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 The transient and steady state analysis of Modified Three Phase Multilevel 

Inverter (MMLI) for Photovoltaic (PV) system fed from single DC input is 

presented in this paper. The transient and Steady state conditions of modified 

three phase multilevel inverter are analyzed using Proportional Integral (PI) 

and Fuzzy Logic Controller (FLC) with change in irradiance level of PV 

panels. The three phase multilevel inverter  is designed with reduce number 

of power semiconductor switches, components, single DC input  

and effectively controlled by using Space Vector Pulse width Modulation 

technique (SVPWM). The obtained results are validated using 

MATLAB/Simulink. Finaly, semiconductor switches and componets 

utilization of MMLI is compared with other similar topologies. 
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1. INTRODUCTION 

Photovoltaic sources make use of power electronics technology in order to effectively transfer the 

PV energy into useful power. In response to the growing demand for medium and high power applications, 

Multilevel Inverters (MLIs) have been drawn more attention in PV systems in the recent years [1],[2]. There 

are three types of MLI topologies are: Diode clamped, capacitors clamped (Flying capacitor) and cascaded H-

Bridge [3]-[5]. Among the MLIs, cascaded H-Bridge inverters have been considered in this work [6]. 

Classification of cascaded H- Bridge is based on the number of input DC sources, configuration of output 

side transformers, Number of power semiconductor switches and their control techniques. As far as DC 

sources are concerned, all the DC sources having an equal voltage ratio are called symmetrical inverter and 

DC sources which have unequal voltage ratio is called asymmetrical inverters [7].The presented MMLI is 

constructed using 15 power semiconductor switches for a five level inverter, use single DC input and only 

one three phase transformer.  

The three phase multilevel inverter is modified from the references [8]-[10]. The transient and 

steady state performance of MMLI is analysed using PI and FLC controller and results are obtained and 

verified using MATLAB/Simulink. Generalized block diagram of MMLI is shown in the Figure 1. 
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Figure 1. Block diagram of Modified three phase MLI 

 

 

2. PHOTOVOLATIC SYSTEM 

PV cell is a semiconductor device that converts solar energy in electrical energy is termed as 

Photovoltaic cell and the phenomenon is called as Photovoltaic effect [11],[12]. To construct solar panel, 

solar cells are connected series and parallel combination for obtained higher energy levels. The electric 

power generated by a solar PV array fluctuates depending on the operating conditions and field factors such 

as the sun’s geometric location, irradiation levels and ambient temperature. The Figure 2 shows the single 

diode model of PV cell. The typical I-V characteristic of a PV array is given by the following equation. 

 

I= IpIph NpId*   (
  

     
  )+                                                (1) 

 

Where: Iph- Cell photo current, Id - Reverse saturation current of diode, Rp- Shut resistance, Rse-Series 

resistance. PV cells are assembled in higher units called PV modules, which are further interconnected in 

parallel-series combination is called PV array.  The PV panels are used as an input DC source for the system 

and obtain of the maximum power from the PV panel is necessary. So in order to get the maximum power 

from the PV panel Perturb and observe (P&O) a maximum power point technique (MPPT) has been  

used [13]. 

 

 

 
 

Figure 2. PV cell equivalent circuits 

 

 

3. BOOST CONVERTER 

The MMLI topology uses the PV tied boost converter. The output of the PV panels is given to the 

boost converter. The boost converter consists of a smoothing inductor    , MOSFET (    and diode (   . 
The design of an inductor and the DC bus capacitor plays an important role and higher frequency is chosen 

for designing the inductor, in which the volume of the inductor can be reduced. Furthermore, interference can 

be minimized through the selection of higher frequency ranges.  The DC-DC boost converter is used to 

increase required the voltage level.  This is done by changing the duty cycle of a MOSFET. The equivalent 

circuit of the boost converter is shown in the Figure 3. 
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Figure 3. Equivalent circuit of boost converter 

 

 

4. MODIFIED THREE PHASE MULTILEVEL INVERTER TOPOLOGY 

The power circuit diagram of PI/ FLC based three phase five level PV inverter along with the 

common DC source system is presented in [14] and it is illustrated in Figure 4. 

 

 

 
 

Figure 4. Power circuit of MMLI fed from single DC source 
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It comprises of a PI/FLC based control system; PV tied boost converter, three phase five level 

inverter, a single DC input, three phase transformer. The DC bus formed by connecting two capacitors is 

connected in series and both are equal values. The output voltage of each single inverter mainly depends on 

the voltage range of DC bus. Usually, DC bus voltage should be fixed higher than the output voltage of the 

inverter. Each single phase inverter is constructed with normal H-Bridge inverter along with auxiliary 

inverter. Here auxiliary consists of single power switch along with four power diode [10]. The auxiliary 

inverter and one leg of H-bridge inverter operate at carrier frequency range and another leg of H-Bridge 

inverter is operating fundamental frequencies.  Each single phase inverter can generate five level output 

voltage from common DC bus. The outputs of the inverters are given to the 1:1 three phase 12 terminal 

transformers and then fed to the three phase grid.  

 

 

5. SIMULATION RESULTS AND DISCUSSION 

The presented PI/FLC based MMLI for PV application with single DC input is simulated in a 

MATLAB/Simulink. The MMLI is controlled by using PI/FLC and performances of MMLI have been 

evaluated through FLC. Moreover, performances of FLC are validated and compared with conventional PI 

controller. The MMLI is designed with 400V rms and 5.5A rms.  The solar panel is used as a input source 

and DC-DC boost converter with P&O algorithm is used to track the MPP from PV panel at different 

climatic condtionds. Inoder to generate PWM pulses to the inverter switches, by comparing to reference 

signals (SVPWM) and high frquency carrier signal [15] is shown in the Figure 5. The  performances of 

MMLI is examined through both transient and steady state conditions.    

