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ABSTRACT

Solar power is the conversion of solar energy into thermal or electrical energy. Solar technologies can harness this energy for a 
variety of purposes, including electricity generation. In the existing method Transformer less single-phase symmetrical Z –
Source HERIC Inverter having some drawbacks such as voltage unbalance, Harmonic distortion and low reducing leakage 
current when compare to proposed method. So to overcome the drawback, this work proposes a quasi-Z-source inverter 
using the switched Inductor method. The converter with two capacitors, one diode, and two inductors for maintaining balance 
voltage and low leakage current losses in the output. Adaptive Neuro-Fuzzy Inference System (ANFIS) control methods, termed 
as the simple boost method and maximum boost control method results the relation of the voltage boost inversion ability. An 
inverter is an essential material in a solar energy system. It is a way to convert direct current (DC) power generated by a solar 
panel to alternating current (AC). Furthermore, the quasi-z-source converters' input source current and output load current are 
both continuous. The quasi-z-source converters are classed as continuous switched-quasi-z- source converters or discontinuous 
switched-quasi-z-source converters based on the sequence of inductor current and system setup.
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INTRODUCTION

The classic DC-DC topology is currently classified into two 
categories: non- isolated topologies such as Buck type, 
Boost type, Converters type, and Zeta type topological 
structures, and isolation topologies such as forward circuit, 
a bidirectional converter circuit, and push-pull circuit 
topologies. Although development on the above-mentioned 
topology of technology is rather developed, its application 
is limited due to its single structure and difficult 
applications. In addition, to boost the voltage gain of the 
typical quasi Z-source converter, a voltage lifting cell 
consisting of two diodes, two inductors, and one capacitor 
has been integrated. The converter, on the other hand, 
lacks a common ground for input and output. To increase 
the converter's voltage gain, a hybrid converter with two 
switched inductor circuits and one switched capacitor circuit 
is recommended.
However, there are significant disadvantages to this 
proposed Z-source design, such as high voltage stress 
across the switches and capacitors, a big inrush current, and 
a low boost factor. Different control tactics were used to 
overcome these limitations, such as reducing the 
voltage stress between the switches and capacitors while 

increasing the boost. Other techniques, such as Switched 
Capacitor (SC), Switched-Inductor (SL), Voltage Multiplier 
Cells, and Voltage-Lift (VL) techniques, have been widely 
employed to increase the step-up capacity inconsistently 
demonstrated and cascade designs, in addition to control 
strategies. Switching Inductor (SL) approaches have been 
incorporated into the traditional Z- source impedance 
network.
The Z-Source Inverter (ZSI) has recently sparked a lot of 
attention due to its clear advantages over the traditional 
voltage source inverter. For starters, ZSIs raise the voltage 
by using the inverter bridge's shoot-through, making them 
more suitable for applications with low input voltages, such 
as photovoltaic and fuel cells. When the load terminals are 
shorted through either the lower or top two switches, the 
load, and two zero vectors are generated. Many PWM 
(Pulse Width Modulation) control techniques have sprung 
up as a result of these switching states and their 
combinations. The most prevalent PWM technique in the 
Converters is sinusoidal Continuous in time. Traditional 
Inductor, on the other hand, prohibits the use of additional 
zero vectors or shoot through switching states in QZSI. The 
shoot- through state should always be followed by the active 
state to boost the output voltage. The complementary 
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activities of the switches inside a leg may be sufficient to 
meet this need.
The maximum boost control approach, in contrast to the 
simple boost and continuous boost control methods, turns 
all zero states into shoot-through states without impacting 
the active state, resulting in the highest achievable voltage 
gain for a given modulation index. The maximum boost 
control technique was used to evaluate the following 
comparisons. To boost the voltage gain of converters, 
switched capacitor and switched inductor circuits/units are 
used in various converter topologies. Few have 
recommended using a switched inductor circuit in a multi-
level converter to increase the grid converter's voltage gain. 
By connecting more levels to the converter circuit, 
professionals can increase the gain even more. In the 
converter topology, actively switched capacitor and 
switched inductor circuits are also investigated to reduce 
the shoot-through time and boost the voltage of the z-source 
inverter. These switching inductor converter topologies are 
widely employed to boost the converter's gain while 
reducing voltage strains on the converter's passive 
components.

