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Abstract: In this paper, an Adaptive Neuro Fuzzy Inference 

System (ANFIS) is proposed to the multilevel inverter to eliminate 
the Total Harmonic Distortions (THD) with a modified cascaded 
inverter. This method prohibits the variations presents in the 
output voltage of the modified cascaded inverter. The work is 
directed to prove that the importance of ANFIS is integrated 
learning for alteration of learning content affording to learners 
desires. The concert of the ANFIS model was calculated by means 
of standard error quantities which shows the ideal setting needed 
for better certainty. The MATLAB Simulink performance point 
out that it is affordable and easy to implement the performance of 
the ANFIS process. The study of different modified cascaded 
inverter consisting of five-level, seven-level, and nine- level is 
carried out for evaluating the THD with ANFIS controller and 
without ANFIS controller is implemented. The learning outcomes 
are based on the study of various system settings; it demonstrates 
the usability of the m-learning application. However, it must be 
noted that the number of inputs increased being considered by the 
model increases the system response time of the system. 

 
Keywords : Multilevel Inverters, Cascaded Multilevel 

Inverter, Adaptive Neuro Fuzzy Inference System, Total 
Harmonic Distortion, Root Mean Square Value. 

I. INTRODUCTION 

Multilevel inverter plays an important role in high power 

and medium voltage applications. The concept behind the 
multilevel inverter can harvest more than two levels at its 
output and provides more benefits like improved output 
voltage spectrum [1]. Particularly these multilevel inverter 
includes its ability to synthesize at higher DC voltages using 
series-connected semiconductor device. Various multilevel 
inverter topologies are introduced in 1980 such as neutral 
point-clamped (NPC) or diode- clamped technology [2], in 
the 1990s the new topologies were introduced. Some of the 
important topologies are NPC multilevel inverter, flying- 
capacitor multilevel inverter, and cascaded H-bridge 
multilevel inverter. However, due to simple construction 
features and other advantages, the NPC topology is widely 
used [3]. 
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In multilevel inverters, as the switching has a number of 
smaller voltages, the wild deviation in voltage is slighter. In 
additional, fundamental switching frequency will also result 
in the decreasing these voltage changes that arise per 
fundamental cycle [4]. However, harmonic elimination is the 
main concern for multilevel inverters. The use of multilevel 
inverters results in a better approximation to a sinusoidal 
waveform because of the increased number of dc voltages. 
These increased the number of dc voltages allows more 
harmonic contents to be eliminated [5]. 

The Total Harmonic Distortion is relatively high for a 
conventional two-level inverter which generates 
synchronization problem with the voltage and reduces the life 
time of the electrical machine [6]. By using the filter circuit 
the problem can be solved on the inverter output which 
complicates the implementation and increases the cost. In the 
multilevel inverter, the modified cascaded inverter can 
mitigate this problem to produce a better performance of the 
output voltage with less THD without using any bulk filter. By 
using suitable topology, the THD can be reduced significantly 
[7]-[12]. 

The modified cascaded inverter for five-level, seven-level 
and nine-level with switching pattern for different level and 
corresponding results are detailed in section 2. The ANFIS 
controller analysis for the different modified cascaded 
inverter and corresponding results are illustrated in section 3. 
Analysis of step response for different levels of the cascaded 
inverter is calculated for each parameter in section 4. THD 
comparison for different levels of the cascaded inverter with 
ANFIS controller and without ANFIS controller is 
differentiated in section 5. The inference is presented in 
section 6. 

II.  MODIFIED CASCADED INVERTER  

In this section, the modified cascaded inverter for 
five-level, seven-level, and nine-level is simulated using 
MATLAB Simulink. In this configurations Multi carrier 
based Pulse Width Modulation (PWM) technique is used to 
produce the converter circuit for triggering pulses. The 
hybridization of phase shifted and level shifted PWM is a 
multi-carrier based PWM technique. This PWM technique 
gives the multi-level inverter self-balancing property [7]-[12]. 

A. Five-Level modified Cascaded Inverter 

The five-level modified cascaded inverter topology is 
demonstrated in Fig.1. This configuration of the modified 
cascaded inverter has a positive  
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Fig. 1. Circuit configuration for Five-level modified 

cascaded inverter. 

