct Current 

(DC) power obtained from PV arrays into Alternating Current (AC) power. The switching 

elements used at that time incur losses due to slight ON resistance and switching losses. The 

PCS obtains the maximum power from a PV array by Maximum Power Point Tracking 

(MPPT), but losses in the inverter are a factor in lowering the power obtained by the MPPT. 

In addition to the above problems, the generation of harmonic currents is also a problem for 

PCSs for PV power generation. Harmonic currents can cause overheating and overvoltage in 

electrical equipment, noise and image distortion in communication equipment, and there is a 

strong need to reduce harmonic currents, for example by setting guidelines for harmonic 

suppression measures[3]. 
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Various methods have been studied to reduce these harmonic problems[4]-[11]. Of these, the 

Hysteresis Current Control (HCC) method is the most frequently studied. The advantages of 

this method are its simplicity of execution and fast response time. However, it has the 

disadvantage that the switching frequency varies over a wide range, making filter design 

difficult. To solve this problem, the authors have previously proposed a peak current control 

switching (PCCS) method using a full-bridge inverter[12]. This method minimizes the 

difference between the input peak current and the reference current at a constant switching 

frequency, reducing harmonic currents and limiting the frequency of the generated harmonic 

currents.  

Therefore, this paper proposes to apply the PCCS method to a photovoltaic system with 

a half bridge inverter in order to improve efficiency and to suppress harmonic currents and 

limit frequency. Comparative simulations between the conventional HCC method and the 

proposed PCCS method show that the PCCS method is effective for half bridge inverters. 

2 Conventional circuit configuration  

Figure 1 shows the circuit configuration of a conventional PCS. The output of a solar array 

changes its maximum power point with changes in solar radiation intensity and panel surface 

temperature. Therefore, by using MPPT control with the DC-DC converter, it is always 

operated at the maximum power point. S0-S4 represent switching elements, VD is the input 

DC voltage, VN is the grid voltage, and IN is the grid current. The current direction is shown 

here with respect to the grid power supply, so that the grid voltage and grid current are in 

opposite phases during reverse power flow. The conventional circuit, a full-bridge inverter, 

uses four switching elements, and losses due to slight ON resistance and switching losses are 

generated by the switching elements. Thus, the power obtained from the inverter will be 

decreased by these switching elements. 

 

Fig. 1. Circuit configuration of conventional PCS 

3 Proposal of a new circuit configuration 

Figure 2 shows the circuit configuration of the proposed system. The conventional single-

phase full-bridge inverter uses four switching elements, whereas the half bridge inverter used 

here uses two switching elements, reducing the number of components.  
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Fig. 2. Circuit configuration of the proposed PCS 

Assuming that mode 1 is when S1 is off and mode 2 when S2 is off, the circuit equation 

can be expressed by the following equations.  

 

mode 1)                           mode 2) 

{
  
 

  
 𝑑𝐼𝑁
𝑑𝑡

=
𝑉𝑁 +

𝑞2
𝐶2

𝐿𝑁
 

𝑑𝑞1
𝑑𝑡

= −𝐼𝐼𝑁    

𝑑𝑞2
𝑑𝑡

= −𝐼𝑁 − 𝐼𝐼𝑁

          

{
  
 

  
 𝑑𝐼𝑁
𝑑𝑡

=
𝑉𝑁 −

𝑞1
𝐶1

𝐿𝑁
𝑑𝑞1
𝑑𝑡

= 𝐼𝑁 − 𝐼𝐼𝑁

𝑑𝑞2
𝑑𝑡

= −𝐼𝐼𝑁  

 

 

The current value rises in mode 1 and falls in mode 2. By periodically switching between 

mode 1 and mode 2, DC power is converted to AC power. 

4 Basic concept of PCCS method 

Figure 3 shows a conceptual waveform diagram of the PCCS method in reverse current flow 

operation. The blue dashed line represents the reference current INref. The current value rises 

in mode 1 and falls in mode 2. The ratio m is determined by obtaining the values of input 

voltage VD, reference current INref, and grid voltage VN at each switching cycle TS and 

minimizing the square of the error (IN1-INref) and (IN2-INref). The equation for the ratio m is 

given below.  

 

𝑚 =
𝛼𝛽 + 𝛾𝛿

𝛽2 + 𝛿2
 (0 ≤ 𝑚 ≤ 1.0) 

where 

𝛼 = 𝐼𝑁𝑟𝑒𝑓 − 𝐼𝑁0,   𝛽 =
𝑉𝐷1 + 𝑉𝑁
𝐿𝑁

𝑇𝑆,   𝛾 = 𝛼 +
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(4.1) 

(4.2) 
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Fig. 3. Waveform conceptual diagram of PCCS 

This allows switching at a constant switching frequency.  

