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ABSTRACT 
 

Micro grid systems have emerged as a promising 
solution for integrating renewable energy sources 
and enhancing the overall reliability and efficiency 
of power distribution. The design and stability 
analysis of converter topologies play a crucial role 
in ensuring the seamless operation of micro grids. 
This research focuses on the development and 
optimization of converter topologies through advanced control techniques to enhance the stability and performance of micro grid systems. 
Special attention is given to the challenges associated with the integration of renewable energy sources, such as variable output and intermittent 
nature. A novel converter topology is proposed to address these challenges, leveraging advanced power electronics and control methodologies. 
The stability analysis is conducted using optimal control techniques to ensure robust and reliable operation of the micro grid. Mathematical 
models and simulation tools are employed to assess the dynamic behavior of the proposed converter topology under various operating change 
in load conditions. The research explores the potential of micro grid system with the converter topology to enhance the micro grid’s overall 
stability and response to load variations. The results of the stability analysis highlight the improvements achieved in terms of system response, 
efficiency, and reliability. 

Keywords: Micro grid, Modified converter topology, Stability. THD (Total Harmonic distortion), Optimal switching control.

INTRODUCTION 
The optimal control of inverters through power electronics 

switches holds particular significance in the context of micro grid 
systems, representing a crucial facet of advanced power electronics 
and control strategies within the realm of distributed energy 
resources (DERs).1 Micro grids, characterized by their localized 
and decentralized energy generation and distribution, rely heavily 
on inverters for seamless integration, efficient energy conversion, 
and grid resilience. The optimal control of these inverters, 
facilitated by power electronics switches, is pivotal for ensuring the 
reliable and optimal operation of micro grid systems. Micro grids, 
often composed of renewable energy sources such as solar panels 

and wind turbines, along with energy storage systems and various 
loads, require sophisticated control mechanisms to balance supply 
and demand dynamically. Power electronics switches, including 
insulated gate bipolar transistors (IGBTs) and metal-oxide-
semiconductor field-effect transistors (MOSFETs), play a 
fundamental role in regulating the flow of energy within the micro 
grid.2,3 The optimal control of inverters in micro grid systems 
encompasses a range of objectives. It involves maximizing the 
utilization of renewable energy sources, minimizing grid 
disturbances, enhancing system stability, and ensuring a seamless 
transition between grid-connected and islanded modes. 
Additionally, optimal control strategies aim to mitigate issues 
related to voltage fluctuations, frequency variations, and power 
quality within the micro grid.4 Advanced control techniques such 
as model predictive control (MPC), droop control, and virtual 
impedance control are applied to achieve optimal performance in 
microgrid inverters. These strategies consider the variability of 
renewable energy sources and the dynamic nature of microgrid 
loads. The integration of power electronics switches in the inverter 
control architecture enables precise regulation of voltage and 
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frequency, seamless switching between different operational 
modes, and effective energy management.5–7 

As microgrid systems become increasingly prevalent in 
addressing energy challenges, including resilience, sustainability, 
and grid reliability, the optimal control of inverters through power 
electronics switches emerges as a critical research and application 
area. This introduction sets the stage for exploring the intricacies of 
optimal inverter control specifically tailored for micro grid 
environments, encompassing theoretical foundations, control 
algorithms, and practical implementations essential for advancing 
the state-of-the-art in micro grid technology.8,18 

LITERATURE SURVEY 
The comparison of various converter topologies through optimal 

switches control are presented table -1. The reliability of micro grid 
through optimal control of converter topologies through switches 
are presented. 

 
Table 1. A comparison of recent MLIs for different combination of 
energy sources reported in literature 

Ref 
Micro
grid 

Source 
Inverter Type 

No. 
of 

Swit
ches 

Voltag
e 

Levels 

Reliabi
lity of 
Conve

rter 

Loa
d 

Curr
ent 

THD 

9 PV and 
Wind Conventional 4 3 No 23.1

% 

10 PV 
alone 

Voltage Level 
Boost(VLB)ML

I 
10 15 No 5.54

% 

11 
PV, 
Fuel 
Cell 

Cascaded 
Multilevel 

Inverter(CHB) 
11 5 NO 4.61

% 

12 PV, 
Wind 

Diode Clamped 
Multilevel 
Inverter 

6 5 NO 2.5% 

13 PV 
alone 

Cascade H 
Bridge 

Multilevel 
Inverter 

8 5 NO 3.2% 

14 PV 
alone 

Modified 
Cascade 

Multilevel 
Inverter 

6 7 YES 3.1% 

15 
PV , 

Hydrog
en 

Modular 
Cascade H 

bridge 
Multilevel 
Inverter 

12 7 YES 4.2% 

16 
Two 
PV 

sources 

Hybrid 
Multilevel 
Inverter 

7 7 YES 4.5% 

17 PV and 
Battery 

Dual input 
Converter 7 7 NO 6.1% 

 

PROPOSED SIMULATION 
The proposed converter is designed for the micro grid systems to 

ensure the reliability of overall system. Expanding the conventional 
inverter's levels through an auxiliary circuit and a suggested 
topology enables the attainment of a seven-output voltage, 

concurrently diminishing the total harmonic distortion. Further 
reduction in total harmonic distortion is achievable by augmenting 
the levels in a multilevel inverter. Integrating a multilevel inverter 
into a hybrid system yields elevated voltage levels and mitigates 
total harmonic distortion. This proposed system enhances the 
voltage gain and profile of the existing conventional inverter, 
employing multilevel inverters, while concurrently diminishing 
total harmonic distortion through an increase in the number of 
levels within the multilevel inverter system. The simulation is 
performed in PSIM software as presented in figure 1. 