LITERATURE SURVEY
The solar power unit is needed to increase the lesser 
voltage of solar panels to the voltage of the power grid; 
thus, the converter should have an immense voltage gain 
with few switches otherwise it leads to system complexity. A 
three-port converter with enhanced topology for renewable 
power utilization based on the Z- Source network is 
suggested to fix these issues well. This Z-source network 
symbolizes the suggested converter’s distinctive 
characteristics. One port of energy storage system for energy 
storage and supply, and the last one is for loads.
However, major wind or solar power is tied to climate, and 
this problematic or intermittent element added to the grid's 
complexity. One energy storage system issue solution is to 
regulate the output of energy storage systems. Solar power 
units are required to increase the lower voltage of solar 
panels, which necessitates the use of a high voltage boost 
converter in a solar energy conversion system with an 
energy storage scheme. In addition, the bidirectional energy 
storage unit balances output by combining renewable 
energy systems. It took at least two converters to connect 
the PV and the load output.
For low voltage input power applications, a high gain 
converter is a must. The Z- source inverter has gotten a lot 
of attention. A great deal of effort has gone into improving 
the voltage gain through superior design. However, there is 
still a gap in terms of achieving higher voltage gain with the 
smallest amount of components. To attain higher voltage 
gain, a high gain Z-source inverter is recommended in this 
way. The active switched network and switched inductor 
cell are used in the proposed converter.
The proposed inverter has a better voltage gain and a 
continuous input current. To calculate the voltage gain, 
the operation and steady-state analysis are  presented. The 
properties of the suggested converter are

described via a comprehensive review. The 
proposed topology is motivated by the desire to achieve 
higher voltage gain with the smallest number of 
elements possible. The quasi switched boost topology is the 
inspiration for the suggested topology (QSBI). To get a 

