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ABSTRACT: The inverters are categorized according to the configuration of the PV system, the configuration of the 
conversion stages within the inverter and whether they use transformers. After the introduction of the state of the art of 
inverters for PV systems with and without transformers, the paper focuses on some known problems and challenges for 
transformer less inverters. Topologies without transformers have big advantages like low weight, volume and cost. In 
addition they often reach higher efficiencies than topologies with transformers. Eliminating the leakage current is one 
of the most important issues for transformer less inverters in grid-connected photovoltaic system applications, where 
the technical challenge is how to keep the system common-mode voltage constant to reduce the leakage current.  To 
realize better utilization of PV modules and maximize the solar energy extraction, a distributed maximum power point 
tracking control scheme is applied to both single- and three-phase multilevel inverters, which allows independent 
control of each dc-link voltage. For three-phase grid-connected applications, PV mismatches may introduce unbalanced 
supplied power, leading to unbalanced grid current. 
 
KEYWORDS: cascaded multilevel inverter, distributed maximum power point (MPP) tracking (MPPT), Fuzzy logic, 
modular, modulation Compensation. 

I. INTRODUCTION 

In recent years, the efforts to spread the use of renewable energy resources instead of pollutant fossil fuels and other 
forms have increased. Photovoltaic systems offer the possibility of converting sunlight into electricity. The 
transformation of electricity through photovoltaic provides case of installation, maintenance and become more 
affordable. One of the most common control strategies structures applied to decentralized power generator is based on 
power direct control employing a controller for the dc link voltage and a controller to regulate the injected current to 
the utility network. The system components and power control scheme are modeled in terms of dynamic behaviors. An 
improved MPPT converter with current compensation method for small-scaled PV-applications is presented in [1]. He 
proposed method implements maximum power point tracking (MPPT) by variable reference current which is 
continuously changed during one sampling period. Lot of research has been done on maximum power point tracking 
[3] of Photovoltaic cell. He introduced a new maximum power point tracking algorithm for photovoltaic arrays is 
proposed in [4]. The algorithm detects the maximum power point of the PV. The computed maximum power is used as 
a reference value of the control system. The proposed MPPT has several advantages: simplicity, high convergence 
speed, and independent on PV array characteristics. The many different techniques for maximum power point tracking 
of photovoltaic (PV) arrays are discussed in [5]. Paper should serve as a convenient reference for future work in PV 
power generation in [6]. 

The modular cascaded H-bridge multilevel inverter, which requires an isolated dc source for each H-bridge, is one 
dc/ac cascaded inverter topology. The separate dc links in the multilevel inverter make independent voltage control 
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possible. As a result, individual MPPT control in each PV module can be achieved, and the energy harvested from PV 
panels can be maximized. Meanwhile, the modularity and low cost of multilevel converters would position them as a 
prime candidate for the next generation of efficient, robust, and reliable grid connected solar power electronics. A 
modular cascaded H-bridge multilevel inverter topology for single- or three-phase grid-connected PV systems is 
presented in this paper. The panel mismatch issues are addressed to show the necessity of individual MPPT control, and 
a control scheme with distributed MPPT control is then proposed. The distributed MPPT control scheme can be applied 
to both single and three-phase systems [7]. 
In addition, for the presented three-phase grid-connected PV system, if each PV module is operated at its own MPP, PV 
mismatches may introduce unbalanced power supplied to the three-phase multilevel inverter, leading to unbalanced 
injected grid current. To balance the three-phase grid current, modulation compensation is also added to the control 
system. 
 