Table- I: Switching pattern for five-level inverter 

Switching Pattern 
Output Voltage 

S1 S2 S3 S4 

OFF ON OFF ON +Vdc 

ON OFF OFF ON +2Vdc 

OFF OFF OFF OFF 0 

ON OFF ON OFF -Vdc 

OFF ON ON OFF -2Vdc 

cluster and negative cluster. The positive cluster is conducting 
for giving positive waveform through the load and the sum of 
voltage level Vdc increases with increase in the switches. In 
the circuit configuration, when the switches (S2, S4) is in 
switched on condition and (S1, S3) is switched off, the output 
voltage +Vdc is generated. When the switches (S1, S4) is in 
switched on condition and (S2, S3) is switched off, the output 
voltage +2Vdc is generated. When all of the switches (S1, S2, 
S3, and S4) is switched off, the output voltage +0Vdc is 
generated. When the switches (S1, S3) is in switched on 
condition and (S2, S4) is switched off, the output voltage 
-Vdc is generated. When the switches (S2, S3) is in switched 
on condition and (S1, S4) is switched off, the output voltage 
-2Vdc is generated. The switching pattern of five-level 
modified cascaded inverter is as shown in Table. I. In this 
circuit configuration, the input voltage for each source is 100 
V. Then the output voltage across the load is 200 V. The 
output voltage through the load is illustrated in Fig.2. The fast 
Fourier transform (FFT) analysis of five- level modified 
cascaded inverter is illustrated in below fig .3. From the FFT, 
the THD value is 17.55%. 
 
 

  

 
Fig. 2. Output voltage through the load for Five-level 

Cascaded inverter 

 
Fig. 3. FFT analysis for Five-level Cascaded inverter 
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Fig. 4. Circuit configuration for Seven-level modified 

cascaded inverter. 

B. Seven-Level modified Cascaded Inverter 

The Seven-level modified cascaded inverter topology is 
demonstrated in Fig.4. This configuration of the modified 
cascaded inverter has a positive cluster and negative cluster. 
The positive cluster is conducting for giving positive 
waveform across the load and the number of voltage level 
Vdc increases with increase in the switches. In the circuit 
configuration, the output voltage +Vdc is produced when the 
switches (S3, S5) is in turn on and (S1, S2, S4) is switched off. 
When the switches (S2, S5) is in turn on condition and (S1, 
S3, S4) is switched off, the output voltage +2Vdc is 
generated. When the switches (S1, S5) is in turn on condition 
and (S2, S3, S4) is switched off, the output voltage +3Vdc is 
generated. When all the switches  
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Table- II: Switching pattern for Seven-level inverter 

Switching Pattern 
Output Voltage 

S1 S2 S3 S4 S5 

OFF OFF ON OFF ON +Vdc 

OFF ON OFF OFF ON +2Vdc 

ON OFF OFF OFF ON +3Vdc 

OFF OFF OFF OFF OFF 0 

ON OFF OFF ON OFF -Vdc 

OFF ON OFF ON OFF -2Vdc 

OFF OFF ON ON OFF -3Vdc 

 

 
Fig. 5. Output voltage across the load for Seven-level 

Cascaded inverter 

 
Fig. 6. FFT analysis for Seven-level Cascaded inverter 

(S1, S2, S3, S4, and S5) is switched off, the output voltage 
+0Vdc is generated. The output voltage –Vdc is generated 
when the switches (S1, S4) are switched on and (S2, S3, S5) is 
switched off. The output voltage -2Vdc is generated when the 
switches (S3, S4) are switched on condition and (S1, S2, S5) 
are switched off. The output voltage -3Vdc is generated. The 
switching pattern of seven-level modified cascaded inverter is 
as shown in Table.II. In this circuit configuration, the input 
voltage for each source is 100V. Then the output voltage 
through the load is 300V. The output voltage across the load 
is illustrated in Fig.5. The fast Fourier transform (FFT) 
analysis of seven-level modified cascaded inverter is shown in 
below Fig .6. From the FFT, the THD value is 12.15%. 

