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ABSTRACT 

 There is a wide use of multilevel converters 

as they can be used with high power and 

high voltage applications. A multilevel 

converter consists of large number of 

voltage levels in load  voltage and load 

current. A multilevel converter has number 

of various advantages like good quality of 

output voltage waveform, smaller values of  

inductor and capacitor in passive filters. The 

output consists of less harmonics. Reduction 

in total harmonic distortion can be obtained  

with the help of multilevel converter. Using 

learning algorithm like neural network, 

output voltage is controlled. Error in the 

reference voltage and output voltage is 

reduced. Neural network replaces the PI 

controller completely. A reduction in THD 

in output voltage and output current can be 

obtained by neural network by large margin 

as compared to PI controller. This increases 

the wide application of AC motor as load as 

it reduces torque pulsation and RF/EMI 

effect. It increases the efficiency by 

reducing power losses.   
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ortion; Sinusoidal pulse width modulation; PI Controller; Neural Network. 

 

1. INTRODUCTION 

The use of high power is increased very 

widely in industrial applications. Now days 

there is requirement of quality power[1]. A 

multilevel converter is consists of several 

levels of dc voltage as inputs and produces a 

required voltages. This technology of 

multilevel converter is growing at rapid rate. 

Multilevel converter is very widely used 

with non-conventional energy sources like 

wind, solar. PV cells are widely used as 

input sources to the  multilevel  converter.      

The output of multilevel converter consists 

of different steps of smaller voltage. It has 

lower switching losses. The output consists 

of lower harmonic components. It can 

generate high power as required by 

application. It generates high power quality 

[4]. Multilevel inverters can be used with 

high frequency and low frequency PWM. 

But high frequency PWM shows   high 

frequency switching losses and lower 

efficiency and low frequency PWM results 

in low  losses and  higher  efficiency [5]. 

The use of multilevel converter is highly 

associated with windmills. It is widely used 

in pumps, conveyor, grid and HVDC. These 

are the following various topologies 

suggested for multilevel inverters like 

cascaded multi cell with different dc 

batteries, diode clamped and capacitor 

clamped[6]. These various mechanisms 

suggests the way of generation of output 

voltage and current [7]. Cascaded H- bridge 

consists of different power converter units 

connected in series. With this type of 

connection voltage level and power level 

can be scaled easily.Diode- clamped inverter 

uses a group of series capacitors [8]. Flying 

capacitor uses capacitors in floating 

conditions to clamp the voltage levels, 

instead of series connected capacitors [9]. 

Cascaded H-bridge inverters neither use 

flying capacitors nor clamping diodes but   

isolation transformers to provide the 

isolation among   different input  

voltagesources. 

 

There are various modulation methods and 

control mechanisms used for the control 

purpose in multilevel converter. For 

examplepulsewidthmodulation of 

sinusoidal type (SPWM), selective 

harmonic elimination using PWM (SHE-

PWM), space vector modulation (SVM), 

and others[10], [11]. Each unit power 

converter requires different switching 

angle. To generate switching angle, 

sinusoidal pulse width modulation is used 

with high carrier frequency. Average 

output voltage should remain unaffected. 

Various advantages likelowquantityripples 

in inputcurrent,lower values of filter 

capacitor and  filter inductor, decrease in 

outputvoltageTHDand a large gain  in 

desiredboostfactor are offered by 

multilevel converter [12]. 

Also,manymultilevelconverters 

arefocusedonapplicationssuchas medium 

and low  voltagemotordrives in industrial 

application [13], interface in which 

renewable energy is the requirement of various 

systems [14],  transmission systems in 
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which flexible AC is used (FACTS) and 

traction drive systems [15], [16]. 

Improvement in the good power quality in 

the distribution network, 

shuntActiveFilters used for voltage 

usingPI,PIDand Fuzzy Logic Controller 

(FLC) for power line 

conditioners(PLC)havebeensuggested[17].

Desired value of output voltage levelto  

provide  thepowerforavariation in 

loadswithaminimumTHD, adeadbeat-

basedproportional-integral(PI)controller 

withbatterycellasthe mainenergysourcefora 

stand-alone single-phase inverter with 

voltage source  has been suggested[18]. 

A special single phase nine-level inverter 

chooses configuration with full bridge by 

using compatible sinusoidal modulation 

method  as in the case of  power circuits. 

The output voltage is increased from zero 

to  four times vdc in steps of Vdc and again 

decreased from four times Vdc to zero. In 

negative half cycle output varies from zero 

to  four times -Vdc and the again to zero in 

steps of Vdc. Byusingappropriatefrequency 

for carrier and relations for switching the  

contents of the harmonic  in 

outputvoltagearecalculated.Therefore, 

significant reduction in harmonicsis obtained 

to a  great extent. 

