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Abstract - This paper work is aimed at design and 
simulation analysis of two-stage grid connected 
photovoltaic(PV) system using SEPIC converter and 
modified H-Bridge multilevel inverter. The first stage has 
a Coupled Inductor based Single Ended Primary Inductor 
Converter(SEPIC) with Incremental Conductance 
Maximum Power Point Tracking(MPPT) algorithm that 
aid in tracking the Maximum Power Point of the PV 
system with high tracking speed and output efficiency. 
The second stage is a modified three phase H-Bridge 
Multilevel Inverter controlled by second order 
generalized integral (SOGI) technique for pumping the 
sinusoidal and less distorted power extracted from PV 
into the distribution grid. The modeling of proposed 
system was carried out on the PV module of total capacity 
of 2100W to obtain improved efficient power extraction. 
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1. INTRODUCTION  

In recent days the use of renewable energy is widely 
increasing day by day. Among them, Solar Energy is 
considered as one of the important energy sources since 
these are environmental friendly and produces electric 
power without causing pollution. Therefore, Solar Photo 
Voltaic (PV) panels are preferred that are readily available. 
The PV system is stationary, silent, free of mechanical parts, 
and has low running and manufacturing costs compared to 
other renewable resources. The use of photovoltaic as a 
source of electrical energy shows a growing trend both in the 
implementation of the global sector and in the performance 
of various industrial plants. This trend is motivated by many 
factors, such as decrease in the cost of producing 
photovoltaic electricity per kW and the rise in fossil fuel 
prices and the development of effective photovoltaic energy 
conversion technology [1-4]. 

The photovoltaic cells generate electrical energy using the 
sunlight. A PV panel is formed of PV cells connected in series, 
parallel or series-parallel that is working commonly with a 
DC-DC converter and stores electrical energy in a battery 
array. In other situations, a DC-AC inverter is used to connect 

the PV panel and DC-DC converter in order to add electricity 
to the grid. When it comes to inverters, multilevel inverters 
(MLIs) and two level inverters are typically utilized [5]. 
Comparing MLI to two-level inverters, the former is more 
appealing due to lower switching stresses, lower operating 
frequency, and smaller filter requirements. There have been 
reports of several enhanced topologies with smaller filters, 
more stages, less Total Harmonic Distortion (THD), and 
fewer switches. In this operation, the DC-DC converter must 
run at its Maximum Power Point (MPP) in order to increase 
the generating efficiency. Therefore, tracking this point 
requires an algorithm. The MPPT algorithm is applied to find 
the maximum point that adjusts the duty cycle of the 
converter to increase the generation efficiency [8]. 

Generally , the system that are connected to the grid are of 
two stages, the first stage is DC-to-DC converters that boosts 
the PV voltages and extract the Maximum Power by utilizing 
MPPT and the stage two is to invert this DC power to AC 
power. The Maximum Power Point Tracking (MPPT) 
algorithm is used to track the maximum power the solar 
array. The second order generalized integral (SOGI) 
technique is used to control the multilevel inverter. In the 
proposed system it reduces complexity, less weight, low cost, 
high efficiency, and sinusoidal current is injected into the 
grid [7]. 

2. CIRCUIT SCHEME 

Figure 1 depicts the methodology of the proposed system. It 
consists of dual-stage conversion: a DC-DC conversion stage 
and a DC-AC conversion stage. DC-DC converter ie., Single 
Input Multiple Output SEPIC Converter, consists of an active 
switch (𝑆m), two diodes (D1, D2), input inductor and capacitor 
(Cb, Lm) coupled to two split capacitors (𝐶1 𝑎𝑛𝑑 𝐶2), connected 
to a DC link. The input to the SIMO-SEPIC Converter is given 
from the PV panel that generates DC current from the sun’s 
rays. The SEPIC Converter regulates and boosts up the DC 
output voltage to suitable levels and feeds it to the proposed 
H-Bridge Multilevel Inverter. The SIMO-SEPIC Converter is 
controlled by Incremental Conductance MPPT Algorithm. 

The modified H-Bridge multilevel inverter consists of 6 
active switches (S1, S2, S3, S4, S5, S6), the input to the inverter 
is given from the SEPIC Converter, here the multilevel 
inverter converts DC to 5-Level AC. The switches of the 
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multilevel inverter is controlled and regulated by second 
order generalised integral (SOGI) technique using PLL 
technique. The output of the multilevel inverter is fed to the 
load and the distribution grid. 

