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ABSTRACT 

Given their structural arrangement, photovoltaic (PV) modules exhibit parasitic capacitance, 

which creates a path for high-frequency current during zero- state switching of the converter in 

transformerless systems. This current has to be limited to ensure safety and electromagnetic 

compatibility. Many solutions that can minimize or completely avoid this phenomenon are 

available. However, most of these solutions are patented because they rely on specific and often 

complex converter topologies. This study aims to solve this problem by introducing a solution 

based on a classic converter topology with an appropriate modulation technique and passive 

filtering. A single-phase residential PV system that consists of DC-DC Buck-Boost stage and 

DC-AC converter is considered. Control schemes for both converter stages are presented. An 

overview of existing modulation techniques for H-bridge converter is provided, and a 

modification of hybrid modulation is proposed. A system prototype is built for the experimental 

verification. As shown in the study, with simple filtering and proper selection of switching states, 

achieving low leakage current level is possible while maintaining high converter efficiency and 

required energy quality. 
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1. INTRODUCTION 

Renewable energy has been playing an important role to meet power demand and „Green 

Energy‟ market is getting bigger platform all over the world in the last few years. One of these 

resources is a renewable energy which possibly has no harm on the environment in solar energy 

conversation. Nowadays Photovoltaic (PV) generation represents currently one of the most 

promising sources of renewable green energy, acquiring higher efficiency with reduction of size, 

weight and cost a reasons that make transformer-less inverter more appealing compare to ones 

includes transformer especially applications. The environmental and economic benefits, PV 

generation is preferred over other renewable energy sources. Since they are clean, inexhaustible 

and require little maintenance.  

 

X.Guo, has addressed a paper on “A Novel CH5 Inverter for Single-Phase Transformer-less 

Photovoltaic System Applications” [2]. This paper has presented the theoretical analysis and 

experimental test of a novel CH5 inverter with the leakage current reduction for transformer-less 

PV systems. It reveals that the conventional CH4 inverter suffers from the larger leakage current, 

which restricts its application to single-phase transformer-less PV systems. While the proposed 

CH5 inverter can eliminate the high-frequency common mode voltage, and thus leakage current 

can be effectively reduced. Therefore, it is attractive for Transformer-less PV systems. The 

proposed solution has experimentally verified on a single-phase CH5 inverter. 

 

J. F. Ardashir et al has presented a paper on “A Single-Phase Transformer-less Inverter with 

Charge Pump Circuit Concept for Grid- Tied PV Applications” [1]. This paper has proposed to 

generate the negative output voltage in the proposed inverter. This new topology generates a 

three level output voltage by employing unipolar SPWM. The negative terminal of the proposed 

topology is the same as the neutral line in the grid, thus the leakage current is well suppressed 

and the transformer is eliminated. The proposed topology has also the ability to deliver reactive 

power into the grid. A theoretical analysis performed and it is validated by experimental results 

for a grid connected inverter prototype. 

 

N. Kasa presented a paper on “Fly back Inverter Controlled by Sensor less Current MPPT for 

Photovoltaic Power System” [3]. A sensor less current fly back inverter has been proposed, 
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which can be applied to a PV system guided by MPPT operation. To verify the operation of the 

sensor less current fly back inverter, a prototype fly back inverter with center-tapped secondary 

winding is used. However, the novel sensor less method can be applied to any type of fly back 

inverter with fixed switching frequency and DCM operation. The comparison of the tests by the 

fly back inverters with the dc current sensor and without it proves that there is no operational 

difference between them, including the MPPT performance. The novel sensor less method can 

contribute to the space saving and cost reduction of the PV power conditioner from both the 

theoretical and experimental points of views. The experimental data show that the sensor less 

current fly back inverter can be applied to MPPT for the PV small power system with successful 

performance.  

 

2. PROPOSED TOPOLOGY 

To develop the higher efficiency of the photovoltaic cell and reduce the size, Weight, and cost. 

The proposed system can be used to reduce the leakage current of the PV panel, inverter. The 

leakage current through the parasitic capacitance it is form to the PV panel to grounded frame. 

