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Abstract: This paper deals with simulation of PV based seven level asymmetric multilevel inverter with boost converter 
using maximum power point tracking algorithm. Maximum power point tracking (MPPT) techniques are used in 
photovoltaic (PV) systems to maximize the PV array output power by tracking continuously the maximum power point 
(MPP).In this paper perturb and observe (P&O) is employed. The carrier based PWM is employed for the proposed 
multilevel Inverter. A detailed study of proposed PV based inverter is carried out in MATLAB /SIMULINK and the results 
are verified. 
Index terms: THD, PWM, maximum power point tracking (MPPT), perturb and observe (P&O), photovol taic (PV). 
 
 
I. INTRODUCTION 
 
A photovoltaic array converts sunlight in to 
electricity. The voltage and current available at the 
terminals of the PV array may directly feed small 
loads such as lighting systems and DC motors.  More 
sophisticated applications require electronic 
converters to process the electricity from the array. 
These converters may be used to regulate the voltage 
and current at the load, to control the power in 
gridconnected systems and mainly to track the 
maximum power point (MPP) of the array. 
Converters with the maximum power point tracking 
(MPPT) feature use an algorithm to continuously 
detect the maximum instantaneous power of the PV 
array. Because the operating condition of the array 
may change randomly during the operation of the 
system an MPPT algorithm is necessary so that the 
maximum instantaneous power can be extracted and 
delivered to the ac load through multilevel inverter. 
One of the advantages of multilevel Inverter is that it 
enable the interface of renewable sources such as 
photo voltaic, wind and fuel cells in the dc input 
portion of the multilevel inverter. 
Multilevel inverter is to synthesize a near sinusoidal 
voltage from several levels of dc voltages typically 
obtained from capacitor voltages. As the number of 
level increases, a synthesized output waveform has 
more steps, which produce staircase wave that 
approaches a desired waveform. The topology 
considered for this work is the cascaded H-bridge 
inverter which requires several independent dc 
sources. Normally, each phase of a cascaded 
multilevel inverter requires “n” dc sources for 2n+1 
level. An aim to reduce the number of dc sources 
required for the cascaded multilevel inverter, this 
paper focuses PV fed asymmetric cascade MLI with 
MPPT algorithm using fixed frequency carrier based 
PWM that uses unequal dc sources in each phase to 
generate a seven level equal step multilevel output. 
To track the maximum power from PV array using 

P&O. This structure is favourable for high power 
applications which gives low THD for increased 
modulation Index. 
 
System Composition 
The system explained in this paper is categorized into 
three individual systems:- 
1. Generating a dc signal using photovoltaic system 
2. Tracking maximum power from PV using MPPT. 
3. Step up of generated DC signal using boost 
converter. 
4. Pulse pattern generation. 
5. Conversion of DC signal to AC signal using single 
phase asymmetric MLI. 
 
II. PV MODELLING 
 
Modeling of a solar cell is done by connecting a 
current source in parallel with an inverted diode along 
with a series and a parallel resistance as shown in 
Fig.3. The series resistance is due to hindrance in the 
path of flow of electrons from n to p junction and 
parallel resistance is due to the leakage current. The 
output characteristic of a PV module depends on the 
solar insulation, the cell temperature and the output 
voltage of the PV module. Since PV module has non-
linear characteristics, it is necessary to model it for 
the design and simulation of Maximum Power Point 
Tracking (MPPT) for PV system applications. The 
equivalent circuit of single diode model shown in 
Fig.1.The current source ILrepresent the cell photo 
current. Rsh and Rs are the shunt and series 
resistances of the cell respectively.  
The simulink model of PV module is shown in Fig.2 

 
Fig.1 Equivalent Circuit of PV Cell 
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The equation (1) is the current output of photovoltaic 
I=IL-I0 (e(v+IRs)/VT.a)-1-V+RsI/Rsh --------------(1) 

 
Fig.2.Simulink model of PV module 

 
The I-V and P-V output a characteristic of PV 
module at 1000W/m2 and 500W/m2 irradiation is 
shown in Fig.6 
a t 25 o C is shown in Fig.7. 

 
Fig.4.P-V characteristics of PV module 

 
As the irradiance level is inconsistent throughout the 
day, the amount of electric power generated by the 
solar module is always changing with weather 
conditions. To overcome this problem, Maximum 
Power Point Tracking (MPPT) algorithm is used. It 
tracks the operating point of the I-V curve to its 
maximum value. Therefore, the MPPT algorithm will 
ensure maximum power is delivered from the solar 
modules at any particular weather conditions. In this 
proposed inverter, Perturb & Observe (P & O) 
algorithm is used to extract maximum power from the 
modules . The flowchart for MPPT is shown in 
Fig.5and the simulink model for P&O algorithm is 
shown in Fig.6. 

