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 Photovoltaic energy conversion becomes main focus of many researches due to its promising potential as 

source for future electricity and has many advantages than the other alternative energy sources like wind, 

solar, ocean, biomass, geothermal etc. In Photovoltaic power generation multilevel inverters play a vital role 

in power conversion. The modular cascaded multilevel topology helps to improve the efficiency and flexibility 

of PV systems. To realize better utilization of PV modules and maximize the solar energy extraction, a 

distributed maximum power point tracking control scheme and Multistring PV System  is applied to both 

singleand 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. Modulation compensation Controller has been implemented for voltage regulation 

at Point of Common Coupling of Grid connected PV Power System. Simulation and experimental results are 

presented to verify the feasibility of the proposed approach. 

 

Keywords— Cascaded multilevel inverter, distributed maximum power point (MPP) tracking (MPPT), 

modular, modulation compensation, photovoltaic (PV). 
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I. INTRODUCTION 

Power electronic converters, especially dc/ac 

PWM inverters have been extending their range of 

use in industry because they provide reduced 

energy consumption, better system efficiency, 

improved quality of product, good maintenance, 

and so on.  

For a medium voltage grid, it is troublesome to 

connect only one power semiconductor switches 

directly [1, 2, 3]. As a result, a multilevel power 

converter structure has been introduced as an 

alternative in high power and medium voltage 

situations such as laminators, mills, conveyors, 

pumps, fans, blowers, compressors, and so on. As 

a cost effective solution, multilevel converter not 

only achieves high power ratings, but also enables 

the use of low power application in renewable 

energy sources such as photovoltaic, wind, and 

fuel cells which can be easily interfaced to a 

multilevel converter system for a high power 

application.  

The most common initial application of 

multilevel converters has been in traction, both in 

locomotives and track-side static converters [4]. 

More recent applications have been for power 

system converters for VAR compensation and 

stability enhancement [5], active filtering [6], 

high-voltage motor drive [3], high-voltage dc 

transmission [7], and most recently for medium 

voltage induction motor variable speed drives [8]. 

Many multilevel converter applications focus on 
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industrial medium-voltage motor drives [3, 9], 

utility interface for renewable energy systems [10], 

flexible AC transmission system (FACTS) [11], and 

traction drive systems [12].  

The inverters in such application areas as 

stated above should be able to handle high voltage 

and large power. For this reason, two-level 

high-voltage and large-power inverters have been 

designed with series connection of switching power 

devices such as gate-turn-off thyristors (GTOs), 

integrated gate commutated transistors (IGCTs), 

and integrated gate bipolar transistors (IGBTs), 

because the series connection allows reaching 

much higher voltages. However, the series 

connection of switching power devices has big 

problems [13], namely, non equal distribution of 

applied device voltage across series-connected 

devices that may make the applied voltage of 

individual devices much higher than blocking 

voltage of the devices during transient and 

steady-state switching operation of devices.  

As alternatives to effectively solve the 

above-mentioned problems, several circuit 

topologies of multilevel inverter and converter have 

been researched and utilized. The output voltage of 

the multilevel inverter has many levels synthesized 

from several DC voltage sources. The quality of the 

output voltage is improved as the number of 

voltage levels increases, so the quantity of output 

filters can be decreased.  

The concept of multilevel converters has been 

introduced since 1975. The cascade multilevel 

inverter was first proposed in 1975 [14]. Separate 

DC-sourced full-bridge cells are placed in series to 

synthesize a staircase AC output voltage. The term 

multilevel began with the three-level converter [15]. 

Subsequently, several multilevel converter 

topologies have been developed [16]. In 1981, 

diode-clamped multilevel inverter also called the 

Neutral-Point Clamped (NPC) inverter schemes 

were proposed [17]. In 1992, capacitor-clamped (or 

flying capacitor) multilevel inverters, [18] and in 

1996, cascaded multilevel inverters were proposed 

[1], [19]. Although the cascade multilevel inverter 

was invented earlier, its application did not prevail 

until the mid 1990s. The advantages of cascade 

multilevel inverters were prominent for motor 

drives and utility applications. The cascade 

inverter has drawn great interest due to the great 

demand of medium-voltage high-power inverters. 