greater voltage gain, the QSBI is changed and 
extended. The proposed topology also includes a switched 
inductor network, two capacitors, and a   diode. Because the 
inductor is directly linked in series with the source in the 
proposed topology, it provides a continuous input current 
profile.
Impedance Network Inverters (INIs) are the best voltage- 
and current-source inverter alternatives. Such converters are 
ideal choices for a variety of applications due to their 
boosting capability and shoot-through solution. Hard 
switching, on the other hand, compels the converter to run 
at a low switching frequency, Resulting in a bulky 
impedance network. Furthermore, the trade-off between 
voltage gain and modulation index is created by the 
coupling between the shoot-through duty cycle and inverter 
modulation index (output voltage harmonics).The use of a 
revolutionary dual switching frequency modulation to 
reduce the converter's switching losses resulted in a smaller 
impedance network. A high-frequency Pulse Width 
Modulation (PWM) is combined with a low-frequency 
sinusoidal pulse width modulation in the proposed 
approach. As a result, switching losses are reduced 
significantly in comparison to the traditional basic boost 
modulation.
To give voltage boosting capacity to a voltage step-down 
converter, a Z- source network is combined with a Modular 
Multilevel Converter (MMC). The proposed Z-source 
modular multilevel converter uses a single Z-source network 
that is interconnected between the respective terminals of 
the DC input source and the DC-link terminals of the 
MMC to reduce the growth in complexity. The earlier 
published a reduced inserted cells (RICs) PWM modulation 
approach for quasi Z- source MMC (QZS-MMC), but the 
two quasi Z- source networks required a big inductor. This 
means that using the RICs scheme with the source MMC is 
better than using the QZS-MMC. The derivation of key 
design and the operation concept of the Z-source MMC 
employing the RICs scheme.
 The submodule is the MMC phase-leg (SM). The SMs can 
be implemented in a variety of ways, including half-bridge, 
full-bridge, and three-level neutral point clamped. In 
comparison to other configurations, the half-bridge SMs 
based MMC has the lowest power losses due to the lesser 
number of semiconductor devices in the current path.
MMC with half-bridge SMs, on the other hand, is limited in 
its capacity to create output voltages greater than half of the 
DC-source voltage, which may be required in some 
applications. The ZS-basic network's architecture is based 
on the use of input diodes, which are required for the 
voltage boost mechanism and cannot be removed. To avoid 
any problems, the active switches should be connected in 
antiparallel to the input diodes, as shown in the single- 
phase converter.
A unique Z-Source Modular Multilevel Converter (ZS-
MMC) topology capable of buck and boost voltages. The 
technology of Reduced Inserted Cells (RICs) was applied. 
RICs approach is more convenient with ZS-MMC than with 
quasi Z-source modular multilevel converter (QZS-MMC) 
since the inductor currents have significantly lower ripple, 
allowing for smaller inductor size.
 The method proposes an augmented three-level neutral-
point-clamped quasi- Z- source inverter (3L NPC QZSI) 
architecture to address the shortcomings of the classic Z- 
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source topology. The benefits of a three-level neutral point-
clamped inverter are combined with the advantages of a 
quasi-z-source network in this new architecture. In 
comparison to standard topologies, new topologies can 
improve inverter boost performance, reduce capacitor 
voltage stress, and reduce start-up shock current.
In comparison to a two-level Voltage Source Inverter (VSI), 
the 3L-NPC inverter provides several advantages, including 
lower voltage stress on the switching device and lower 
harmonic distortion. However, VSI's output voltage cannot 
exceed the input voltage. Furthermore, the dead time must 
be included to avoid the problem of shoot-through, 
however, this can create waveform distortion. The new 
topology has a better boost effect and may be used in 
industrial applications with the same shoot-through duty 
ratio and input voltage. The new design successfully 
reduces capacitor voltage stress and suppresses starting 
current, which helps to reduce capacitor volume, safeguard 
power electronics, and save money.
The continuous input current configuration and the 
discontinuous input current configuration of enhanced-
boost quasi-Z source inverters with two switching 
impedance networks are provided as two topologies for 
enhanced-boost quasi-Z source inverters. These suggested 
inverter topologies, like enhanced-boost ZSIs, have a high 
boost voltage inversion at a low shoot-through duty ratio 
and a high modulation index, resulting in a higher quality 
output voltage. These suggested inverter topologies share 
common ground with the source and bridge inverters, 
overcome the initial inrush problem, draw continuous input 
current, and have lower voltage across the capacitors than 
enhanced-boost ZSIs with two switched Z-source 
impedance networks. Furthermore, the input ripple current 
is insignificant.
The Maximum Boost Control (MBC) technique was 
introduced to raise the input voltage and reduce voltage 
stress across the switch without making any changes to the 
circuit elements of the impedance network. In MBC, the 
flow- through period fluctuates at six times the output 
frequency, causing capacitor voltage and inductor current to 
ripple.
There are some limitations to the traditional DC TO AC 
converter, they are typically used to buck or increase their 
output voltage in most applications, but not both. For three-
phase voltage source inverters, several pulse width control 
mechanisms are employed traditionally. The V-source 
inverter has six active vector. Because the lower and top 
three devices are short-circuited, two extra zero states will 
occur when the dc voltage is applied across the load. 
Furthermore, switching the upper and lower devices of the 
V-source together will kill the power device. As a result, 
power devices require dead time for protection, which will 
result in harmonic distortion at the output.
Shoot-through duty ratio and modulation index are two 
factors that can be used to change the output of a typical Z-
source inverter. The voltage boosts the factor of the ZSI by 
changing the shoot-through duty ratio, and can change the 
AC output voltage by changing the modulation index. 
During operation, the modulation index and the shoot- 
through duty ratio must be balanced. The shoot- through 
duty ratio should be small if the modulation index is high, 
and vice versa. Large shoot-through duty ratios can produce 
a strong boost factor, which will raise the inverter bridge 