An improved perturbation and observation maximum power point tracking algorithm for PV arrays. Improved 
perturbation and observation method of Maximum Power Point Tracking control for photovoltaic power systems in 
[10]. He explained about the perturbation observation method. Maximum photovoltaic power tracking an algorithm for 
rapidly changing atmospheric conditions explained in [11]. Evaluation of maximum power point tracking methods for 
grid connected photovoltaic systems discussed in [12]. In the maximum power point tracking method so many methods 
are available but he used the suitable tracker. The fuzzy inference is carried out by using Sugeno’s . So this is Sugeno, 
or TakagiSugeno-Kang, method of fuzzy inference. Introduced in 1985[9], it is similar to the Mamdani method in many 
respects. Hardware Implementation of Fuzzy Logic based Maximum Power Point Tracking Controller for PV System. 
The electric power supplied by a photovoltaic power generation systems depends on the solar irradiation and 
temperature. A Rule-Based Fuzzy Logic Controller for a PWM Inverter in Photo-voltaic Energy Conversion Scheme 
discussed in . The modeling and simulation of the electric part of a grid connected photovoltaic generation system 
explained. This work proposed a fuzzy logic based controller to track MPPT in photovoltaic cell. 
 

II. SYSTEM DESCRIPTION 
 

Modular cascaded H-bridge multilevel inverters for single and three-phase grid-connected PV systems are shown in 
Fig.1. Each phase consists of n H-bridge converters connected in series, and the dc link of each H-bridge can be fed by 
a PV panel or a short string of PV panels. The cascaded multilevel inverter is connected to the grid through L filters, 
which are used to reduce the switching harmonics in the current. 
By different combinations of the four switches in each H-bridge module, three output voltage levels can be generated: 
−vdc, 0, or +vdc. A cascaded multilevel inverter with n input sources will provide 2n + 1 levels to synthesize the ac 
output waveform. This (2n + 1)-level voltage waveform enables the reduction of harmonics in the synthesized current, 
reducing the size of the needed output filters. Multilevel inverters also have other advantages such as reduced voltage 
stresses on the semiconductor switches and having higher efficiency when compared to other converter topologies. 

 
III. PANEL MISMATCHES 

 
PV mismatch is an important issue in the PV system. Due to the unequal received irradiance, different temperatures, 
and aging of the PV panels, the MPP of each PV module may be different. If each PV module is not controlled 
independently, the efficiency of the overall PV system will be decreased. 
To show the necessity of individual MPPT control, a five-level two-H-bridge single-phase inverter is simulated in 
MATLAB/SIMULINK. Each H-bridge has its own 185-W PV panel connected as an isolated dc source. The PV panel 
is modeled according to the specification of the commercial PV panel from Astronergy CHSM-5612M. 
Consider an operating condition that each panel has a different irradiation from the sun; panel 1 has irradiance S =1000 
W/m2, and panel 2 has S = 600 W/m2. If only panel 1 is tracked and its MPPT controller determines the average 
voltage of the two panels, the power extracted from panel 1 would be 133 W, and the power from panel 2 would be 70 
W, as can be seen. Without individual MPPT control, the total power harvested from the PV system is 203 W. 
However, the MPPs of the PV panels under the different irradiance. The maximum output power values will be 185 
and 108.5 W when the S values are 1000 and 600 W/m2, respectively, which means that the total power harvested from 
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the PV system would be 293.5 W if individual MPPT can be achieved. This higher value is about 1.45 times of the one 
before. Thus, individual MPPT control in each PV module is required to increase the efficiency of the PV system. 
In a three-phase grid-connected PV system, a PV mismatch may cause more problems. Aside from decreasing the 
overall efficiency, this could even introduce unbalanced power supplied to the three-phase grid-connected system. If 
there are PV mismatches between phases, the input power of each phase would be different. Since the grid voltage is 
balanced, this difference in input power will cause unbalanced current to the grid, which is not allowed by grid 
standards. For example, to unbalance the current per phase more than 10% is not allowed for some utilities, where the 
percentage imbalance is calculated by taking the maximum deviation from the average current and dividing it by the 
average current. 

 

 
Fig. 1. Topology of the modular cascaded H-bridge multilevel inverter for grid-connected PV systems. 