The cascade inverter is also used in 

regenerative-type motor drive applications [20, 21]. 

Recently, some new topologies of multilevel 

inverters have emerged. This includes generalized 

multilevel inverters [22], mixed multilevel inverters 

[23], hybrid multilevel inverters [24, 25] and 

soft-switched multilevel inverters [26]. These 

multilevel inverters can extend rated inverter 

voltage and power by increasing the number of 

voltage levels. They can also increase equivalent 

switching frequency without the increase of actual 

switching frequency, thus reducing ripple 

component of inverter output voltage and 

electromagnetic interference effects.  

A multilevel converter can be implemented in 

many different ways. The simplest techniques 

involve the parallel or series connection of 

conventional converters to form the multilevel 

waveforms [27]. More complex structures 

effectively insert converters within converters [28]. 

The voltage or current rating of the multilevel 

converter becomes a multiple of the individual 

switches, and so the power rating of the converter 

can exceed the limit imposed by the individual 

switching devices.  

The elementary concept of a multilevel 

converter to achieve higher power is to use a series 

of power semiconductor switches with several 

lower voltage dc sources to perform the power 

conversion by synthesizing a staircase voltage 

waveform. Capacitors, batteries, and renewable 

energy voltage sources can be used as the multiple 

dc voltage sources. The commutation of the power 

switches aggregate these multiple dc sources in 

order to achieve high voltage at the output; 

however, the rated voltage of the power 

semiconductor switches depends only upon the 

rating of the dc voltage sources to which they are 

connected.  

A multilevel converter has several advantages 

over a conventional two-level converter that uses 

high switching frequency pulse width modulation 

(PWM). The attractive features of a multilevel 

converter can be briefly summarized as follows. 

 Staircase waveform quality: Multilevel 

converters not only can generate the output 

voltages with very low distortion, but also can 

reduce the dv/dt stresses; therefore 

electromagnetic compatibility (EMC) problems can 

be reduced.  

 Common-mode (CM) voltage: Multilevel 

converters produce smaller CM voltage; therefore, 

the stress in the bearings of a motor connected to a 

multilevel motor drive can be reduced. 

Furthermore, CM voltage can be eliminated by 
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using advanced modulation strategies such as that 

proposed in [29].  

 Input current: Multilevel converters can 

draw input current with low distortion. 

 Switching frequency: Multilevel converters 

can operate at both fundamental switching 

frequency and high switching frequency PWM. It 

should be noted that lower switching frequency 

usually means lower switching loss and higher 

efficiency.  

Unfortunately, multilevel converters do have 

some disadvantages. One particular disadvantage 

is the greater number of power semiconductor 

switches needed. Although lower voltage rated 

switches can be utilized in a multilevel converter, 

each switch requires a related gate drive circuit. 

This may cause the overall system to be more 

expensive and complex. Plentiful multilevel 

converter topologies have been proposed during 

the last two decades Contemporary research has 

engaged novel converter topologies and unique 

modulation schemes. 

Moreover, three different major multilevel 

converter structures have been reported in the 

literature: cascaded H-bridges converter with 

separate dc sources, diode clamped 

(neutralclamped), and flying capacitors (capacitor 

clamped). Moreover, abundant modulation 

techniques and control paradigms have been 

developed for multilevel converters such as 

sinusoidal pulse width modulation (SPWM), 

selective harmonic elimination (SHE-PWM), space 

vector modulation (SVM), and others. In addition, 

many multilevel converter applications focus on 

industrial medium-voltage motor drives , utility 

interface for renewable energy systems, flexible AC 

transmission system (FACTS), and traction drive 

systems.  

 

II. MUTLTILEVEL INVERTER STRUCTURES 

Importance of multilevel inverter  

A power inverter, or inverter, is an electronic 

device or circuitry that changes direct current (DC) 

to alternating current (AC). The input voltage, 

output voltage and frequency, and overall power 

handling depend on the design of the specific 

device or circuitry.  

The importance of multilevel inverters has been 

increased since last few decades. These new types 

of inverters are suitable for high voltage and high 

power application due to their ability to synthesize 

waveforms with better harmonic spectrum and 

with less Total Harmonic Distortion (THD). 