 

 

 
 

Figure 5. PWM Pulse Generations 

 

 

5.1. Stady state anlysis  

The steady-state analysis of the proposed MMLI is discussed in this section. The appropriate current 

controller and control loop is needed for proper synchronization of three phase grid. In current control loop 

the reference (  
 ) is tracked from MPPT algorithm and (  

 ) is set to zero. The actual (  ) and (  ) is generated 

from the inverter current using park transformation. Now the actual and reference direct currents (  ) and (  
 ) 

is compared and the error of direct current (   ) is given as input to the PI/FLC. Similarly the quadrature 

current error is given to the input of PI/FLC. The direct and quadrature current errors (           ) are shown 

in Figure 6. 

 

 

 
 

Figure 6. Direct and quadrature current errors  
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The controlled error               of PI/FLC is shown in Figure 7. As shown from the figure the 

FLC based tuning approch is effectively optimize the error with minimal steady state error compared with PI 

controllerbased tuning approach. The controlled output (           ) i.e. two phase quantity is superimposed 

with grid components and further transformed into three phase quantity using inverse park transformation. As 

shown from the Figure 8 the DC bus voltage of MMLI is tightly regulated using FLC with minimal peak over 

shoot and peak under shoot. The utilization of the DC bus voltage is significantly improved compared to the   

PI controller. 

The achieved power quality indices like Power Factor (PF) and reactive power of MMLI are shown in 

Figure 9 and 10 respectively.  The achieved PF is maintaining near unity when the FLC based current control 

method, consequently reactive power also minimized compared with PI controller based tuning method. The 

three phase reference voltage is generated from the current control loop is processed with logical operation 

for create the five level output.   

 

 

  

Figure 7. (a) Vid and Vid of PI-Fuzzy (b) Viq and Viqof PI-Fuzzy 

 

 

 

Figure 8. DC Bus Voltage (Vdc-PI and Fuzzy) 

 

Figure 9. Power factor  

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Reactive power 

 

 

5.2. Transient state analysis 

The transient analysis of MMLI is obtained by sudden variation of solar irradiation and reference 

current is shown in Figure 11 (a) and (b). Five level output voltage and current is shown in the Figure 12 (a) 

and (b) It is observed from the Figure 12 (a) and 12 (b), the amplitude variation of the inverter voltage and 

inverter current clearly shows the efficient closed loop control of the active power filter system. Power factor 

of the both PI and FLC controller is shown in the Figure 13. It observed that, power factor of the MMLI is 

nearest unity.   
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(a) (b) 

Figure 11. Transient state conditions a) Solar irradiation b) Reference current (  
 )  

 

 

(a) (b) 

Figure 12. Transient state condition a) Five level output b) Inverter current 

 

 

 
 

Figure 13. Power factor 

 

 

The solar irradiation waveform is shown in Figure 11. In order to evaluate the dynamic performance 

of the system the full irradiation (1W/m
2
) is maintained till 0.3 Sec., and then the solar irradiation is suddenly 

reduced (0.6W/m
2
) from 0.3 sec. to 0.6 sec as shown in Figure 11 (a). Figure 11(b) shows the corresponding 

reference (  
 ) current from MPPT algorithm. The three phase fivelevel inverter output voltage is equal to 325 

V peak and it is shown in Figure 14. The filterd three phase inverter current (7.7Apeak) and voltage 

(575Vpeak) is shown in the Figure 15. It is shows that, sinusoidal current waveform is inphase with grid 

voltage.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Five level output voltage 
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Figure 15. Three phase voltage and current 

 

 

5.3. Comparison of semiconductor devices and components 

Table 1 shows the comparison of a number of power devices used in this topology with three 

topologies existing topologiesas referred in [7]-[9]. The device comparison mainly includes the power 

semiconductor switches, number of input DC source, and transformer used. This topology uses only 15 

switches (Exculding boost converter), one transformer, a single input DC source, and two DC link capacitors. 

So, totally 19 numbers of devices and components are used.  From the Table.1, it is clearly observed that the 

proposed MMLI uses lesser device utilization compared to others. This in turn would result in lesser 

complexity and cost.  

 

 

Table 1. Semiconductor devices and components comparison of the proposed MMLI with others 

References 

Number of  Power Devices 

Switches Transformers 
Input DC 

sources 

DC bus 

Capacitors 
Total 

[7] 24 - 6 6 36 

[8] 24 6 1 1 32 

[9] 24 2 1 1 28 
Proposed Topology 15 1 1 2 19 

 

 

In comparison with the other topologies, the presented topology has comparatively lesser number of 

components and the least number of conducting devices and operated in faster. The DC bus voltage of the 

proposed system is effectively utilized because of the implementation of SVPWM technique and the 

proposed MMLI was controlled by using both PI and FLC and their results were compared. The proposed 

MMLI uses a single DC source for the entire PV inverter and only one three phase transformer. Hence, size 

and cost of the proposed MMLI is reduced considerably. 

 

 

6. CONCLUSION 

In this paper presents transient and steady state analysis of modified three phase multilevel inverter 

for PV system. The presented PI/FLC controlled MMLI topology has been designed and simulated using 

MATLAB/Simulink. Simulation results prove that, the steady and transient state performances of MMLI 

have been evaluated with PI/FLC. FLC offer significantly improved performance interms of perk overshoot, 

peak undershoot and setting time. Hence, designed FLC gives better performance compared with PI 

controller. 
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