5 Simulation results 

In this section, a comparative simulation between the conventional HCC method and the 

proposed PCCS method is performed to confirm the effectiveness of the PCCS method using 

a half bridge inverter. 

5.1 Simulation conditions of the proposed method 

Figure 4 shows a control system diagram of the PCCS method for simulation. Where, the PV 

side including the DC-DC converter is assumed to be the current source IN, and IGBTs are 

used as switches in this simulation. The input voltage VD (VD1+VD2) is adjusted with the input 

reference voltage VDref and the power factor 1 is executed. The error between VDref and VD is 

amplified by a PI controller and multiplied by a signal proportional to the grid voltage VN to 

synchronize the phase and generate a reference current INref. The error between the measured 

IN and the reference current INref is controlled through PCCS and the ratio m is obtained by 

calculation. The output of the PCCS is compared to the carrier wave to generate a PWM 

signal. 

(a) Current 

waveform 

(b) Mode 

Transition 
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Fig. 4. Control system diagram of the PCCS method 

Table 1 shows the circuit conditions. Comparative simulations of the HCC and PCCS 

methods are performed with the maximum frequency of the conventional HCC method and 

the switching frequency of the proposed PCCS method set at 20 kHz, and with two input 

power levels of 2 kW and 4 kW. 

Table 1. Circuit conditions 

Input power P 2kW/4kW 

Input current IIN 2.5A/5A 

Input reference voltage VDref 800V 

Grid voltage VN 200V(rms) 

Power supply frequency f 50Hz 

Switching frequency fS 20kHz 

Grid inductance LN 1.8mH 

Capacitance C1, C2 50mF 

5.2 Simulation using MATLAB/Simulink  

Simulation was performed using MATLAB/Simulink with the control system diagram in 

Figure 4. Figure 5 shows the Simulink model for the PCCS method. The model in Figure 5 

was calculated using equation (4.1), where Alpha, Beta, Gamma, and Delta were calculated 

using equation (4.2). 
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Fig. 5. Simulink model of PCCS method 

5.3 Results  

Figures 6 and 7 show the waveforms of IN, VN, and VD1 at steady state when simulations are 

performed using the HCC and PCCS methods. From these figures, it was confirmed that the 

IN formed a sinusoidal waveform and that reverse power flow was taking place. It can also 

be seen that the PCCS method suppresses the ripple of the grid current IN more than the HCC 

method. 

 
(a) Input power = 2kW                                        (b) Input power = 4kW 

Fig. 6. Waveforms of HCC in steady state (conventional) 

𝑉𝐷1 
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(a) Input power = 2kW                                        (b) Input power = 4kW 

Fig. 7. Waveforms of PCCS in steady state (proposed) 

6 Spectrum 

Harmonic analysis was performed for the current waveforms of the HCC and PCCS methods 

at an input power of 5 kW under the same conditions as in Table 1. Figure 8 shows the 

normalized harmonic currents; Figure (a) shows the spectrum of the HCC method and Figure 

(b) shows the spectrum of the PCCS method. These figures show that the HCC method 

generates harmonic components over a wide range, while the PCCS method generates 

harmonic components near the switching frequency. This result indicates that the frequency 

of the generated harmonic currents can be limited by applying the PCCS method. 

 
(a) Spectrum of HCC (conventional)              (b) Spectrum of PCCS (proposed) 

Fig. 8. Normalized harmonic currents 

7 Total harmonic distortion 

Comparison of the total harmonic distortion THD was performed with the same maximum 

frequency of the conventional HCC method and the switching frequency of the proposed 

PCCS method. Figure 9 shows a comparison of the total harmonic distortion THD between 

the conventional and proposed methods at switching frequencies from 10 kHz to 50 kHz. 
The values in the graph are calculated from equation (7.1) shown below the figure. The figure 

shows that the total harmonic distortion of the PCCS method is always below that of the HCC 

method at switching frequencies between 10 kHz and 50 kHz. Therefore, the experimental 

results show that harmonic currents can be suppressed by applying the PCCS method. 

𝑉𝐷1 

𝑉𝑁 𝐼𝑁 
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𝑉𝑁 
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Fig. 9. Total harmonic distortion for PCCS and HCC methods 

THD =
√𝐼2

2 + 𝐼3
2 + 𝐼4

2 + 𝐼5
2 +  ∙∙∙∙∙∙  +𝐼𝑛

2

𝐼1
× 100[%] 

I1 : RMS value of fundamental current [A] 

In : RMS value of the nth harmonic current of the grid current IN [A]  

8 Conclusions 

This paper proposed the application of the PCCS method in power conditioner for PV 

Generation System using a half bridge inverter. The proposed half bridge inverter is 

characterized by its reduced number of components compared to conventional full-bridge 

inverters. Therefore, we performed a comparative simulation of the PCCS and HCC methods 

using a half bridge inverter and obtained the following results. 