Numerous topologies have been introduced and 

widely studied for utility of non-conventional 

sources and also for drive  

Main feature of Multi-Level Inverter (MLI) 

1. Ability to reduce the voltage stress on each 

power device due to the utilization of multiple levels 

on the DC bus.  

2. Important when a high DC side voltage is 

imposed by an application (e.g. traction systems).  

3. Even at low switching frequencies, smaller 

distortion in the multilevel inverter AC side 

waveform can be achieved (with stepped 

modulation technique).  

 Advantages of Multi-Level Inverter (MLI)  

A multilevel converter has several advantages 

over a conventional two-level converter that uses 

high switching frequency pulse width modulation 

(PWM). The attractive features of a multilevel 

converter can be briefly summarized as follows.  

1. Staircase waveform quality: Multilevel 

converters not only can generate the output 

voltages with very low distortion, but also can 

reduce the dv/dt stresses; therefore Electro 

Magnetic Compatibility (EMC) problems can be 

reduced.  

2. Common-Mode (CM) voltage: Multilevel 

converters produce smaller CM voltage; therefore, 

the stress in the bearings of a motor connected to a 

multilevel motor drive  

3. Input current: Multilevel converters can draw 

input current with low distortion.  

4. Switching frequency: Multilevel converters can 

operate at both fundamental switching frequency 

and high switching frequency PWM. It should be 

noted that lower switching frequency usually 

means lower switching loss and higher efficiency.  

Unfortunately, the multilevel converters do 

have some disadvantages. One particular 

disadvantage is the greater number of power 

semiconductor switches needed. Although lower 

voltage rated switches can be utilized in a 

multilevel converter, each switch requires a related 

gate drive circuit [40]. This may cause the overall 

system to be more expensive and complex. Plentiful 

multilevel converter topologies have been proposed 

during the last two decades. Contemporary 

research has engaged novel converter topologies 

and unique modulation schemes.  
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In recent years, new industrial applications for 

medium and high voltage motors (which may 

require voltages in megawatts ranges) applied 

these inverters which can be used as an alternative 

to the power of a multilevel converter for high and 

medium renewable energy sources. The use of 

multilevel converters has been started since 1975, 

which is in fact the development of the two-level 

converters. Purpose of the use of multilevel 

converters, access to a high power is the key to a 

series of semiconductor strength and low DC 

voltage sources for energy conversion based on 

elements such as capacitors, batteries and 

renewable energy sources is implemented. Using 

the appropriate switching and considering several 

sources of input DC converters, high voltage can be 

obtained in a multilevel converter output. 

Multilevel converters have advantages and 

disadvantages compared to two level converters 

considering switching frequency and Pulse Width 

Modulation (PWM) can include. 1- Quality of the 

AC output waveform: a multilevel converter cannot 

only produce a voltage output with extremely low 

distortion, also capable of decreased stress dv /dt. 

So the problem of electromagnetic interference 

(EMI) can be reduced. 2 - Less Common Mode 

voltage (CM): less CM voltage multilevel converters 

and therefore less stress on the motor bearings as 

well as semiconductor components connected to a 

multi-level inverter will be reduced. 3 - The input 

source: the use of multilevel converters can already 

having low distortion input sources, problems 

related to power quality in distribution systems to 

overcome. 4 - Switching frequency: multilevel 

converters can be both primary and high switching 

frequency to be used. Lower switching frequency 

usually means higher efficiency as well. The 

disadvantages of multilevel converters can also be 

summarized as follows: 1 - To be expensive due to 

the high number of switching elements (which 

cannot be economically affordable.) 2 - Design 

complexity due to the lack of sufficient knowledge 

(creates problems) 3 - Different techniques for 

controlling converters, multilevel provided. 

Example can be pulse width modulation sine, 

eliminating the harmonic selective modulation 

vector space mentioned. Most important 

applications of inverters multilevel can to drive 

motors, medium voltage, transmission systems AC 

flexible and renewable energy sources are 

connected to the grid . In this section, the 

advantages and disadvantages of multilevel 

converters, kind of actives switch usage, how to 

charge and discharge the closing of diodes and 

capacitors of the converter structure and especially 

for the inverter connected to the grid will be 

reviewed 

 

III. MODULAR MULTILEVEL CONVERTER 

3.1 Description and principle of operation of MMC  

The typical structure of a MMC is shown in Fig. 2, 

and the configuration of a Sub-Module (SM) is 

given in Fig. 3. Each SM is a simple chopper cell 

composed of two IGBT switches (T1 and T2), two 

anti-parallel diodes (D1 and D2) and a capacitor C.  

