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 Multilevel inverters can reach the increasing demand for power quality and 
power ratings along with lower harmonic distortion and lesser 
electromagnetic interference (EMI). As the number of levels increases, it is 
important to control more switches in parallel with their concurrent 
processing capability. In this paper space vector pulse width modulation 
(SVPWM) Technique is proposed for the two-level and three-level neutral 
point clamped (NPC) inverter. Due to the geometrical symmetry of six 
sectors, there will be close relationship between on-time arrangements and 
on-time calculations for switches respectively. The two and three level 
inverter is simulated using MATLAB/Simulink and also the experimental 
results are presented for verifying the effectiveness of the system. The use of 
Photovoltaic Cell as source for the NPC Inverter is proposed here in this 
paper. 
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1. INTRODUCTION  

The ever growing demand for Renewable Energy resources is gaining importance day by day. Wind, 
Solar, Nuclear, Hydral etc are some examples of such renewable energies. It is expected that by 2050, 60% of 
our energy requirement will be supplied by these Renewable energy resources. Out of these PV Energy has 
been used in most number of cases as it is distributed over the whole area of the earth and it is available in 
sufficient amount. 

Due to this reason now our focus is on inventing new tropologies of improved inverters. Among 
these tropologies multilevel inverter with PWM control is gaining more importance. They have many 
additional advantages over the other tropologies and are more efficient. 
     The Pulse Width Modulation Technique is also called as “Vector Modulation”, which is based on 
space vector theory, became the most important development in the recent years. Even though, many no of 
pulse width modulation (PWM) methods are created before, the vector modulation technique seems to be the 
best alternative method for a three phase switching inverter, current control applied to converters, loop 
testing in real-time hardware for control design, in controller implementation,  in recovering and separating 
independent source signals, and in neural computation. As the conceptual method of multilevel PWM 
converter was introduced, several modulation techniques have been studied and developed in detail, such as 
multilevel SPWM, SVPWM and multilevel selective harmonic elimination. In these methods, the space 
vector PWM comes out because it gives significant flexibility in optimizing the switching waveforms and 
suitable for digital implementation. 
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d. Find the switching states based on the above step, 
 

 

 
a. Finding the sector in the hexagon: 
Alfa (α) is calculated and then the sector, in which the ref vector V* is located, is determined as;  
If α is in the range of  0° ≤ α < 60°, then  vector V* lies in Sector a, 
If α is in the range of  60° ≤ α< 120°, then   vector V* lies in Sector b, 
If α is in the range of  120° ≤ α < 180°, then  vector V* lies in Sector c, 
If α is in the range of  180° ≤ α < 240°, then   vectorV* lies in Sector d, 
If α is in the range of  240° ≤ α < 300°, then  vector V* lies in Sector e, 
If α is in the range of  300° ≤ α < 360°, then   vector V* lies in Sector f. 
b. Finding the respective region in the sector: 
 
  

 

                

 

 

                                                  (a)      (b) 

Figure 4. Space vector diagram for m1 and m2 in Sector ‘a’. 
 
 
From Figure 4 (b) m1 and m2  in sector ‘a’can be calculated as 

 
And by, 
If  the value of  m1, m2 and (m1+m2) < 0.5, then V* lies in Reg 1, 
If the valve of  m1 > 0.5, then V* lies in Reg 2, 
If  the value of  m2 > 0.5, then V* lies in Reg 3, 
If  the value of  m1 and m2< 0.5 and (m1+m2) > 0.5, then V* lies in Reg 4. 
c. Calculating the respective  switching times for ta, tb, tc:  
      ta, tb, tc switching times of Sector ‘a’ is given in  
 
 

Table 2. Switching times for Sector A 
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d. Finding the switching states based on above step: 
At any time by taking the switching transition of only one switch ; the switching  transition orders  are shown 
below and they are obtained for every region in Sector ‘a’ if all switching transition states in every region are 
used. Therefore, switching states for Sector ‘a’ given below 
Reg 1:-1-1-1, 0-1-1, 00-1, 000, 100, 110, 111 
Reg 2: 0-1-1, 1-1-1, 10-1, 100 
Reg 3: 0-1-1, 11-1, 10-1, 100, 110 
Reg 4: 00-1, 10-1, 11-1, 110 
 

 
Figure 5. Switching States of Sector ‘a’: (a) Reg.1, (b) Reg 2, (c) Reg 3, (d) Reg 4. 

 
 

4. Photovoltaic Arrays  
The Photovoltaic Cells converts the solar energy of the sun to electrical energy i.e. electricity. The 

basic unit of a PV array is a PV cell. The PV cells grouped together to form a PV panels and these PV panels 
can be further grouped together to form a PV array. The PV cells [11] can be either circular or rectangular in 
shape. Each PV cells can be considered as a simple p-n junction diodes and the surface of these diodes are 
exposed directly to the sunlight and in turn the charge carriers are generated which produces electricity. 

 
 

 
Figure 6. Basic Circuit diagram of a PV cell using one diode 

 

 
Figure 7. PV cell using two diode models. 
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The basic diagram of a PV cell is shown in fig.4 and to compensate the error the two diode model is 
also given in fig.4.In this fig the PV cell is represented by a current source and the Rp and Rs is the parallel 
and series resistance respectively. V and I are the output voltage and output current respectively. From the fig 
it is evident that the net current I is the summation of I pv and Id  so 

 
I=Ipv-Id          (4) 
 

Where 
Id=I0 exp (qV/akT) 
I0=Leakage current of the diode. 
q=Electronic charge 
k=Boltzmann Constant 
T=Temperature of the pn junction 
a=Diode identity constant 
The equation (4) is the ideal equation which is a bit different from the practical one. Actually the practical PV 
array is composed of more than one PV cells and so the basic equation requires some additional terms. The 
actual eq is given below 
 

I=Ipv-[exp {V+(RsI/Vta)}-1]-(V+RsI/Rp)      (5) 
 
Where 

 
Vt =NskT/q 
 
This the thermal voltage of the cell with Ns no of cells connected in series. The cells connected in 

parallel increases the current and cells connected in series increases the voltage. The I-V characteristic [13]-
[14] is shown in figure 6 below. From this figure we can easily find that the voltage and current is maximum 
at some point let it be called as MPP. Here as the voltage and current is maximum we can get the maximum 
power at this point. The voltage and current corresponding to this point is Vmp and Imp respectively. 

