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Abstract: In this paper a three level inverter is introduced operated with FIS control for optimized operation for 

performance improvement connected to a solar panel. Three level or NPC are a family of multilevel power 

converters that are characterized by the use of clamping diodes for guaranteeing the proper voltage sharing across 

the power switches. A fuzzy logic controller with 49 rule base is introduced for the generation of reference signals 

compared to high frequency triangular waveforms for generation of pulses for the inverter. The PV module is 

modeled in MATLAB simulink environment connected to the inverter for renewable application. The output 

results are generated by graphs with respect to time.  
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I.   INTRODUCTION 

MOST industrial processes need to increase efficiency and reduce production costs. This is achieved by increasing the 

size of installations and increasing the power of all electrical machines and equipment. This increase in power is reached 

in two ways: 1) by developing high-voltage semiconductors with voltage blocking capabilities of 3300, 4500, and 6500 V 

and2) by developing a multilevel inverter. Now, it is possible to directly connect the power converter to the medium-

voltage (MV) network. At low voltage, there is a single topology that dominates the market: the voltage-source two-level 

inverter. However, at medium and high voltages, the situation is completely different. A wide variety of topologies share 

the market and the applications of industrial MV drives [1, Fig. 1]. In effect, for high-power applications, it is possible to 

use direct converters (cyclo-converters) or indirect converters (with current or voltage dc link). 

The continuous development of high-voltage insulated-gate bipolar transistors (IGBTs) and integrated-gate commutated 

thyristors (IGCTs) and the application of these power semiconductors in several multilevel voltage-source converter 

(VSC) topologies have led to a drastic increase of the nominal voltage and power ratings of self-commutated converters in 

recent years. Pulsewidth modulation (PWM) VSCs have replaced thyristor-based converters in a wide range of 

applications. This is largely due to substantial system advantages, such as increased availability due to ride through 

capability and/or a redundant converter design, drastically improved dynamic performance, extended operating range, 

reduced line harmonics, and an adjustable power factor at the point of common coupling. 

Highly popular are the voltage-source multilevel inverters, which can be divided into three categories, according to their 

topology: neutral point clamped (NPC), flying capacitor (FLC), and cascade H-bridge [1], [2].Among the high-power 

converters shown in Fig. 1, the NPC inverter introduced 25 years ago is the most widely used in all types of industrial 

applications [3], [4], in the range of 2.3 to4.16 kV, with some applications up to 6 kV. 

This paper presents a survey of the most relevant developments of this topology: concerning the modulation strategies and 

control methods, as well as the efficiency and use of power semiconductors. New topologies like the active NPC (ANPC) 

inverter are also discussed. Special attention is paid to the use of these inverters in non-regenerative and regenerative 

applications. Finally, the future of development in operation, control, and applications is highlighted. Fig.1 shows the 

power circuit of the three-level diode-clamped inverter. The clamping diode dc is used to connect the neutral point N to 

the midpoint of the transistor. This neutral N, generating an additional voltage level, yields the name “three-level 

inverter.” 
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Fig. 1: Neutral Point converter or three level inverter 

In this paper, FLC is suggested to enhance the performance of three-level inverter as result to optimize the whole system 

performance. FLC is used to modify the magnitude of direct and quadrature (d-q) current and to optimize the angle of 

current. Finally, the power quality is increased based on proposed FLC.  

II.   WORKING PRINCIPLE OF NPC 

Fig. 2 shows the power circuit of the three-level diode-clamped inverter. The clamping diode dc is used to connect the 

neutral point N to the midpoint of the transistor. This neutral N, generating an additional voltage level, yields the name 

“three-level inverter.”  

 

Fig. 2: Single leg operating state 

Fig. 3 shows the switching state that generates a positive voltage, at a load terminal. In this case, transitions Sa1 and Sa2 

are switched ON, giving the value VaN = Vdc/2, where Syx isthe inverted signal of Syx (x =1, 2 and y = a, b, c), in order 

to avoid forbidden states, like short circuits. Table I shows the conduction state to be generated. 

 

Fig. 3: Switching and output voltage generation 
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Carrier-Based Three-Level PWM Modulation [5]–[9],: This highly popular method is based on the comparison of a 

sinusoidal reference υ∗ with two carriers υcr1 and υcr2.As shown in Fig. 4, the logic is very simple 

 ∗      
 
⇒                      

   
 

 

      
∗      

 
⇒                         

 ∗      ⇒                         
   
 

 

Today, the research on this modulation method is focused on the search for optimal switching sequences [5], operation at 

low modulation index [6], adaption to new topologies [7], [8], and reduction of common mode voltage [9]. 

 

Fig. 4: Carrier based PWM modulation 

III.   FUZZY LOGIC CONTROL 

The FIS control structure is introduced with seven membership functions two input variables and two output variable with 

similar membership functions. The input variables are modeled with „gauss‟ type membership functions [14] and the 

output variable is modeled with „triangular‟ type membership functions. The FIS modeling is shown in figure 7 below.  

 

Figure 5: FIS modeling 
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In the above figure ZE is zero region, PS is Positive Small region, PM is Positive medium region, PB is positive big 

region, NS is negative small region, NM is negative medium region, NB is negative big region. The first input variable is 

error (E) [15] set with a range -400 to 400, and second variable change in error (CE) is set with a range -1 to 1. The output 

variable is set with a range of -4 to 4. As per the membership functions the rule [15] is given as 

TABLE I: 49 rule base 

 

With the above If-and-If-then rule base the PI controller is replaced with FIS module and the results are compared in the 

next section with graphical representation plotted with respect to time.  

In this method, the three phase input voltage and current a,b,c are converted to direct and quadrature current d-q frame 

based on park transformation for more simplicity, and to convert from non-linear to linearity. The switching signal of 

three level inverters is determined based on the error between the reference current d-reference and actual current d-

actual. In this case, the FLC has two inputs, the first input is error and the second input is change of error with two outputs 

the magnitude of current and the angle. 

IV.   SIMULATION RESULTS 

The below figure 6 is the simulation model of the proposed circuit topology with PV panel at the input.  

 

Fig. 6: Proposed NPC with solar panel input 

The figure 7 is the modeled control system of the proposed topology FIS control generating magnitude and phase angle of 

the reference signal. The reference signal is fed to carrier based PWM for generation of 12 pulses for the inverter.  

 

Fig. 7: FIS control for the inverter 
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The rule base generation with given membership functions is shown in figure 8.  

 

Fig. 8: Rule base generation for the FIS 

 

Fig. 9: Output Line to ground voltages of a b c phases 

The above are the voltage output of the inverter without LC filter with three level of voltages generated as per expected 

results. And the figure 10 is the filtered three phase voltages of the inverter.  

 

Fig. 10: Filtered voltage of abc phases 

As per the given load the PV panel voltage and current waveforms are shown below in figure 11.  

 

Fig. 11: PV panel characteristics 
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Fig. 12: THD of output voltage 

The above is the THD analysis of the output voltage after filtering using LC filter carried out using FFT analysis tool.  

V.   CONCLUSION 

It can be considered that the NPC inverter is a completely mature topology today, very well established in high-power 

applications.The problem of balance in the capacitor voltages, originally considered as a drawback of this topology, is 

definitely solved using redundant states. Classical carrier based pulsewidth modulation has been the preferred modulation 

techniques for operation with low switching frequency, as demanded by this topology. The field of application of NPC 

inverters is permanently growing due to their compactness, efficiency, and good performance. The THD of the output 

voltage is maintained at 3.67% which is below 5% as per the IEEE standard. All the results are generated by powergui 

toolbox with respect to time using Simpowersystem block sets.  
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