Each phase leg of the converter has two arms, each 

one constituted by a number N of SMs. In each arm 

there is also a small inductor to compensate for the 

voltage difference between upper and lower arms 

produced when a SM is switched in or out. 

 
Figure 3.1 - Schematic of a three-phase Modular Multi-level 

Converter 

 

With reference to the SM shown in Fig. 3.1 the 

output voltage UO is given by,  

UO = UC if T1 is ON and T2 is OFF  

UO = 0 if T1 is OFF and T2 is ON  

where UC is the instantaneous capacitor voltage.  

The configuration with T1 and T2 both ON should 

not be considered because it determines a short 

circuit across the capacitor. Also the configuration 

with T1 and T2 both OFF is not useful as it 

produces different output voltages depending on 

the current direction. Fig. 3.2 shows the current 

flows in both useful states. In a MMC the number 

of steps of the output voltage is related to the 

number of series connected SMs. In order to show 

how the voltage levels are generated, in the 

following, reference is made to the simple three 

level MMC configuration shown in Fig. 3.3. 
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Figure 3.2 – Chopper cell of a Sub-Module 

 
Figure 3.3 - States of SM and current paths 

 
Figure 3.4 - Schematic of one phase of Three-Level Converter 

 

In this case, in order to get the positive output, 

+UD/2, the two upper SMs 1 and 2 are bypassed. 

Accordingly, for the negative output, - UD/2, the 

two lower SMs 3 and 4 are bypassed. The zero state 

can be obtained through two possible switch 

configurations. The first one is when the two SMs 

in the middle of a leg (2 and 3) are bypassed, and 

the second one is when the end SMs of a leg (1 and 

4) are bypassed. It has to be noted that the current 

flows through the SMS that are not by passed 

determining the charging or discharging of the 

capacitors depending on the current direction. 

Therefore, in order to keep the capacitor voltages 

balanced, both zero states must be used 

alternatively. The voltage waveform generated by 

the three level converters is shown in Fig. 3.5 

 
Figure 3.5 - Voltage waveform of a Three-Level Converter. 

 

The principle of operation can be extended to any 

multi-level configuration as the one represented in 

Fig. 3.6 

 
Figure 3.6 - Schematic of one phase of Multi-Level Converter. 

 

In this type of inverter, the only states that have no 

redundant configurations are the two states that 

generate the maximum positive and negative 

voltages, + UD/2 and –UD/2. For generating the 

other levels, in general there are several possible 

switching configurations that can be selected in 

order to keep the capacitor voltages balanced. In 

MMC of Fig.3.5, the switching sequence is 

controlled so that at each instant only N SMs (i.e. 

half of the 2N SMs of a phase leg) are in the 

on-state. As an example, if at a given instant in the 

upper arm SMs from 2 to N are in the on-state, in 

the lower arm only one SM will be in on-state. It is 

clear that there are several possible switching 

configurations. Equal voltage sharing among the 

capacitor of each arm can be achieved by a 

selection algorithm of inserted or bypassed SMs 

during each sampling period of the control system. 

A typical voltage waveform of a multi-level 

converter is shown in Fig. 3.7. 

 
Figure 3.7 - Voltage waveform of a Multi-Level Converter 
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IV. PHOTOVOLTAIC SYSTEMS 

4.1 Definition  

 A photovoltaic system is a system which uses 

one or more solar panels to convert solar energy 

into electricity. It consists of multiple components, 

including the photovoltaic modules, mechanical 

and electrical connections and mountings and 

means of regulating and/or modifying the electrical 

output [14].  

 

4.2 Photovoltaic Arrangements  

4.2.1 Photovoltaic Cell  

 PV cells are made of semiconductor materials, 

such as silicon. For solar cells, a thin 

semiconductor wafer is specially treated to form an 

electric field, positive on one side and negative on 

the other. When light energy strikes the solar cell, 

electrons are knocked loose from the atoms in the 

semiconductor material. If electrical conductors 

are attached to the positive and negative sides, 

forming an electrical circuit, the electrons can be 

captured in the form of an electric current - that is, 

electricity. This electricity can then be used to 

power a load[16]. A PV cell can either be circular or 

square in construction. 