The value of the leakage current depends on factors such as the value of parasitic capacitors. The 

proposed system can be which includes five power switches without body diodes, one flying 

inductor and the output filter. The point of common coupling (PCC) can be seen and, is the point 

that the output of the proposed inverter is connected to the grid.  

Fig. 1. Proposed topology 

 

Usage of IGBts without body diodes in the topology leads the reduction of the elements number 

in the current path, besides the switching losses since the converter operates in (DCM). The 
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flying inductor Lm is used to boost   the   voltage of   Cpv   and   inject the   power   of   the PV 

to   the    load. 

 

The switch S1 always works with high frequency. The converter has 4 operating modes. Two of 

them, modes 1 and 2, occur only in positive half power cycle repeatedly one after each other. 

Other two operating modes occur only in negative half cycle. Generally, the converter‟s 

operation in both half cycle in similar to conventional buck-boost de-dc converter in DCM, 

where the only difference is that the proposed converter works with quasi-sinusoidal duty cycle. 

Like the buck-boost dc-dc converter in both positive and negative half cycles, first the energy is 

stored in the inductor via switches S1 and S3 and then, the stored energy is injected to the grid 

via other switches working in the corresponding positive or the negative half cycle. If should be 

mentioned that as stated above, the converter operates in DCM and when the current increases in 

the mode 1 or mode 3, the current flows only through S1 and S5 in the positive half power cycle 

and also, S4 in the negative half power cycle once in the beginning of the half power cycle, not 

only doesn‟t produce conduction losses but also reduces the switching losses. Eventually, it 

should be mentioned that as can be seen from Fig. 4 there are always two semiconductors in the 

conduction path despite the existence of the other turned-on switches in the circuit. 

3. OPERATING MODES DESCRIPTION 

Based on the fig.2, the converter has four operating mode and every half power cycle is divided 

into N intervals. Each of intervals is divided into two modes in which modes 1 and 2 are in the 

positive half cycle and modes 3 and 4 are in the negative half cycle. In order to reduce the 

switching losses, the switches S2 and S5 in the positive half power cycle and also. 

 

The switches S3 and S4 in the negative half power cycle are turned-on once in the beginning of 

the corresponding half power half power cycles. The switches S1 and S3 are turned-on 

simultaneously to charge the inductor Lm with power extracted from the PV. On the contrary, 

the switches S2, S4 and S5 have an important role in discharge of the Lm inductor and injection 

of its power to the inverter output in the wave from. The output filter, meaning Lf inductor and 

the Cf capacitor are used to suppress the output harmonics. Presents the switching pattern of the 

switches, the output voltage and current of the converter. The switches S2, S4 and S5 operate 

with low frequency. The switch S3 is turned on once in the beginning of the negative half power 

cycle. The switches can ON and OFF simultaneously the mode 1 can be S1 and  S3 switches ON 
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the inductor will charge and mode 2 switches S2 and S5 ON the inductor will discharge it has 

continuously change. The mode of operation 1and 2has operate on first cycle at the time the Cpv 

current equals to the inductor current Lm. 

 

Fig. 2. Switching pattern, output voltage and current waveforms. 

 

The second cycle of operation mode 3 and mode 4 operates. The mode 3 switches S2 and 

S5 ON the inductor Lm is charged. The mode 4 switches ON S3 and S4 the inductor has 

discharge the current through the switches to load it is second half cycle the inverter. The 

positive and negative half cycles to create the sine wave output of the inverter. 
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4. MAXIMUM POWER POINT TRACKING ALGORITHMS 

A For the MPPT of the proposed converter, P&O method is exploited. IPV and VCpv are given to 

the P&O MPP tracker which obtains Pmax and vmpp. Pmax is the maximum power which can be 

extracted from the PV array and vmpp is the corresponding voltage of the maximum power point.  

4.1 Perturb & Observe Algorithm 

The advantages of this technique that is really simple to implement, even in simulation also don‟t 

have problems to do it. For P&O method, the only thing need is measure current and voltage 

from the PV cell and process this information in microcontroller. The main advantage of P&O 

algorithm is simple structure and ease of implementation, with both stands alone and grid 

connected system, MPP Tracking can be done with very high efficiency. But it has limitations 

that reduce efficiency of MPPT. 