This paper explains and demonstrated  an 

nine levelinverterin 

whichoutputvoltagecanbeobtained in nine 

levels. The harmonic content can be 

decreased if  the numberof output levels in 

the output voltage which results in the 

reduction of THD. New switching 

strategies is 

suggestedbydesigningalternativecircuittop

ologicalstructures and by proposing 

suitable control method in order to reduce 

THD.Inviewoftheinherentmerits, 

CascadedH-

bridgeinverterandSPWMcontrolstrategy 

are used in this work. We use cascaded H-

bridge inverter topology in which four 

reference signals are used to obtain PWM 

signals for the power electronic devices 

(switches).     

A neural network is used to control the 

harmonic content present in load voltage and 

load current. Neural network is trained using 

data sets obtained with the use of  P-I 

controller. Voltage controlled feedback is 

used in this scheme. The application of 

neural networks is recently growing in the 

power electronics and drive areas. In 

inverters voltage control is used ac drives 

application. In this paper harmonic 

elimination  in PWM inverter is suggested. 

The switching angles to generate the output 

voltage is used. These angles are used in 

PWM to generate the pulses. 

 After the introduction in section 1, Section 

2 explains  cascaded H-bridge multilevel 

inverter topology. The two sections 3 and 4 

show the simulation results that ensures the 

correct functioning of  the inverter with the 

neural network. Conclusion of the work 

done so far and final remarks are made in 

Section 5. 
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2. CASCADED H-BRIDGE NINE 

LEVEL INVERTER 

 

 
 

Figure 1: connection schematic of a single 

phase cascaded H- bridge Nine level 

Inverter 

 
Figure 2: load voltage waveform of a 

cascaded nine level Inverter 

 

Fig. 1 and 2 show the Schematic diagram 

and  voltagewaveform across the load 

ofasingle-phasecascadedh-bridge 

ninelevelinverter. A  single phase nine 

level inverter is constructed in which there 

is a requirement of four identical 

converter units.Four converter units are 

connected in series. Each power converter 

unit is applied with dc voltage source of 

same magnitude During the positive half cycle 

of output voltage two switches namely(S11,𝑆 12 

) goes into on state and two switches 

namely (S12,S 11)goes into the  off-state.Similarly 

,during the negative half cycle of output 

voltage switches (S11,𝑆 12)remains 

intheoff-state,and  switches(S12,𝑆  11) 

goes into theon-state andviceversa. The 

output of multilevel converter consists of 

nine voltage level starting from zero to 

four times vdc and from zero to negative 

four times of vdcagain back to zero  

Cascaded H-bridge inverter which is a 

series of single unit of power converter  

connected to another.  Each unit of power 

converter is responsible to generate one 

level in positive side and one level in 

negative side of output voltage. 

The number of levels present in output 

voltage is the sum of levels in positive 

side, negative side and zero level. The 

number of level be denoted by m and let n 

be  the number of power converter units in 

a particular multilevel inverter, then 

number of levels in output voltage are 

given by, 

               m=2n+1                   (1)                                                   

 

3. GENERATION OF PULSES USING 

NEURAL NETWORK 
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PI controller can be used above has 

limitations. The output of PI controller is 

continuous. Therefore for small change in 

the load can not minimize the error signal. 

We propose the technique based on learning 

algorithm. Output voltage control for wide 

range of output voltage range is to be 

achieved. For the change in load values 

constant output voltage is to be maintained.       

Therefore the various data values for input 

and output of PI controller are collected in 

.mat file to train the neural network. The 

neural network mimics the human brain. 

Input output combinations can be used with 

very  small interval. The output of  ANN 

block is applied to PWM generator to 

generate pulses to trigger MOSFETs. 

  The neural network can be used as robust 

controller. Constant output voltage is the 

requirement of loads specially for AC 

motors.   The ANN used here is proved to be 

a good replacement of PI controller. The 

ANN used has two hidden layer, one input 

layer and one output layer. Each hidden 

layer consists of ten neurons and both input 

and output layers consist of five neurons.  

 

ANN output determines the switching 

angles of the nine level CHB inverter. A 

NARX (Nonlinear Autoregressive with 

external Input) model is used for ANN. 

There are NAR(nonlinear Autoregressive) 

and Nonlinear Input-output models are also 

available. In NARX model feedback is used 

with external input. As feedback is used in 

NARX model error is minimized to low 

value. A neural network is trained by a data 

samples collected with the use of PI 

controller. The Modulation index used here 

is 0.8. In ANN dynamic time series model is 

employed. The values of gain used for PI 

controller has  0.1 as proportional gain and 

0.01 as integral gain.  The total data samples 

used are 29981. Data samples and error 

histogram obtained are shown in fig. 5 and 

Fig. 6 respectively. From the error histogram 

it is shown that error lies in the acceptable 

limits. The tested data gives the output very 

close the calculated data. The simulation is 

done with Matlab Simulink. The parameters 

for the Matlab simulation used are shown in 

Table 1. The LC filter is used for filtering 

before the application of voltage to the load. 