 The grid current IN formed a sinusoidal waveform, confirming that reverse power flow 

was occurring. 

 The PCCS method generated harmonic components near the switching frequency. 

These simulation results show that the PCCS method is effective for half bridge inverters. 

Comparison of the total harmonic distortion THD shows that the PCCS method always has 

a distortion ratio about 43% lower than that of the HCC method for switching frequencies 

between 10 kHz and 50 kHz. This experimental result indicates that the proposed PCCS 

method suppresses harmonic currents better than the conventional HCC method. 

In the future, the transient response of a half bridge inverter to which the PCCS method is 

applied will be investigated to demonstrate the effectiveness of the proposed method. 

References 

1. M. Sudo and N. Odake, "The current status and issues for Photovoltaic power generation 

— SME approach," 2010 IEEE Nanotechnology Materials and Devices Conference, 

2010, pp. 241-244, doi: 10.1109/NMDC.2010.5651870. 

2. R. Sivapriyan, D. Elangovan, B. S. Kiran and R. Madan, "Recent Research Trends in 

Solar Photovoltaic Systems," 2020 5th International Conference on Devices, Circuits 

and Systems (ICDCS), 2020, pp. 215-220, doi: 10.1109/ICDCS48716.2020.243584. 

(7.1) 

PCCS 

HCC 

E3S Web of Conferences 379, 03002 (2023) https://doi.org/10.1051/e3sconf/202337903002
ICFEE 2023

 
8



3. Bravo, R. 2018. “Solar PV Power Plants Harmonics Impacts.” In Proceedings of 2018 

IEEE/PES Transmission and Distribution Conference and Exposition. 

4. Park, M., Chi, M., Park, J., Kim, H., Chun, T., and Nho, E. 2010. “LCL-Filter Design 

for Grid-Connected PCS Using Total Harmonic Distortion and Ripple Attenuation 

Factor.” In Proceedings of the 2010 International Power Electronics Conference. 

5. Ito, T., Miyata, H., Taniguchi, M., Aihara, T., Uchiyama, N., and Konishi, H. 2010. 

“Harmonic Current Reduction Control for Grid-Connected PV Generation Systems.” 

Proceedings of the 2010 International Power Electronics Conference. 

6. A. Mesemanolis, D. Pontikidis and C. Demoulias, "A new modulation technique for 

reduced harmonic distortion of current in PV inverters," 2011 IEEE EUROCON - 

International Conference on Computer as a Tool, 2011, pp. 1-4, doi: 

10.1109/EUROCON.2011.5929199. 

7. Park, J., Jeong, H., and Lee, K. 2014. “An Improved DPWM Method for Reduction of 

Resonant Problem in the Inverter.” Presented at 2014 IEEE Energy Conversion 

Congress and Exposition. 

8. Y. Yang, K. Zhou and F. Blaabjerg, "Current Harmonics From Single-Phase Grid-

Connected Inverters—Examination and Suppression," in IEEE Journal of Emerging and 

Selected Topics in Power Electronics, vol. 4, no. 1, pp. 221-233, March 2016, doi: 

10.1109/JESTPE.2015.2504845. 

9. Yeh, Y. K., Chang, G. W., Liu, Y. J., Nguyen, T. K., Chang, Y. R., and Lee, Y. D. 2018. 

“A Study on Control Strategy of PV Inverter for Harmonic Mitigation in a Microgrid.” 

In Proceedings of 2018 IEEE Power & Energy Society General Meeting. 

10. J. k. Sahu, S. Sahu, J. P. Patra, S. K. Maharana and B. Panda, "Harmonics analysis of a 

PV integrated Hysteresis current control inverter connected with grid and without grid," 

2019 International Conference on Smart Systems and Inventive Technology (ICSSIT), 

2019, pp. 1154-1157, doi: 10.1109/ICSSIT46314.2019.8987864. 

11. M. Gowtham, N. Kaviyarasu, R. Dhayanithi, C. Praveen and M. Hariprabhu, 

"Maximum Power Tracking and Harmonic Reduction using Optimized P & O MPPT 

Algorithm," 2022 Second International Conference on Artificial Intelligence and Smart 

Energy (ICAIS), 2022, pp. 1674-1679, doi: 10.1109/ICAIS53314.2022.9743092. 

12. Itako, K., and Fujii, R. 2021. “Transient Characteristics of PCCS Method for PCS in a 

PV Generation System.” In Proceedings of 2021 IEEE 8th International Conference on 

Industrial Engineering and Applications (ICIEA 2021). 

E3S Web of Conferences 379, 03002 (2023) https://doi.org/10.1051/e3sconf/202337903002
ICFEE 2023

 
9