C. Nine-Level modified Cascaded Inverter 

 
The Nine-level modified cascaded inverter topology is 

demonstrated in Fig.7. This configuration of the modified 
cascaded inverter has a positive cluster and negative cluster. 
The positive cluster is conducting for giving positive  
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Fig. 7. Circuit configuration for Nine-level modified 

cascaded inverter. 

Table- III: Switching pattern for Seven-level inverter 

Switching Pattern 
Output Voltage 

S1 S2 S3 S4 S5 S6 

OFF OFF OFF ON OFF ON +Vdc 

OFF OFF ON OFF OFF ON +2Vdc 

OFF ON OFF OFF OFF ON +3Vdc 

ON OFF OFF OFF OFF ON +4Vdc 

OFF OFF OFF OFF OFF OFF 0 

ON OFF OFF OFF ON OFF -Vdc 

OFF ON OFF OFF ON OFF -2Vdc 

OFF OFF ON OFF ON OFF -3Vdc 

OFF OFF OFF ON ON OFF -4Vdc 

 
waveform throughout the load and the sum of voltage level 
Vdc increases with increase in the switches. In the circuit 
configuration, when the switches (S4, S6) is in turn on 
condition and (S1, S2, S3, S5) is turned off, the output voltage 
+Vdc is generated. When the switches (S3, S6) is in turn on 
condition and (S1, S2, S4, S5) is turned off, the output voltage 
+2Vdc is generated. When the switches (S2, S6) is in turn on 
condition and (S1, S3, S4, S5) is turned off, the output voltage 
+3Vdc is generated. The output voltage + 4Vdc is generated 
when the switches (S1, S6) are turned on condition and (S2, 
S3, S4, S5) are switched off. The output voltage + 0Vdc is 
generated when all switches (S1, S2, S3, S4, S5, and s6) are 
switched off. When the switches (S1, S5) is in turn on 
condition and (S2, S3, S4, S6) is switched off, the output 
voltage -1Vdc is generated. 
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Fig. 8. Output voltage across the load for Nine-level 

Cascaded inverter 

 
Fig. 9. FFT analysis for Seven-level Cascaded inverter 

generated. When the switches (S2, S5) is in turn on 
condition and (S1, S3, S4, S6) is turned off, the output voltage 
-2Vdc is generated. When the switches (S3, S5) is in turn on 
condition and (S1, S2, S4, S6) is turned off, the output voltage 
-3Vdc is generated. When the switches (S4, S5) is in turn on 
condition and (S1, S2, S3, S6) is switched off, the output 
voltage -4Vdc is generated.  

The switching pattern of five-level modified cascaded 
inverter is as shown in Table.III. In this circuit configuration, 
the input voltage for each source is 100V. Then the output 
voltage across the load is 400V. The output voltage across the 
load is illustrated in Fig.8. The fast Fourier transform (FFT) 
analysis of seven-level modified cascaded inverter is shown in 
below Fig .9. From the FFT, the THD value is 9.27%. 

III. ANFIS CONTROLLER FOR MODIFIED 

CASCADED INVERTER  

Adaptive Network Fuzzy Inference System (ANFIS) 
architecture is visualized in fig. 1 is a fusion arrangement 
combining the learning abilities of Artificial Neural Network 
(ANN) and outstanding knowledge demonstration and 
inference abilities of fuzzy logic (Jang 1993) that have the 
skills to Self-modify the role of membership to achieve 
preferred output [13]. An adaptive network can be assumed to 
understand the fuzzy inference system which incorporates 
virtually all breeds of neural network models. ANFIS 
consumes the hybrid-learning rule and accomplishes intricate 
schemes for decision-making or diagnosis. ANFIS has been 
established as an important tool for tuning Fuzzy inference 
systems of membership functions. [14].  

ANFIS is a humble data learning method that customs a 
fuzzy inference system ideal to convert an agreed effort into 
objective productivity. This prediction involves membership 
functions, fuzzy logic operators, and if-then rules. On the 
other hand, two types of fuzzy systems are generally 
identified as the Mamdani and Sugeno models [15]. 
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Fig. 10. ANFIS Architechre 

There are five focal processing periods in ANFIS operation 
consist of input fuzzification, fuzzy operator application, 
application technique, output accumulation, and 
defuzzification. 