 

Figure 1: Circuit Scheme of the Proposed System 

3. MODE OF OPERATION OF H- BRIDGE 
MULTILEVEL INVERTER 

 

Figure 2: Mode of Operation 

Mode of operation of H-Bridge Multilevel Inverter is 
explained below: 

Table 2.2, shows the switching states for different voltage 
levels. 

MODE 1- Switches S1, S4 and S5 are turned ON. The output 
voltage value is 2V1. The switches S2, S3, S6 are off. The 
equivalent circuit is shown in Figure 2 (a). 

MODE 2- Switches S1, S4 and S6 are turned ON. The output 
voltage value is V1. The switches S2, S3, S5 are off. The 
equivalent circuit is shown in Figure2 (b). 

 

MODE 3- Switches S1 and  S3 are turned ON. The output 
voltage value is zero. The switches S2, S4,S5, S6 are off. The 
equivalent circuit is shown Figure 2 (c). 

MODE 4- Switches S2, S3 and S6 are turned ON. The output 
voltage value is −V1. The switches S1, S4,S5 are off. The 
equivalent circuit is shown in Figure 2 (d). 

MODE 5- Switches S2 , S3 and S5 are turned ON. The output 
voltage value is −2V1. The switches S1, S4, S6 are off. The 
equivalent circuit is shown in Figure 2 (e). 

Table 1: Switching States for Different Voltage Levels 

Voltage Level S1 S2 S3 S4 S5 S6 

+2V1 1 0 0 1 1 0 

+V1 1 0 0 1 0 1 

0 1 0 1 0 0 0 

-V1 0 1 1 0 0 1 

-2V1 0 1 1 0 1 0 

 

4. INCREMENTAL CONDUCTANCE MPPT 
TECHNIQUE 

 The INC MPPT approach is based on the fact that, the slope 
of the P-V curve is zero at the MPP, positive to the left of the 
MPP, and negative to the right of the MPP. INC conditions 
that are expressed in Equations.1, 2, 3. 

           (1) 

              (2)                                                                                                

          (3) 

The INC MPPT method has the advantage of being able to 
compute and determine the exact perturbation direction for 
the operating voltage of PV modules that is superior to the 
other two HC and P&O algorithms. 

  If the MPP is determined using the INC method's judgment 
conditions (dI/dV = I/V and dI = 0), it can theoretically 
prevent the perturbation phenomenon that occurs at the 
maximum power point that occur in the other MPPT logics. 
After that, the operating voltages are set. During 
experimental experiments, however, it appears that the 
perturbation phenomena are still occurring around the MPP 
under non-uniform weather circumstances. Because the 
likelihood of satisfying condition dI/dV = I/V is extremely 
low, and the deterministic process of the INC algorithm is 
more sophisticated, the simulation time spent on INC 
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algorithm is much longer than compared to HC and P&O 
methods. 

The MPP is tracked by seeking the peak of the P-V curve 
using the incremental conductance technique that detects 
the slope of the P-V curve. The instantaneous conductance 
I/V and incremental conductance dI/dV are used in this 
MPPT algorithm. The location of the PV module's operating 
point in the P-V curve is determined based on the 
relationship between the two values, as expressed in 
equations 1,2,3, ie., (1) indicates the P module operates at 
the MPP, whereas (2) and (3) indicate the PV module 
operates on the left and right sides of the MPP in the P-V 
curve, respectively. 

5. DESIGN OF SEPIC CONVERTER 

The Table 2 gives the information about the input and output 
parameters required for the design of the Two Parallel 
Interleaved DC-DC Converter. 

Table 2: Design Specifications 

 

 

PV Array 

Module Apollo Solar Energy 
ASEC-300G6M 

(Polycrystalline 
Module) 

Series 
Connected 

Modules 

7 No’s 

Total Power 
Output 

2100 W 

Voltage at 
MPP 

249 V 

Short Circuit 
Current 

8.45 A 

 

DC-DC 

CONVERTER 

Input Voltage 250 V 

Output 
Voltage 

320 V 

Switching 
Frequency 

100kHz 

Power 2 kW 

Output 
Current 

6.25 A 

 

H-BRIDGE 
MULTILEVEL 

INVERTER 

Input Voltage 320 V 

Output 
Voltage 

230 V 

Frequency 50 Hz 

 

The SEPIC Converter delivers 320 V DC to the multilevel 
inverter using an input DC voltage of 250 Volts. Considering 
the given specifications for the converter shown in table 4.1. 