The neural network output is fed to  the 

PWM generator as modulating signal. Very 

high frequency is used to generate the gating 

pulses. The very high frequency gating 

pulses are generated to minimize amplitude 

of nearby odd order harmonics. Using FFT 

analysis it shown very clearly that THD 

content in output voltage and current is 

minimized.   

 
Figure 3:  Neural Network structure 
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Figure 4: Neural Network structure used 

 

 

 
Figure 5:  Data samples 

 

 
 

Figure 6: Error Histogram 

NARX model is used for neural network. 

 

4. SIMULATION RESULTS   

MatlabSimulink is powerful tool to 

simulate the circuit. Mosfets are used with 

snubber circuits are used, The on state 

voltage drop here is very less by selecting 

very less value on state resistance. PWM 

generator block is selected with internal 

generation of carrier signal with very high 

value of carrier frequency in the order of 

27*50 Hz. The reference signal has the 

frequency of 50 Hz and peak amplitude of 

200V. The 50 V dc input voltage is used 

for each converter.   

 

The performance of the ANN based  

cascaded H-bridge nine level inverter with 

isolated dc sources is determined through 

MATLAB/ SIMULINK software. The 

elements and the parameters considered for 

simulation are presented in table 1. The 

simulation without ANN and with ANN is 

carried out for comparison.  

 
Figure 7:Voltage waveform and FFT 

Analysis for Output Voltage Waveform(PI 

ontroller) 

Themainpower circuitconsistsof fourH-

bridges. The  dc voltage used for each 

cascaded H-bridge module is 50 V and the 

ninelevelsteppedoutputvoltage is 

achieved. The total harmonic distortion 

present in output voltage is reduced by 

Table 1: Simulation parameters 

Parameters Values 

Levels in load voltage 

waveform 

4 

Power Electronic Switches 

(Mosfets) 

16 

Battery potential of DC source used for 

single H-bridge unit 

50 V 

Fundamental frequency 50Hz 

Switching Frequency 1350 Hz 

Load resistor 100 Ohm 

Load inductor 40mH 

Filter inductor 40mH 

Filter capacitor 50 microfarad 
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great extent. The calculation of THD is 

calculated using FFT analysis. 

 

 
Figure 8: Current waveform and FFT 

Analysis for Output Current Waveform(PI 

Controller) 

 

 
Figure 9: Voltage waveform and FFT 

analysis ANN based Multilevel converter 

 

Figure 10: Current  waveform and FFT 

analysis ANN based Multilevel converter 

PWM block has the facility to determine the 

modulation index which is the ratio of peak 

of modulating signal to peak of the carrier 

signal. With this block, amplitude frequency 

and phase delay is adjusted.  The shape of 

the output voltage waveform is decided by 

selecting the parameters of the PWM block. 

Ripples are reduced and efficiency of the 

DC to AC conversion is increased. In 

Multilevel converter it is possible to deliver 

very high voltage and good quality of power 

with less harmonics with the help of Neural 

Network. The resistive-inductive 

loadsareconnectedacrossthecascadedH- 

bridge nine levelinverter. Output voltage 

remains constant to the reference value. 

The total harmonic distortion is 5.39 %. The 

total harmonic distortion in current 

waveform is 12. 23 % with the PI controller 

whereas with the help of ANN. The THD 

content in voltage and current waveform is 

reduced to 11.65 % and 3.66 respectively. 
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Table 2: Comparison of various 

techniques 

Sr. 

No. 

Implemented 

Techniques 

THD in 

o/p 

current 

THD in 

o/p 

Voltage  

voltage 

1 Voltage 

feedback 

PWM 

12.38% 5.39 % 

2 Voltage 

feedback 

PWM using 

ANN 

11.65% 3.66% 

 

 

5.  CONCLUSION 

The  implementation of PI  control 

strategies for single phase cascaded h-

bridge nine 

levelinverterhavebeencarriedout using 

Matlab Simulink.  The data obtained with PI 

controller is used to train the ANN.   ANN used 

proved  to be more advantageous than PI controller.  

With the result it is proved that the THD in output 

voltage and current is less as compared with the use 

of PI controller. The ANN controller can be used 

with the load like AC motor in which high 

efficiency and less  value of  THD is required for 

high performance of  AC motor. 
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