 

 
Figure 1. Simulation of Modified converter for micro grid with 
renewable energy sources 

 
The performance of the converter topology is evaluated through 

simulation in the PSIM environment. The simulation incorporates 
three distinct input sources: a solar photovoltaic source, a battery 
storage system, and a university central bank. Operating in buck-
boost mode with continuous conduction, the converter's behavior is 
analyzed under steady-state conditions. Independent switching 
techniques generate gate pulses for the converter switches. The 
switching sequence is given in table 2. 

 
Table2. Switching Sequence 

Switches Firing Angle (in degree) 
S1 0 60, 240-300, 
S2 240 300, 240 420. 
S3 180 240, 360 420 
S4 0 240. 

S5 or SS1 60 120, 240 300. 
S6 or SS2 120 180, 300 360 

 
Adjustments to the duty ratios (D1 to D6) offer a means to 

control the voltage across the load, influencing the load current. The 
converter's bidirectional power flow capability makes it suitable for 
applications with such requirements. Non-ideal behavior, attributed 
to conduction and switching losses along with voltage drops, leads 
to slight deviations from idealistic conclusions. The conduction 
states of the switches are presented in table -3. The simulation 
parameters are presented in table 4. 
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Table 3. Switching Topology 
Voltage Levels 
(V) 

Conduction States  
S1 S2 S3 S4 S5 S6 

V1+V2+V3 1 0 0 1 0 0 
V1+V2 0 0 0 1 1 0 
V1 0 0 0 1 0 1 
0 0 0 1 1 0 0 
-V1 0 1 0 0 1 0 
-(V1+V2) 0 1 0 0 0 1 
-(V1+V2+V3) 0 1 1 0 0 0 

 
Table 4. Simulation Parameters  

S.No. Components Description  Values 
1. VPV 100V 
2. VW 100V 
3. VB 100V 
4. Load R=10 ohms, L=0.001 H 
5.  Switching frequency  5KHZ 
6. Diodes  Ideal 

 

RESULTS & DISCUSSION  
The simulation is performed in PSIM software for the proposed 

modified inverter for the micro grid. The load waveform voltage is 
presented in fig. 2, it is observed that the 7 level of voltages are 
achieved. Also, from the waveforms we can clearly see that the 
sinusoidal nature of the waveform improves further by increasing 
the levels in the multilevel inverter system.18 

 
Figure 2. Voltage across Load 
 

 
Figure 3. Current through Load 

    
The load current waveform is observed near to sinusoidal i.e. 

Pulsating D.C. in nature as presented in fig. 3. The magnitude of 
current peak value of current is 11.8A.  
 

Figure 4. THD across the load voltage 
 
 With the help of auxiliary circuit and proposed topology the seven 
output voltage is achieved and the total harmonic distortion is 
reduced. This total harmonic distortion can be further reduced by 
increasing the levels in multilevel inverter. The application of 
multilevel inverter in the hybrid system generates higher voltage 
and reduced total harmonic distortion. This is how the voltage gain 
and profile from the existing conventional inverter system can be 
improved using proposed system with the help of multilevel 
inverters and also the total harmonic distortion is reduced by 
increasing the number of levels in the multilevel inverter system.  
The seven level output voltage is achieved through properly 
applying the switching topology and also the THD of load voltage 
is 5.9 % of the fundamental frequency as shown inn figure 4. 

The proposed modified inverter for microgrid system along with 
the optimal switching control is capable to increase the voltage gain 
to tripple level ie. +/- 3Vdc. Also through optimal switching of 
power electronics switches the switching losses are low compared 
to conventional inverter. The voltage stress is also reduced across 
the swicthes. The over all device count is reduced to six including 
convernitonal inverter swicthes. In case of switch faliure the 
proposed converter is cable to provied power to the load with low 
voltage level. 

CONCLUSION 
This work has outlined the aspects of multilevel inverters to 

highlight the need to produce new inverters or modified 
combinations of inverters for Micro grid system. MLIs have been 
elaborated in various aspects, such as classifications and their 
abilities to enhance energy conversion in modern energy systems. 
Based on this review, a modified approach using MLIs for different 
levels should employ standard MLIs to reduce the switching count. 
Modified MLIs are promising solutions for PV and other renewable 
energy systems in terms of size, cost, less THD, and high efficiency 
energy conversion. Besides, the most recent MLIs grid-connected 
PV systems, and the minimizing current leakage suppression 
methods were highlighted in this work. Lastly, the challenges and 
practical recommendations for developing an efficient system were 
highlighted to motivate and guide society to focus on inventing an 
efficient and economic MLIs grid-connected system that combines 
most of the used and reported inverters’ capabilities. A Multilevel 
inverter structure must be proposed to cater the power from 
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different energy sources with reduced THD, device count and 
desired voltage levels. 
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