The duty ratio, D is provided by the following relation (VFWD 
= 0): 

                              (4) 

Where, VOUT= Output Voltage 

              VIN= Input Voltage 

              VFWD= Forward Diode Voltage 

 

 

The average of input side inductor current is provided in the 
following equation:  

            (5) 

Where, IOUT= Output Current 

 

 

The switching time period, Ts is calculated from the 
switching frequency as shown below: 

                                                     (6)                                 

Where, FS= Switching Frequency 

 

 

 The input side inductance is calculated from the equation 
below: 

                                     (7) 

 

The inductance value above calculated is termed as critical 
inductance. To ensure that the proposed converter operates 
in CCM under any load conditions, we must use larger 
inductors than that of calculated values. 
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The ripple inductor currents are taken as 20% of the actual 
inductor current values for both intermediate and input side 
inductances. 

The intermediate inductance value can be calculated using 
the following equation: 

                                 (8) 

 

The coupling capacitor is calculated from the following 
equation: 

                                            (9) 

 

The ripple voltage of coupling capacitor (ΔVcb) is taken as 
1% of the actual coupling capacitor voltage (Vcb). 

The output capacitor is calculated from the following 
equation: 

                                        (10) 

 

The ripple voltage of output capacitor (ΔVco) is taken as 1% 
of the actual output capacitor voltage (Vco). 

Table 3: SEPIC Converter Design Parameters 

SYMBOL PARAMETERS DESIGN 
VALUE 

D Duty Ratio 0.56 

IL Input Inductor Current 8 A 

TS Switching Time Period 10 μsec 

LM Input Inductor 0.36 mH 

L Output Inductor 0.224 mH 

Cb Input Capacitor 6.15 μF 

C1, C2 Output Capacitors 2.4 mF 

 

 

6.  SIMULATION RESULTS 

The simulation circuit of H-bridge multi-level inverter for 
grid integration is shown in figure 3. A PV module of 250V, 
2KW is connected to SEPIC converter integrated 5-level 
inverter in order to supply the load of 1KVA as well as grid of  
50Hz. INC algorithm is used as MPPT in order to extract 
maximum power from PV module. 

 

Fig3: Simulation Circuit 

Figure 4, shows PV arrays power, voltage and current 
waveforms. The Power generated is around 2100W and the 
voltage and current is around 248.5 and 8.3 A respectively. 

 

Figure 4: Power, Voltage, Current Waveforms of PV 
Array 

Figure 5, shows the output-voltage and output-current 
waveforms of the H- Bridge Multilevel Inverter. The output 
voltage is around 300V and current is around 7A.  
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Figure 5: Inverter Voltage and Current Waveforms 

The active power measured of the inverter is found to be 
around 1700W and the reactive power is around 0.7. Figure 
6, shows the active and reactive power waveforms of 
inverter.  

 

Figure 6: Inverter Power Waveforms 

Figure 7, shows the current and voltage waveforms of the 
grid. Voltage o 230 Volts and current of 1.3A is observed from 
the waveforms. 

 

Figure 7: Grid Current and Voltage Waveforms 

Figure 8, shows grids active and reactive power waveforms. 
The remaining power after being consumed by the load of 
1KVA is being injected to the distribution grid, the active 
power is around 450VA. 

 

Figure 8: Grid Power Waveforms 

Figures 9  load current and voltage waveforms the load current 

voltage observed is around 300 Volts and current is around 5 

Amps.  

 

Figure 9: Load Current and Voltage Waveforms 

The total harmonic distortion (THD) for the proposed circuit 
is found to be around 4.73%. Figure 10, shows the THD 
analysis. 

 

Figure 10: THD Analysis 

7. CONCLUSION 

A grid-connected solar power conversion system consisting 
of five levels, utilizing inverters, was suggested. Utilizing the 
fewest possible components for the five-level output, the new 
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topology is a modified H-bridge design. Operation of the IC-
based MPPT maximizes the power extraction from the PV 
panels. A theoretical derivation and experimental validation 
are made about the efficient operation of the proposed H-
bridge multilevel inverter. At roughly 4.74%, the THD. It also 
feeds back into the grid the PV power that remains after load 
power demand. Further improvements of the system are 
possible by using advanced MPPT algorithms such as Firefly, 
Most Valuable Player algorithm, etc for partial shading 
conditions. 
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