 
Figure 541 Basic Structure of PV Cell 

 

4.2.2 Photovoltaic Module  

 Due to the low voltage generated in a PV cell 

(around 0.5V), several PV cells are connected in 

series (for high voltage) and in parallel(for high 

current) to form a PV module for desired output. 

Separate diodes may be needed to avoid reverse 

currents, in case of partial or total shading, and at 

night. The p-n junctions of mono-crystalline silicon 

cells may have adequate reverse current 

characteristics and these are not necessary. 

Reverse currents waste power and can also lead to 

overheating of shaded cells. Solar cells become less 

efficient at higher temperatures and installers try 

to provide good ventilation behind solar panels 

[15].  

 

4.2.3 Photovoltaic Array  

 The power that one module can produce is not 

sufficient to meet the requirements of home or 

business. Most PV arrays use an inverter to convert 

the DC power into alternating current that can 

power the motors, loads, lights etc. The modules in 

a PV array are usually first connected in series to 

obtain the desired voltages; the individual modules 

are then connected in parallel to allow the system 

to produce more current [14]. 

 
Figure 4.2 Photovoltaic system [16] 

V. SIMULATION RESULTS 

Conventional circuit: 

 
Fig: 5.1 Distributed MPPT Simulation circuit for single phase 

 
Fig: 5.2 PV Voltage at Multilevel Inverter 

 
Fig: 5.3 Source Current 

2

-

1

+

v
+
-

v
+
-

v
+
-

g D
S

S9

g D
S

S8

g D
S

S7

g D
S

S6

g D
S

S5

g D
S

S4

g D
S

S3

g D
S

S2

g D
S

S12

g D
S

S11

g D
S

S10

g D
S

S1

pv
-

pv
+

PV 

Array2

pv
-

pv
+

PV 

Array1

pv
-

pv
+

PV 

Array

Idca3

Idca2

Idca1

Vdca3

Vdca2

Vdca1

g33g31

g24g22

g23g21

g14g12

g34g32

g13g11

i
+

-

i
+

-

i
+

-
p

n

+

-

p

n

+

-

p

n

+

-



 

 
51     International Journal for Modern Trends in Science and Technology, Volume 3, Special Issue 4, July 2017 

 

 

K.Mounica and M. Ramjee Sakpal : Three Phase Modular Cascaded H-Bridge Multistring PV System 

Proposed Simulation Circuit 

 
Fig: 5.4 Proposed Simulation Circuit 

 
Fig: 5.5 Multistring PV System for single phase 

 
Fig: 5.6 PV Modeling simulation circuit 

 
Fig:  5.7 DC-DC Converter with MPPT 

 
Fig:  5.8 Control Circuit 

 
Fig: 5.9 PV Voltage at Multilevel Inverter 

 
Fig: 5.10Current 

 

TABLE 

Comparison between Conventional and Proposed circuit 

 No. of MPPT 

circuit required 

for 7 level for 

single phase 

No. of MPPT 

circuit required 

for 7 level for three 

phase 

Conventional Circuit 

(Distributed MPPT 

systems) 

3 9 

Proposed Circuit 

(Multistring PV 

System) 

1 3 

 

VI. CONCLUSION 

 A modular 7 level cascaded H-bridge multilevel 

inverter for grid-connected PV applications has 

been presented in this project . The multilevel 

inverter topology will help to improve the utilization 

of connected PV modules if the voltages of the 

separate dc links are controlled independently. 

Thus, a distributedMPPT control scheme  and 

Multistring PV for both single- and three-phase PV 

systems has been applied to increase the overall 

efficiency of PV systems. For the three-phase 

grid-connected PV system, PV mismatches may 
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introduce unbalanced supplied power, resulting in 

unbalanced injected grid current. A modulation 

compensation scheme, which will not increase the 

complexity of the control system or cause extra 

power loss, is added to balance the grid current. 

 Multistring PV System will reduces the overall 

cost by reducing the MPPT circuits to 1/3rd  in the 

overall system. 
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