 
To solve the PV mismatch issue, a control scheme with individual MPPT control and modulation compensation is 
proposed. The details of the control scheme will be discussed in the next section. 
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IV. CONTROL SCHEME 
A. Distributed MPPT Control 
In order to eliminate the adverse effect of the mismatches and increase the efficiency of the PV system, the PV modules 
need to operate at different voltages to improve the utilization per PV module. The separate dc links in the cascaded H-
bridge multilevel inverter make independent voltage control possible. To realize individual MPPT control in each PV 
module, the control scheme proposed is updated for this application. 
The distributed MPPT control of the three-phase cascaded H-bridge inverter is shown in Fig.2. In each H-bridge 
module, an MPPT controller is added to generate the dc-link voltage reference. Each dc-link voltage is compared to the 
corresponding voltage reference, and the sum of all errors is controlled through a total voltage controller that 
determines the current reference Idref. The reactive current reference Iqref can be set to zero, or if reactive power 
compensation is required, Iqref can also be given by a reactive current calculator. The synchronous reference frame 
phase-locked loop (PLL) has been used to find the phase angle of the grid voltage. As the classic control scheme in 
three-phase systems, the grid currents in abc coordinates are converted to dqcoordinates and regulated through 
proportional–integral (PI) controllers to generate the modulation index in the dqcoordinates, which is then converted 
back to three phases. 
The distributed MPPT control scheme for the single-phase system is nearly the same. The total voltage controller gives 
the magnitude of the active current reference, and a PLL provides the frequency and phase angle of the active current 
reference. The current loop then gives the modulation index. 
To make each PV module operate at its own MPP, take phase a as an example; the voltages vdca2 to vdcanare controlled 
individually through n − 1 loops. Each voltage controller gives the modulation index proportion of one H-bridge 
module in phase a. After multiplied by the modulation index of phase a, n − 1 modulation indices can be obtained. 
Also, the modulation index for the first H-bridge can be obtained by subtraction. The control schemes in phases b and c 
are almost the same. The only difference is that all dc-link voltages are regulated through PI controllers, and n 
modulation index proportions are obtained for each phase. 

 
Fig.2. Control scheme for three-phase modular cascaded H-bridge multilevel PV inverter. 

 
A phase-shifted sinusoidal pulse width modulation switching scheme is then applied to control the switching devices of 
each H-bridge. 
It can be seen that there is one H-bridge module out of N modules whose modulation index is obtained by subtraction. 
For single-phase systems, N = n, and for three-phase systems, N = 3n, where n is the number of H-bridge modules per 
phase. The reason is that N voltage loops are necessary to manage different voltage levels on N H-bridges, and one is 
the total voltage loop, which gives the current reference. So, only N − 1 modulation indices can be determined by the 
last N – 1 voltage loops, and one modulation index has to be obtained by subtraction. 
Many MPPT methods have been developed and implemented. The incremental conductance method has been used in 
this paper. It lends itself well to digital control, which can easily keep track of previous values of voltage and current 
and make all decisions. 
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B. Modulation Compensation 
As mentioned earlier, a PV mismatch may cause more problems to a three-phase modular cascaded H-bridge multilevel 
PV inverter. With the individual MPPT control in each H-bridge module, the input solar power of each phase would be 
different, which introduces unbalanced current to the grid. To solve the issue, a zero sequence voltage can be imposed 
upon the phase legs in order to affect the current flowing into each phase. If the updated inverter output phase voltage is 
proportional to the unbalanced power, the current will be balanced. 
Thus, the modulation compensation block, as shown in Fig. 3, is added to the control system of three-phase modular 
cascaded multilevel PV inverters. The key is how to update the modulation index of each phase without increasing the 
complexity of the control system. First, the unbalanced power is weighted by ratio rj, which is calculated as 
 

 
Fig. 3. Modulation compensation scheme. 

          (1) 
Where Pinjis the input power of phase j (j = a, b, c), and Pinav is the average input power. 
Then, the injected zero sequence modulation index can be generated as 

 (2) 
Where djis the modulation index of phase j (j = a, b, c) and is determined by the current loop controller. 
The modulation index of each phase is updated by 

  (3) 
Only simple calculations are needed in the scheme, which will not increase the complexity of the control system. An 
example is presented to show the modulation compensation scheme more clearly. Assume that the input power of each 
phase is unequal 

   (4) 
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V. FUZZY LOGIC CONTROLLER 
 
Fuzzy logic is all about the relative importance of precision: use as Fuzzy Logic Toolbox software with MATLAB 
technical computing software as a tool for solving problems with fuzzy logic. Fuzzy logic is a fascinating area of 
research because it does a good job of trading off between significance and precision something that humans have been 
managing for a very long time.  