ANFIS exploits “Depiction of aforementioned knowledge 

interested in a fixed limitations in network topology to 
moderate the optimization rifle space”, since “an edition of 
back propagation to the organized network to mechanize 
Fuzzy controller parametric tuning” and Fuzzy Systems to 
enhance the performance of Neural Networks. The fuzzy 
controller's development task is to recognize and function 
well in the presence of distractions and uncertainties [16]. 
ANFIS batch learning technique is used to model membership 
functions, which leads to tuning a FIS based on a set of 
input-output data pairs with a back propagation algorithm. 
ANFIS is typically a multilayer feedforward network where 
each node performs a specific function (node function) on 
incoming signals. [12]. Two inputs ' x ' and ' y ' and one output 
' z ' are considered for simplicity. Suppose there might be two 
fuzzy if-then rules of Takagi and Sugeno type in the rule base 
(Jang 1993): 

 
Rule 1: IF x is A1 and y is B1 THEN f1=P1x+Q1y+R1 
Rule 2: IF x is A2 and y is B2 THEN f2=P2x+Q2y+R2 

 
Layer-1: 

 O1, i is the output of the ith node of the layer-1. 
 Every node is an adaptive node with a node function 

in this layer 
O1, i = µAi (x)     for i = 1, 2, or  
O1, i = µBi-2 (x)   for i = 3, 4 

 x (or y) is the input node I and the linguistic label Ai 
(or Bi-2) associated with this node 

 Therefore Ol,i = is a fuzzy set's membership grade 
(A1, A2, B1, B2).  

 Typical membership function:  

i
A

i
i

1
 = 

c
1 b

µ

a

(x)
x 

 

 

 The parameter set are ai, bi, ci.  
 Parameters are defined to as premise parameters.. 

Layer-2: 
 Every node is fixed whose output (representing firing 

strength 0 is the quality of the inputs: 
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i i2,i A BO   x · y ,  i = 1,  2i µ µ    

 Each node signifies the fire strength of the rule. 
 It is possible to use any other T-norm operator that 

executes the AND operator. 

Layer-3: 
 Every node in this layer is labeled as a fixed node. 
 The ith node calculates the ratio of the ith rule firing 

strength to the sum of all rule’s firing strengths. 

3,i 
1 2

O   ,  i = 1,  2i
i


  

 
 

 Outputs are termed firing strengths that are 
standardized. 

Layer-4: 
 In this layer, each node I is an adaptive node with a 

node function: 

4,i O   ( )i i i i i if p x q y r       

 i  is the standardized firing strength from layer-3. 

 The parameter set of this node is ( )i i ip q r  . 

 These parameters are referred to as consequential. 

Layer-5: 
 The single node in this layer is a fixed node labeled 

sum, which calculates the overall output as a 
description of all incoming signals. 

5,i O   i ii
i ii

ii

f
f


  







 

A. ANFIS controller five-level modified cascaded 
inverter 

The Fig.11. Shows the Root Mean Square (RMS) value and 
reference voltage value. It can be noticed from the figure that 
the reference voltage is initially kept as 100 V and then raised 
to 142 V after 6Sec. Fig.12, Output Voltage for five-level 
cascaded inverter with ANFIS. It could be observed that the 
pulse width in the initial part of the voltage is smaller (while 
the reference voltage is 100 V) and the pulse width rises to 
142 V after 6sec to increase the output voltage. The RMS 
value and reference voltage value of five-level modified 
cascaded inverter using ANFIS controller is also obtained in 
Fig.11. The minimum voltage reference is kept at 100 V and it 
is maintained till 6sec. 

B. ANFIS controller seven-level modified cascaded 
inverter 

The Fig13. Shows the value and reference voltage value of 
the Root Mean Square (RMS). From the figure, it can be 
noticed that the reference voltage was initially maintained as 
150 V and then increased to 212 V after 6sec. Fig. 14 shows 
the output voltage for seven-level cascaded inverter with 
ANFIS. It can be noticed that the pulse width in the initial part 
of the voltage is lower (even though the 
reference voltage is 150 V) and the pulse width rises to 212 V 
after 6sec to increase the output voltage. The RMS value and 
reference voltage value of seven-level modified cascaded 
inverter using ANFIS controller is also obtained in Fig.13. 