 

The Perturb & Observe algorithm states that when the operating voltage of the PV panel is 

perturbed by a small increment, if the resulting change in power _P is positive, then we are going 

in the direction of MPP and we keep on perturbing in the same direction. If _P is negative, we 

are going away from the direction of MPP and the sign of perturbation supplied has to be 

changed. 

 

It perturbs the operating point of the system causing the PV array terminal voltage to fluctuate 

around the MPP voltage even if the solar irradiance and the cell temperature are constants. A 

slight perturbation is introduced in this algorithm. The perturbation causes the power of the solar 

module to change continuously. If the power increases due to the perturbation then the 

perturbation is continued in the same direction. The power at the next instant decreases after the 

peak power is reached, and after that the perturbation reverses.  

 

The plot of module output power versus module voltage for a solar panel at a given irradiation. 

The point marked as MPP is the Maximum Power Point, the theoretical maximum output 

obtainable from the PV panel. As shown in the figure, the point A is on the left hand side of the 

MPP. Therefore, we can move towards the MPP by providing a positive perturbation to the 

voltage. On the other hand, point B is on the right hand side of the MPP. When we give a 

positive perturbation, the value of _P becomes negative, thus it is imperative to change the 
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direction of perturbation to achieve MPP.  

 

4.2 Flow chart 

 

Fig. 3.MPPT controller. 

 

The P&O algorithms operate by periodically perturbing (i.e. incrementing or decrementing) the 

array terminal voltage or current and comparing the PV output power with that of the previous 

perturbation cycle. If the PV array operating voltage changes and power increases (dP/dVPV>0), 

the control system moves the PV array operating point in that direction; otherwise the operating 

point is moved in the opposite direction. In the next perturbation cycle the algorithm continues in 
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the same way. A common problem in P&O algorithms is that the array terminal voltage is 

perturbed every MPPT cycle; therefore when the MPP is reached, the output power oscillates 

around the maximum, resulting in power loss in the PV system. This is especially true in 

constant or slowly-varying atmospheric conditions. There are many different P&O methods 

available in the literature. In this paper we consider the classic, the optimized and the three-point 

weight comparison algorithms.   

5. EXPERIMENTAL VERIFICATION 

In the experimental setup, three DC sources have been utilized. In the control section, a PIC 

micro controller named PIC16f877A has been utilized which calculates the switches‟ on time. 

For the switches driving, TLP250 gate drivers have been utilized. For the body diode-less 

IGBTs, BUP-314 has been utilized. The schematic block diagram of the experimental setup has 

been presented in Fig. 6. Fig. 4(a) presents the experimental setup and Fig. 4(b) presents the 

proposed topology. Fig. 5 shows the output voltage and current of the converter. A power 

analyzer by the name of PROVA 6800 has been used to measure the output power, and power 

factor.  

 

Fig. 4(a) presents the experimental setup Fig. 4(b) presents the proposed topology 
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Fig. 5 shows the output voltage and current of the converter 

The purpose of the work is to replace the convention method with use of peripheral interface 

controller (PIC) microcontroller. The microcontroller provides the variable frequency pulse 

width modulation signal that controls the applied voltage on the gate drive by using the system of 

PIC16f877A. The application of the inverter is to be either for stand-alone or for the grid 

connection from a direct supply of a photovoltaic cells. The negative terminal of the PV array is 

grounded in the improved topology, which increase reliability and suppresses the leakage 

current. The below block diagram of this work explains briefly about the components used in the 

paper.  

 

Fig.6. Block diagram of proposed system 
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6. CONCLUSION 

A modified control algorithm compatible with the proposed converter has been presented. The 

converter has acceptable number of switches and low number of passive elements, almost zero 

leakage current, buck-boost capability, high efficiency and excellent dynamics in case of the 

input voltage variation. Therefore, the proposed circuit can be utilized and commercialized as the 

interface device between the PV array and the distribution system. The proposed project was 

implemented with a load and it will be connected to the grid in future implementation. 
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