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Abstract 

The low frequency generated in the power system reduces the overall efficiency of the system to a greater extent and also causes 

various other problems. This project is developed to reduce the harmonics to a greater extent. This involves the implementation of 

two-level cascaded inverter with the elimination of 3rd and 5th harmonics using micro-controller (P89V51RD2), Multi-level 

inverters operate with low frequency and highly efficient than PWM inverters because of low switching losses. H-Bridge inverter 

provides a significant advantage over other multi-level inverter topologies. It consists of less number of components with an 

optimized circuit layout. The circuit has been simulated in MULTISIM software. MOSFET (IRF630FP) is used as power 

switching device. Fourier analysis has been made to eliminate the 3rd and 5th harmonics. Opto-coupler (4 pin DIP 817B) provides 

the necessary gate driving voltage and is used to overcome the common ground problem. The switching sequences are carefully 

calculated, used effectively. All the MOSFETs are utilized equally and dc sources provide proper input voltage. 
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1. Introduction 
Any periodic waveform can be shown to be the super 

position of a fundamental and a set of harmonic 

components. The magnitudes of these components are 

obtained by applying Fourier transformation. The 

frequency of each harmonic component is an integral 

multiple of its fundamental. 

 

 
 

Fig 1: Fourier series representation of a distorted waveform 

 

Filters are used to eliminate harmonics. The size of the 

filter increases when the order of harmonics decreases. It 

occupies more space for the increased size of filter, needs 

cooling system and is cost effective. Hence it is important 

to eliminate the low frequency harmonics. There are 

several methods to indicate the quantity of harmonics 

content. The total harmonic distortion (THD) is a 

common method to identify the amplitudes of the 

harmonics (Mh). The function of an inverter is to change 

a dc input voltage to a symmetric output voltage of 

desired magnitude and frequency. The output voltage 

waveforms of ideal inverters should be sinusoidal. 

However the waveforms of practical inverters are non-

sinusoidal and contain certain harmonics. Generally the 

inverters can be classified into Voltage source inverters 

and Current source inverters. 

A half-bridge is the simplest topology, which is used to 

produce a two-level square wave output waveform. A 

center-tapped voltage source supply is preferred with 

two-well matched capacitors in series to provide the 

center tap. The full-bridge topology is used to synthesize 

a three level square-wave output waveform. The output 

waveforms of half-bridge and full-bridge of single-phase 

voltage source inverter are shown in fig 2 and 3 

respectively. 

 

 
 

Fig 2: Output waveform of half-bridge configuration 

 

 
 

Fig 3: Output waveform of full-bridge configuration 

 

High-switching frequency along with various pulse-width 

modulation (PWM) strategies is used to obtain a quality 

output voltage or a current waveform with a minimum 
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amount of ripple content with limitations in operating 

under high frequencies mainly due to switching losses 

and constraints of device ratings.  

 

 
 

Fig 4: A sinusoidal PWM waveform 

 

2. Cascaded Multi-level inverter 

The device is used to develop and to synthesize an 

approximate sinusoidal waveform from several levels of 

dc voltages. As the number of voltage levels increase, the 

synthesized output waveform has more steps, which 

produces a staircase wave that approaches towards a 

desired waveform.  

 

 
 

Fig 5: Schematic of multi-level inverter by a switch 

The increase in the step of the wave form cause an effect 

to decrease the harmonic distortion of the output 

waveform. A series of H-Bridge (single-phase, full-

bridge) inverter is used to construct a cascaded multilevel 

inverter unit. The general function of this multilevel 

inverter is to synthesize a desired voltage from several 

separate dc sources (SDCSs), which may be obtained 

from batteries, fuel cells, or solar cells. Fig 6 shows the 

basic structure of a single-phase cascaded inverter with 

SDCSs. The ac terminal voltages of different level 

inverters are connected in series. 

 

 
 

Fig 6: Single-phase multilevel cascaded H-bridge inverter 

 

3. Proposed Inverter 

3.1 Circuit Configuration 

 

 
 

Fig 7: Typical two-level inverter 

 

A typical two-level H-Bridge cascaded inverter with two 

separate voltage sources V1 & V2 and eight power 

electronic switches is shown in the fig 7. By correctly 

switching on and off the ppropriate switches at correct 

instants the desired wave form is obtained as shown in 

the fig 10.  
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Fig 8: Typical output voltage of a two-level multilevel inverter 

 

The switching sequences must be selected in such a way 

that both the sources are equally utilized and also all the 

eight devices are equally used.  