voltage from a few low voltages. As a result, a high shoot 
through-duty ratio and a low modulation index are 
employed.
Renewable energy is energy that comes from natural 
resources that are regenerated at a constant rate, such as 
sunshine, wind, tides, and geothermal heat. Wind, biomass, 
geothermal, Thermoelectric Generation (TEG), Solar 
Photovoltaic (SPV), tidal, and wave energy systems are all 
examples of these. Renewable energy sources, such as solar 
and wind energy, are clean, inexhaustible, and considered 
"free" energy sources. Because of the accessibility, 
quantity, and sustainability of solar radiant energy, 
photovoltaic energy is the most commonly used of all these 
renewable energy sources. These photovoltaic or solar cells 
generate electricity straight from the thermal light. 
However, at a specific terminal voltage, the solar cell or 
module delivers the peak (or maximum) power.
Much active impedance (Z)-source inverters (i.e., the 
impedance network consisting of one active switch, two 
diodes, and one capacitor) were proposed in the literature 
which produces the boot factor about the same as that of 
the traditional SSIs. But, the main drawbacks of these 
topologies are more stress across the capacitor and 
semiconductor switches. Generally, Solar Photovoltaic 
(SPV) module systems need high boost inverters to connect 
them to the grid/load. Therefore, to increase the boost 
factor, the switched- inductor Z-source inverter (SL-ZSI) 
was presented. But, the SL-ZSI has the same drawbacks as 
the traditional ZSI.
The Z-Source Inverter (ZSI) is a lot more intriguing, 
however, because this is a fourth-order system, it is 
extremely intricate. The higher-order model continues to 
pose a significant challenge in the design of switching 
power converters for a variety of applications. The viability 
of reduced-order modeling of a Z-source       impedance 
network is investigated in the present study. ZSI's 
small- signal model is discovered via the PWM switch 
technique. As a result, it is simple to locate the ZSI transfer 
function that is of interest. The reduced-order modeling 
method is also discussed step by step.
However, for the sake of simplicity, the majority of the 
impedance source networks were examined using a basic 
boost control method. Improved enhanced- boost Z-source 
inverters are provided in this thesis, which provides high 
voltage boost in a single-stage with low shoot-through duty 
ratio and high modulation index, as well as sharing 
common ground with the source and inverter bridge, with 
high reliability. Furthermore, the topologies are given here 
decrease the problem of starting inrush current and capacitor 
stress. The inductance and capacitance design expressions 
are obtained.
The developers have a significant challenge in selecting an 
adequate adaptive controller and circuit topology for the 
DSTATCOM to mitigate power quality issues. Harmonics 
in current, current unbalance, voltage unbalance, Voltage 
Sag/Swell, over- voltage, under-voltage, voltage flashing, 
and other issues can occur in the distribution system. The 
widespread usage of non-linear loads such as adjustable 
speed drives, solid- state voltage controllers, rectifiers with 
filter inductance, and switch-mode power supply is the 
source of these issues. Overheating, motor vibration, poor 
power factor, excessive neutral current, capacitor blowing, 
and communication interference are all symptoms of this 
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type of load.

EXISTING SYSTEM
In the existing method, a single-phase symmetrical Z-
Source HERIC inverter and the associated modulation 
strategy are used. Furthermore, due to the required through 
operation, impedance source networks cannot be directly 
connected between PV panels and transformer-less 
topologies. The challenge in this method is to modify 
modulation strategies or switching patterns to alleviate the 
variation of the common-mode voltage. This method 
describes a transformer less single-phase symmetric Z-
source HERIC inverter with low leakage currents. It is an 
attempt to use the Highly Efficient and Reliable Concept 
(HERIC) and an impedance source (Z-source) network in 
PV applications to maintain a constant common-mode 
voltage and thus low leakage currents. Two additional 
active switches are required for the symmetric Z-source 
HERIC inverter. Despite this, the operation frequency of the 
two switches is the same as the line frequency, resulting in 
negligible losses. More importantly, the performance in 
terms of low leakage currentsand harmonics has been 
enhanced.