 
 

 
 

Figure 8. V-I characteristics of an PV cell 
 

 
Table 3. Parameters for PV cell waree ws 100 
Parameters Values 

Maximum Power (Pmax)  10 W  
Voltage at maximum Power (Vmp)  17 V  

Current at max Power (Imp)  0.59 A  
Open Circuit Voltage  21 V  
Short Circuit Current  0.62 A  

Tolerance  5%  
Power Measured at Standard Test Load  1000W/m2 ,25 c ,AM 1.5  

Temperature Co-efficient of Power  -0.47 %I K  
Temperature Co-efficient of Voltage  -0.123 V/K  

Operation Temperature  -40 C to 85 C  
Nominal operating Cell temp  48 o C  
Maximum System Voltage 1000VDC  
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e=electronic Charge (1.602*10^-19C)  
T=Reference operating temperature (20 C) 
Rs=Series resistance (0.001 ohm) 
Id=Reverse saturation current of the diode (0.0002 A) 
The ambient temperature Ta affects the output voltage and photocurrent of the cell and this can be 
represented by two temperature coefficient CTV and CTI and can be represented by 
 

CTV=1+βT(Ta-Tx)         (7) 
 
CTI=1+γT/Sc(Ta-Tx)        (8) 
 

Where βT=0.004 and γT=0.06 and another cell ambient temperature is Tx. Based on this two equation the 
Simulation is carried out. 
The temperature change ∆Tc   occurs due to the change in solar irradiation level and can be given by:- 
 

∆Tc = αc(Sx-Sc)         (9) 
 

Where the constant αc    represents the change in slope of the cell operating temperature due to change in solar 
irradiation level. 
    The new value of cell voltage Vcx and photocurrent Iphx can be obtained for new value of  temperature Tx 
and solar irradiation Sx by the given equation:- 
 

Vcx=CSVCTVVc         (10) 
 

Iphx=CSICTIIph         (11) 
 

 
Where CSV,CTV,CSI,CTI are the correlation coefficients. 
 

 
Figure 11. PV Sub-module for correction factor for current. 

 

 
Figure 12. PV Sub module for determining the PV cell output voltage 
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1.3 Simulation of Multilevel Inverter Integrated with PV Cell by MPPT Algorithm. 
In this algorithm a slight perturbation is introduce system. This perturbation causes the power of the 

solar module changes. If the power increases due to the perturbation then the perturbation is continued in that 
direction. After the peak power is reached the power at the next instant decreases and hence after that the 
perturbation reverses. When the steady state is reached the algorithm oscillates around the peak point. In 
order to keep the Power variation small the perturbation size is kept very small. The algorithm is developed 
in such a manner that it sets a reference voltage of the module corresponding to the peak voltage of the 
module. A PI controller then acts moving the operating point of the module to that particular voltage level. It 
is observed that there some power loss due to this perturbation also the fails to track the power under fast 
varying atmospheric conditions. But still this algorithm is very popular and simple. The PV module is 
connected to the Inverter by a boost converter which is used to increase the DC voltage level. 

 

 
 

Figure 13. MPPT algorithm. 
 
 
The simulation of the whole proposed system is done below. 
 
 

 
 

Figure 14. Simulation of the whole system implemented using MPPT algorithm. 
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The FFT analysis is done here in MATLAB Simulink.As we can see that the THD value decreases 
with as the no of levels increases.Further if we use a filter circuit then the THD value decreases to a very 
effictive level.  
 
 
8. Generation of pulses  in SVPWM using Lab view 
 

 

Figure 21. The genereation of Pulses to fire the Mosfet 
 

The genereation of Pulses to fire the Mosfet is shown in Figure 21.This is done in accordance with 
the SVPWM technique. 

 
 
9. Hardware Setup for 3-phase  3-level inverter 

The whole hardware implimentation is done here for the 3-level inverter.LabView is used here to 
generate the gate pulse and the optocoupler (TLP250) is used here to protect the gates from the negative 
spikes.The transformer set is also use here.While connected the whole circuit we got the output waveform of 
3 phase 3 level inverter and by clicking on the MATH function on the DSO we got the FFT analysis in 
hardware. 

 

 

 
Figure 22. Hardware Setup for 3-phase  3-level inverter 
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Phase voltages of 3-level inverter 
 

 

Phase A Voltage 

 

Phase B Voltage 

 

Phase C Voltage 

Figure 22. Phase voltages of 3-level inverter 
 
 
10. CONCLUSION  

In this paper, the total Harmonics distortion of the two and three level inverter with SVPWM is 
analyzed by RL load. The simulations are done with MATLAB/SIMULINK. Hardware results are also 
verified with experimentation by using labview. The cost savings is further enhanced with the proposed diode-
clamped inverters because of the significant reduction in the total VA ratings of the clamping diodes and in the 
total voltage rating of the voltage-splitting capacitors. These configurations may also be applied in distributed 
power generation involving photovoltaic cells, wind mills, fuel cells etc.  
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