          In this sense, fuzzy logic is both old and new because, although the modern and methodical science of fuzzy 
logic is still young, the concept of fuzzy logic relies on age-old skills of human reasoning. 

 

 

Fig 4 Fuzzy Description 

Fuzzy logic is a convenient way to map an input space to an output space. Mapping input to output is the starting point 
for everything. Consider the following examples: 

 With information about how good your service was at a restaurant, a fuzzy logic system can tell you what the 
tip should be. 

 With your specification of how hot you want the water, a fuzzy logic system can adjust the faucet valve to the 
right setting. 

 With information about how far away the subject of your photograph is, a fuzzy logic system can focus the 
lens for you. 

 With information about how fast the car is going and how hard the motor is working, a fuzzy logic system can 
shift gears for you. 

To determine the appropriate amount of tip requires mapping inputs to the appropriate outputs. Between the input and 
the output, the preceding figure shows a black box that can contain any number of things: fuzzy systems, linear 
systems, expert systems, neural networks, differential equations, interpolated multi dimensional lookup tables, or even 
a spiritual advisor, just to name a few of the possible options. Clearly the list could go on and on. Of the dozens of 
ways to make the black box work, it turns out that fuzzy is often the very best way. As Lotfi Zadeh, who is considered 
to be the father of fuzzy logic, once remarked: "In almost every case you can build the same product without fuzzy 
logic, but fuzzy is faster and cheaper". 
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Fuzzy logic is not a cure-all. When should you not use fuzzy logic? The safest statement is the first one made in this 
introduction: fuzzy logic is a convenient way to map an input space to an output space. Fuzzy logic is the codification 
of common sense — use common senses when you implement it and which will probably make the right decision. 
Many controllers, for example, do a fine job without using fuzzy logic. However, it take the time to become familiar 
with fuzzy logic, it can be a very powerful tool for dealing quickly and efficiently with imprecision and nonlinearity. 

Fuzzy logic arose from a desire to incorporate logical reasoning and the intuitive decision making of an expert operator 
into an automated system [14]. The aim is to make decisions based on a number of learned or predefined rules, rather 
than numerical calculations. Fuzzy logic incorporates a rule-base structure in attempting to make decisions. However, 
before the rule-base can be used, the input data should be represented in such a way as to retain meaning, while still 
allowing for manipulation. Fuzzy logic is an aggregation of rules, based on the input state variables condition with a 
corresponding desired output. A mechanism must exist to decide on which output, or combination of different outputs, 
will be used since each rule could conceivably result in a different output action. 
Fuzzy logic can be viewed as an alternative form of input=output mapping. Consider the input premise, x, and a 
particular qualification of the input x represented by Ai. Additionally, the corresponding output, y, can be qualified by 
expression Ci. Thus, a fuzzy logic representation of the relationship between the input x and the output y could be 
described by the following:    
R1: IF x is A1 THEN y is C1 
R2: IF x is A2 THEN y is C2 
. . . . . . . . . . . . 
. . . . . . . . . . . . 
. . . . . . . . . . . . 
Rn: IF x is An THEN y is Cn 

Where x is the input (state variable), y is the output of the system, Ai are the different fuzzy variables used to classify 
the input x and Ci are the different fuzzy variables used to classify the output y. The fuzzy rule representation is 
linguistically based. Thus, the input x is a linguistic variable that corresponds to the state variable under consideration. 
Furthermore, the elements Ai are fuzzy variables that describe the input x. correspondingly, the elements Ci are the 
fuzzy variables used to describe the output y. In fuzzy logic control, the term ‘‘linguistic variable’’ refers to whatever 
state variables the system designer is interested in. Linguistic variables that are often used in control applications 
include Speed, Speed Error, Position, and Derivative of Position Error. The fuzzy variable is perhaps better described 
as a fuzzy linguistic qualifier. Thus the fuzzy qualifier performs classification (qualification) of the linguistic variables. 
The fuzzy variables frequently employed include Negative Large, Positive Small and Zero. Several papers in the 
literature use the term ‘‘fuzzy  set’’ instead of ‘‘fuzzy variable’’, however; the concept remains the same. Table 30.1 
illustrates the difference between fuzzy variables and linguistic variables. Once the linguistic and fuzzy variables have 
been specified, the complete inference system can be defined. The fuzzy linguistic universe, U, is defined as the 
collection of all the fuzzy variables used to describe the linguistic variables . i.e. the set U for a particular system could 
be comprised of Negative Small (NS), Zero (ZE) and Positive Small (PS). Thus, in this case the set U is equal to the set 
of [NS, ZE, PS]. For the system described by Eq. (30.1), the linguistic universe for the input x would be the set Ux . 
.A1A2 . . . An.. Similarly, 
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TABLE  Fuzzy and linguistic variables 