PROPOSED SYSTEM
In this method, Adaptive Neuro-Fuzzy Inference System 
(ANFIS) technique based parameters such as sampling rate 
and Improved Perturb and observe values significantly 
impact the inter harmonic form characteristic of P.V. 
systems. The non-isolated switched Inductor quasi z-source 
connected based inductors is recovered by the passive 
clamp circuit, which also limits the switch, the voltage gain 
of the converter is increased by configuring the passive 
clamp and voltage multiplier circuits. From the controller 
technique, maximum power point tracking produces inter 
harmonic emission, and Inter harmonics are one of the most 
important sources of improving the source voltage and 
current. The battery load source indicates the battery level, 
while connected bidirectional DC-DC converter and Quasi 
Z-source converter (QZSI) is circuit converts coming from 
Direct Current (D.C.) the power source into Direct Current 
(D.C.) with the flow of Limiter and battery storage. The 
output result is better power quality and better gain without 
any distortion of the output from the Renewable Energy 
System.

Fig 1:  PROPOSED BLOCK DIAGRAM

ADVANTAGES OF PROPOSED SYSTEM
 Low Temperature resistance.
 Output voltage is independent of load, so voltage 

regulation is efficient.
 No isolation between supply and low voltage section.
 Stable output and less distortion.

SWITCHED INDUCTOR QUASI Z-SOURCE DC-

DC CONVERTER.
The novel switched-inductor quasi-Z-source inverter, 
proposed topology's boost ability is enhanced when 
compared to classic topologies. Voltage stress is reduced in 
capacitors, diodes, and power devices, and the current 
ripple in the DC voltage source is suppressed. The 
efficiency of conversion is also improved and topology's 
operation principle is thoroughly examined and compared 

Solar

Battery

Switched
Inductor 
Quasi Z-

source DC-
DC 

Converter

DC TO 
DC 

Converter

Microcontroller

(ANFIS)

Inverter

 
Filter

Load

 



V. Thirumurugan et al / Int. J. of Intel Adv Res in Eng Compts. Vol-10(3) 2022 [245-250]

249

to that of similar topologies. Experiments and experiments 
on a laboratory prototype are used to validate the 
feasibility of the proposed topology.
DC-DC converters generate controlled variable DC voltage 
from fixed DC voltage, which can be step up or step 
down voltage depending on the system's power circuit. 
Various converter classifications were devised based on 
operation, such as buck, boost, and buck-boost converters. 
Primitive converters only produce a single output, and for 
applications that require multiple sources, the circuit 
becomes cumbersome. Hence In the material, single 
inductor multiple output DC-DC converters were proposed 
to obtain multiple outputs from a single circuit for various 
electronic applications. This circuitry employs additional 
switches to distribute the inductor current among the various 
output voltages generally suitable for low-power 
applications.
A simple change in the circuitry, an attempt is made to 
convert the aforementioned converter to produce dual 
output. The converter of interest is a DC-DC converter 
with a quasi Z source. The benefit of this converter is that it 
has a high boost value while putting less strain on the 
components.
To generate dual output, the new modified isolated quasi Z 
source DC-DC converter employs mutually coupled devices 
such as transformers. DC-DC converters are used solely as a 
power conditioning unit for renewable energy sources. 
They convert fixed DC to variable DC by continuously 
switching the switching device ON and OFF. DC-DC 
converters are classified as buck, boost, or buck-boost 
depending on their operation.

PV ARRAY
A photovoltaic network is a collection of photovoltaic solar 
panels or modules that are electrically connected and 
installed in a long-lasting structure to produce more 
energy. The development's primary function is to design an 
independent electricity production system, such as a small 
load house located in a hilly area or not connected to a low 
load of the electricity network. The design of such a load 
employs a system that converts the electricity generated by a 
photovoltaic generator into an AC load using a dynamic and 
parallel supply load or stores it in a storage element. Solar 
panels are used to avoid the installation of photovoltaic 
solar panels.
If the panel terminals are open and the voltage between 
them equals the maximum open-circuit voltage, this is 
referred to as the panel. At the moment, there is zero, 
infinite resistance off-panel cut. The point of the current 
and voltage points has reached the perception of the 
connection  point curve, which consists of determining the 
so-called V-I curve, between these two extremely different 
load resistance states. This curve is known as the V-I 
characteristic of this panel. V-I curve and output power 
curve When the diagram current is zero and the voltage is 
zero, the curve and panel power at any point in watts are 
calculated by multiplying the two currents and voltage.