 
Fig.5.. Flowchart for Perturb and Observe method 

 
Fig.6. Simulation Diagram of P&O algorithm 

 
III. B O O S T CONVERTER 
 
In boost converter the output voltage is greater than 
input voltage . In this model a power IGBT is 
considered in boost converter as shown in Fig. 
7.output of the boost 
converter as shown in fig.8. 

 
Fig.7. Simulink model for boost converter 

 
Fig.8.Output voltage of boost converter 

 
IV. SYMMETRIC CASCADED H-BRIDGE 

MULTILEVEL INVERTER 
 
This paper focuses on an asymmetric topology which 
uses only two DC sources i.e. the first bridge voltage  
value is V/2 and the second bridge voltage value is V 
then the output will be a seven- level voltage 
waveform. 
The proposed topology consists of two H-bridges as 
shown in Fig.9. By appropriately opening and closing 
the switches of H1, the output voltage V1 can be 
made equal to - Vdc , 0, + Vdc. Similarly the output 
voltage V2 of the second bridge H2 can be made 
equal to - 0.5Vdc, 0 , 0.5Vdc .Therefore, the output 
voltage of the MLI have the values of -1.5 Vdc, -Vdc, 
-0.5Vdc, 

 
Fig.9. Asymmetric (7- level) cascaded multilevel inverter 
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V. PHASE DISPOSITION PWM 
TECHNIQUE FOR CASCADED 
MULTILEVEL INVERTER 

 
It is generally accepted that the performance of any 
inverter, with any switching strategy can be related to 
the harmonic contents of its output voltage. There are 
many control techniques reported in literature for 
cascaded multilevel inverter. But the popularly used 
modulation method is the multicarrier PWM 
technique. Phase Disposition (PD) PWM technique is 
the generally used method in cascaded multilevel 
inverter as it gives a reduced THD.In this paper, fixed 
frequency carrier based PWM is proposed which uses 
the conventional sinusoidal reference signal and the 
carrier signals with same frequency[13]-[14]. To 
implement a m-level inverter, (m-1) carriers are used. 
There are six distinct carriers with same frequency 
and with the same magnitudes; the difference 
between the carriers is that they are all displaced by a 
set of DC offset. From the six carrier signals each 
will have same frequency. The carrier signals C1 to 
C6 have same frequency. The pulses are generated 
when the amplitude of the modulating signal is 
greater than that of the carrier signal as shown in 
fig.10. generated pulse pattern of asymmetric MLI 
with same frequency as shown in fig.11. 

 
Fig.10. Carrier and reference sine waveform for fixed 

frequency carrier b a s ed modulation technique 

 
Fig.11. Pulse pattern of asymmetric MLI with same frequency 
 
VI. SIMULATION RESULTS 
 
Fig.12 and fig.13 shows the MATLAB/SIMULINK 
diagram and output waveform of the proposed single 
phase PV based seven-level asymmetric cascaded 

multilevel inverter. The FFT spectrum of the load 
voltage and current is found using the FFT analysis 
tool is shown in Fig.14 and fig.15 respectively and 
the THD of voltage 
and current are 19.27%,7.33% respectively.fig.16. 
and fig.17. shows current THD, voltage THD vs 
modulation 
Index graph. 

 
Fig.12. Simulation Diagram of 7-level asymmetric multilevel 

inverter interfaced with PV 

 
Fig.13.Seven level output voltage and current of PV inverter 

under open-loop condition 

 
Fig.14. FFT Analysis of load voltage of seven level Inverter 

 
Fig.15. FFT Analysis of load current of seven level Inverter 
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Fig.16.Voltage THD vs ma Graph for fixed frequency carrier 

based PWM 

 
Fig.17.Current THD vs ma Graph for fixed frequency carrier 

based PWM 
 
CONCLUSION 
 
This paper discussed about the simulation of PV 
based seven-level asymmetric cascaded multilevel 
inverter 
with intermediate boost converter. The PV array 
output power delivered to the load can be maximized 
using P and O control algorithm. The boost converter 
is allowed to work in continuous mode and the 
switching sequence of multilevel inverter is decided 
by a PWM generator which uses a PDPWM 
technique. Total Harmonic Distortion analysis was 
performed with different modulation indices for 
inverter output voltage with open loop configuration. 
From the FFT analysis, it is observed that THD is less 
for the proposed PDPWM technique and therefore, 
asymmetric multilevel inverter is a suitable topology 
for photovoltaic applications. 
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