 
the linguistic universe for the output y would be the set Uy . .Ca C2 . . . Cn. The Fuzzy Inference System (FIS) The 
basic fuzzy inference system (FIS) can be classified as: Type 1 Fuzzy Input Fuzzy Output (FIFO) 
Type 2 Fuzzy Input Crisp Output (FICO) 
 
Type 2 differs from the first in that the crisp output values are predefined and, thus, built into the inference engine of 
the FIS. In contrast, type 1 produces linguistic outputs. Type 1 is more general than type 2 as it allows redefinition of 
the response without having to redesign the entire inference engine. One drawback is the additional step required, 
converting the fuzzy output of the FIS to a crisp output. Developing a FIS and applying it to a control problem involves 
several steps: 
1. fuzzification 
2. fuzzy rule evaluation (fuzzy inference engine) 
3. defuzzification. 
The total fuzzy inference system is a mechanism that relates the inputs to a specific output or set of outputs. First, the 
inputs are categorized linguistically (fuzzification), then the linguistic inputs are related to outputs (fuzzy inference) 
and, finally, all the different outputs are combined to produce a single output (defuzzification). Figure 30.1 shows a 
block diagram of the fuzzy inference system.   

 

Fig 5 Fuzzy inference system. 

Fuzzification:Fuzzy logic uses linguistic variables instead of numerical  variables. In a control system, error between 
reference signal  and output signal can be assigned as Negative Big (NB),  Negative Medium (NM), Negative Small 
(NS), Zero (ZE),  Positive small (PS), Positive Medium (PM), Positive Big  (PB). The triangular membership function 
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is used for  fuzzifications. The process of fuzzification convert numerical  variable (real number) to a linguistic variable 
(fuzzy number). 

Defuzzification:The rules of fuzzy logic controller generate required output in  a linguistic variable (Fuzzy Number), 
according to real world  requirements; linguistic variables have to be transformed to  crisp output (Real number). This 
selection of strategy is a  compromise between accuracy and computational inensity. 

V. MATLAB/SIMULATION RESULTS 
 

 
Fig 6 Basic simulation diagram 

 

 
 

Fig 7 Modulation indices before and after modulation compensation 

 

Fig 8 PV currents of phases with distributed MPPT 
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Fig 9 Power injected to the grid with modulation compensation 

 

Fig 10 Three phase inverter output voltage waveforms with modulation compensation 

 
 

Fig 11 Three phase grid current waveforms with modulation compensation 
 

VI.CONCLUSION 
 

The purpose of this paper is to study the harmonic profile of Grid connected PV system for different MPPT methods 
including perturbation & observation incremental conductance and Fuzzy logic controller. The PV simulation system 
used in this paper is set up under Matlab/Simulink environment. After accomplishing the model of PV modules, the 
models of Multi level inverter and MPPT systems are combined with it to complete the PV simulation system with the 
MPPT functions. The proposed fuzzy MPPT sets the optimum DC bus voltage reference for the inverter without the 
need for a dc–dc converter. The control of the active and reactive power is done using a PI controller. Fuzzy based 
three phase single stage grid connected PV system has been proposed. The harmonics are eliminated by the double 
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tuned resonant filter. The power extracted from the PV array increased by the fuzzy based MPPT which develop the 
system performance in varying weather condition. 
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