MICROCONTROLLER (ANFIS) BASED 
INDUCTOR QUASI Z-SOURCE DC-DC 
CONVERTER.
The power generated by a Photovoltaic (PV) module is 

heavily influenced by module temperature and Sun 
irradiation. A controller is usually included in the system 
to extract the most power from PV modules. Methods such 
as Perturb & Observe and Incremental Conductance were 
previously used to control output power. These methods, 
while simple to implement, face several challenges. They 
have a slow tracking speed, a low convergence rate, and are 
subject to rapid variations even under steady-state 
conditions. The Adaptive Neuro-Fuzzy Inference System 
(ANFIS) was created to extract as much power as possible 
from a non-linear PV module. The ANFIS controller is 
designed to take irradiance and temperature as input 
parameters to provide a crisp voltage value that can deliver 
maximum power in all conditions.
Because non-conventional energy sources are incorporated 
into the electrical system, the use of conventional energy 
sources is reduced. Currently, several researchers are 
focusing on the scarcity of resources to raise awareness 
about renewable energy sources. The power management 
system in the electrical system is critical for obtaining the 
maximum amount of output power from multi-input and 
multi-output renewable energy systems. As a result, this 
method focused on the design of an Adaptive Neuro-Fuzzy 
Controller (ANFIS) controller in a multi-input and multi-
output power management system of small-scale electrical 
systems to achieve a higher level of electrical generating 
electricity from renewable energy systems.

INVERTER
An inverter is a piece of electronic equipment or hardware 
that converts Direct Current (DC) To Alternating Current 
(AC). The information voltage, yield voltage, recurrence, 
and overall force handling are all determined by the design 
of the specific gadget or hardware. The force is generated 
by a DC source, such as a battery, rather than by the 
inverter itself. In most cases, when we talk about an 
inverter, we are referring to a combination of an inverter 
circuit and a battery. It can also be combined with other 
sources of energy, such as wind or sunlight.
The output current is controlled by current source inverters. 
In series, a large-value inductor is connected to the 
inverter's input DC line. In addition, the inverter serves as a 
current source. The inverter output must have voltage 
source characteristics. Capacitors are required between each 
phase-to-phase of motor input in motor applications. To 
suppress surge voltage caused by an inductive load, a large-
value snubber is sometimes required. A snubber loss 
increases in such cases. When compared to voltage source 
type inverters, this capacitor and motor inductance act as a 
kind of filter to reduce motor ripple current.
A power inverter is a device that uses electronic circuits to 
convert electrical power from DC to AC. Its typical 
application is to convert battery voltage to standard 
household AC voltage, allowing electronic devices to be 
used when AC power is unavailable. There are three types 
of inverters, the first set of which produced a Square Wave 
signal at the output and are now obsolete. The Modified 
Square Wave Inverter, also known as the Modified Sine 
Wave Inverter, generates square waves with some dead 
spots at the output between positive and negative half-
cycles. Pure Sine Wave inverters provide the cleanest 
utility-like power source. The current inverter market is 
transitioning away from traditional Modified  Sine Wave 
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inverters.

CONCLUSION

The aim is to integrate the benefits of the switched-
capacitor converter and the quasi-Z-source converter. A 
novel high step-up quasi-Z-source DC–DC converter with a 
single switched-capacitor circuit. By using the same or 
similar passive and active components as other high boost 

DC–DC converters, the proposed converter can provide 
higher output voltage gain, lower Harmonic distortion 
across the switches, and lower voltage stress across the 
output diodes. As a result, the converter's efficiency and 
reliability can be improved. The topological derivation, 
operating principle, parameter selection, and comparison 
with other DC–DC converters are all discussed. Finally, 
both simulation and experimental results are provided to 
validate the proposed converter's characteristics.
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