 
Table 1: Switching techniques for various voltage levels 

 

Voltage level S1 S2 S3 S4 S5 S6 S7 S8 

+V (V1) 
1 0 0 1 1 1 0 0 

1 0 0 1 0 0 1 1 

+V (V2) 
1 1 0 0 1 0 0 1 

0 0 1 1 1 0 0 1 

+2V 1 0 0 1 1 0 0 1 

0V 

1 1 0 0 1 1 0 0 

1 1 0 0 0 0 1 1 

0 0 1 1 1 1 0 0 

0 0 1 1 0 0 1 1 

-V (V1) 
0 1 1 0 1 1 0 0 

0 1 1 0 0 0 1 1 

-V (V2) 
1 1 0 0 0 1 1 0 

0 0 1 1 0 1 1 0 

-2V 0 1 1 0 0 1 1 0 

 

4. Fourier Analysis and Harmonics Elimination 

4.1 Fourier Series for Periodic Function 

Under steady-state condition, the output voltage of power 

converters is, generally, a periodic function of time 

defined by 

 

vo(t) = vo (t + T)      (1) 

 

where T is the periodic time. If f is the frequency of the 

output voltage in hertz, the angular frequency is 

 

 = 2 /T = 2f    (2) 

and Eq.(1) can be rewritten as 

 

vo(t) = vo (t +2)    (3) 

 

The Fourier theorem states that a periodic function vo(t) 

can be described by a constant term plus an infinite series 

of sine and cosine terms of frequency n where n is an 

integer. Therefore, vo(t) can be expressed as  

 

vo(t)= a0/2+∑ (ancos nt + bnsin nt);  (4) 

 

n varies from 1 to infinity where a0/2 is the average value 

of the output voltage. The constants a0, an and bn can be 

determined from the following expressions: 

a  0=
1

    (5) 

 

a   n =
1


  (6) 

 

b   n =
1


  (7) 

 

If the output voltage is half-wave symmetry, the number 

of integrations within the entire period can be reduced 

significantly. A waveform is half-wave symmetry if the 

waveform satisfies the following condition: 

 

vo(t) = -vo (t + )     (8) 

 

In a waveform with half-wave symmetry. The negative 

half-wave is a mirror image of the positive half-wave, but 

phase shifted by T/2 s (or  rad) from the positive half-

wave. These do not have even harmonics (i.e., n = 2, 4, 6, 

…) and possess only the odd harmonics (i.e., n = 1,  3, 5, 

….). Due to the half-wave symmetry, the average value is 

zero (i.e., a0 = 0). Moreover if the wave is symmetric 

about y-axis, it contains only cosine terms (i.e., bn = 0) 

and if the wave is anti-symmetric, it contains only sine 

terms (i.e., an = 0). 

 

4.2 Harmonics Elimination 

Due to the quarter-wave symmetry along the x-axis, both 

Fourier coefficients a0 and an are zero. We get bn as 

 

 (9) 

 

  (10) 

 

Which gives the instantaneous voltage von(t) of nth 

component as 

 

  (11) 

 

The THD of the output voltage is minimized by properly 

selecting the conducting angles a1 and a2. The conducting 

angles are selected so as to eliminate the 3 rd and 5th 

harmonics. Initially the simple gauss-siedel iteration 

method is used to solve the above equations. But iteration 

starts oscillating between two values. So a slight change 

is introduced in the normal iteration procedure. A simple 

C++ program is developed to solve the above equations.  

The use of micro-controller in this work is to generate 

accurate on/ off pulses for all the eight MOSFETs. It is 

very compact, occupies very less space, allows 

reprogramming of time-delays, and is very reliable. The 
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P89V51RD2 is an 80C51 microcontroller with 64 kB 

Flash and 1024 bytes of data RAM. 

Switching sequence should be selected so as to equally 

utilize both the voltage sources and to equally use all the 

eight MOSFETs. The switching sequence is shown in fig 

9. The MOSFETs are equally used, that is, four times per 

cycle. 
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1 2

2

MOSFETs switched ON:

 
 

Fig 9: Switching sequence 

 

Since all the outputs are taken from port 0, it is unable to 

drive the opto-coupler. To avoid this problem, anode is 

connected to the source voltage of micro-controller and 

cathode is connected to the ports. So, to drive an opto- 

coupler LED, the port pin should be at 0-level not at 1-

level. The port 0 output values are calculated based on 

the above idea. 

 

 
 

Fig 10: Output waveform of port 0, pins 0-7, from top to down 

 

5. Simulation and hardware implementation  
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Fig 11: Circuit simulated in MULTISIM
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The Fourier analysis has been done in the output (stepped) waveform using MULTISIM software. 

 

 
 

Fig 12: Fourier analysis – Magnitude of each component 

 
Table 2: Magnitude of each harmonic component 
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From the above table 2 the harmonics dominating are 7, 11, 13, 17, 19, etc.  

 

 
 

Fig 13: The whole experimental setup 

 

The output of the inverter is connected to a resistive load. 

The waveform is seen using a CRO. 

 

 
 

Fig 14: Output waveform 

 

6. Conclusion 

The hardware of two-level cascaded inverter was 

successfully implemented and found that the 3rd and 5th 

order harmonics are eliminated. It is observed that the 

required output is achieved. It is found that the system is 

more suitable for the dc-ac conversion from batteries, 

fuel cells and solar cells. In this proposal a least number 

of components are used when compared to the other 

multilevel inverter topologies. Optimizing the circuit 

layout and packaging are easily possible because the 

circuits for all the levels are same. This two-level inverter 

has only 8 transitions in each cycle, but a PWM inverter 

of same type needs 10 transitions. Moreover in each 

transition only half of the voltage is applied across the 

MOSFET so switching loss is halved. Thus switching 

loss is substantially reduced when compared to PWM 

inverters. 
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