 

 
Fig. 11. Reference and RMS output voltage for a 

Five-level inverter with ANFIS 

 

Fig. 12. Output voltage for Five-level cascded inverter 
with ANFIS 

The minimum reference voltage is kept at 150 V and it is 
maintained till 6sec. 

C. ANFIS controller Nine-level modified cascaded 
inverter 

The Fig.15. Shows the value of the Root Mean Square 
(RMS) and the reference voltage. It can be noticed from the 
figure that the reference voltage is initially held as 200 V and 
then increased to 283V after 6sec. Fig. 16 shows the output 
voltage for nine-level cascaded inverter with ANFIS. It could 
be observed that the pulse width in the initial part of the 
voltage is less (while the reference voltage is 200 V) and after 
6sec the pulse width increases to raise the output voltage to 
283V. The RMS value and reference voltage value of 
nine-level modified cascaded inverter using ANFIS controller 
is also obtained in Fig.15. The minimum reference voltage is 
kept at 200 V and it is maintained till 6sec. 

IV. STEP RESPONSE FOR DIFFERENT LEVELS OF 

CASCADED INVERTER 

The step response parameters consisting with Rise Time, 
Settling Time, Overshoot, Peak value, Peak Time and RMS 
Voltage values using Adaptive Network Fuzzy Inference 
System (ANFIS) for five-level, seven-level, and the nine-level 
modified cascaded inverter is differentiated in table. IV.  

 
 
 
 



 
Modified Cascaded Inverter using ANFIS Controller with Reduced Number of Switches  

577 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: B6525129219/2019©BEIESP 
DOI: 10.35940/ijitee.B6525.129219 
Journal Website: www.ijitee.org 

 

 
Fig. 13. Reference and RMS output voltage for a 

seven-level inverter with ANFIS 

 

Fig. 14. Output voltage for seven-level cascded inverter 
with ANFIS 

 

 
Fig. 15. Reference and RMS output voltage for a 

nine-level inverter with ANFIS 

 

Fig. 16. Output voltage for nine-level cascded inverter 
with ANFIS 

V. THD FOR DIFFERENT LEVELS OF CASCADED 

INVERTER 

The THD for different levels of cascaded inverter without and 
with ANFIS controller is illustrated in the table. V. The study 
of THD value without ANFIS controller is 17.55% and with 
ANFIS controller is 14.52% for the five-level inverter, for 
seven-level 12.15% of without controller and 9.66% of with 
controller, for nine-level 9.27% of without controller and 
5.49% of with controller. From this analysis increasing the 
levels, THD is decreased. 

Table- IV: Step response for different levels of cascaded 
inverter 

Parameter 5-Level 7-Level 9-Level 

Rise Time(s) 6.9048 7.2192 6.6101 

Settling Time(s) 9.7472 9.9177 7.6665 

Overshoot(V) 0 0 0.0078 

Peak value(V) 142.2812 211.5321 282.3222 

Peak Time(s) 11.9415 11.9868 10.2327 

RMS Voltage(V) 142.3 212 282.3 

 
Table- V: THD for different levels of cascaded inverter 

without and with ANFIS controller 
levels Without ANFIS controller With ANFIS controller 

5-Level 17.55% 14.52% 

7-Level 12.15% 9.66% 

9-Level 9.27% 5.49% 

VI. CONCLUSION 

This paper described proving the significant change in the 
percentage of THD and a reduced number of switches through 
the circuit configuration of five-level, seven-level, and 
nine-level modified cascaded inverter. The analysis of this 
circuit configuration for the different modified cascaded 
inverter is done for both with ANFIS controller and without 
ANFIS controller. ANFIS controller techniques are claimed 
to provide better performance by the system at the inverter 
output voltage to eliminate the harmonics. The possibility of 
this method is addressed and THD results are compared for 
the different modified cascaded inverter. This study 
demonstrates the possible value of ANFIS with hybrid 
learning. The concert of ANFIS was calculated by means of 
typical error quantities which exposed the ideal setting 
required for better probability. In Future research, 
membership function type and numbers, inputs, rules, usage 
of epoch numbers, to refine further training samples in the 
ANFIS model. In the future, it can increase the possibility of 
emerging more effective. 
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