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Abstract 

Multilevel inverters have become more convenient over the last years in electrical high power 

applications because, their outputs are closer to sinusoidal. The cascade H-bridge inverter (CHB) 

is very popular then other multilevel inverter because its control method is very easy when 

compared with others. In this paper new approach of seven levels Space vector modulation (SVM) 

is utilized to produce required fundamental voltage in CHB.  For minimized total harmonic 

distortion (THD), switching parameters tuned by meta-heuristic algorithms and this value has 

been compared with arbitrary values. The simulation results have been carried out using 

MATLAB/SIMULINK Software. 
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1. INTRODUCTION  

Multilevel Inverters divided the main dc supply voltage into several smaller dc sources which are used to 

compound an ac voltage into a stair case, or stepped, approximation of the desired sinusoidal waveform 

[1]. There are three main types of multilevel inverters: Diode clamped Inverter-Capacitor clamped inverter 

-cascade inverter. 

To combine a multilevel waveform, the ac output of each of the different level H-bridge cells is connected 

in series [2]. the cascade multilevel converter consists of m full bridge topology which has been connected 

series to produce high level voltage. Figure1 illustrates the schematic diagram of single phase m level 

cascaded inverter using H-bridge cells and separate DC sources. 

As been illustrated, value of output voltage in each phase is given as fallow: 

1 2 ....o o o omV V V V                         (1) 

Cascade H-bridge converter classified into symmetrical and unsymmetrical, with consider of its input DC 

voltage. If all dc voltage source is equal to same value, it introduces symmetrical in other wise introduced 

as an asymmetrical. With consider m number of cell, converter output voltage level (N) shown as follow:  

2 1N m                                                                            (2) 

One of major problem in multilevel inverter is utilization   of great number of switching device to have 

high level inverter and output same to sinusoidal waveform. 

This number of device raises the total cost of device. In order to has a tradeoff between cost and quality of 

multilevel inverter most of literature introduce new topology with reduced number of devices recently.in 

[3] new topology with reduced number of devices has been introduced which used in this paper. Figure 2 

Illustrated basic unit for a sub-multilevel which proposed with author. 
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Figure 1. Single Phase N Level Cascade H-Bridge Inverter 

 

Figure 2. Basic unit used in multilevel inverter 

  

Table I shows the value of Vo for feasible state of switches S1 and S2. 

Table I. FEASIBLE state of switches and their output voltage 

 

Figure 3 shows the single phase cascade H-bridge inverter with proposed base unit. 

State Switches State Unit Output Voltage 

1 S1 S2 Vdc 

1 0 

2 0 1 0 
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Figure 3. Single Phase Cascade H-Bridge with basic proposed unit 

Output voltage for represented circuit with considers all feasible states to switches have been achieved like 

fig 4. 

In this figure all dc voltage source of each unit considered in equal value. 

 

Figure 4. Output Waveform of 5 Levels 

As be seen clearly achieved from figure 4, wave form for completion need to negative side.it is feasible by 

adding full bridge topology to indicated circuit. Figure 5 shows complete circuit. [4].  

 

Figure 5. Topology which has both positive and negative sides 

As author indicates in [3], needed IGBTs number in this topology achieved like (3) [5,6]: 

1

_ 2 1

step

step

N m

IGBTS Number N

 

  
                                                                 (3) 

Where: 

stepN  : inverter output levels 
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m : number of series unit 

Figure 6 illustrates capabilities of the proposed converter in reduction of the number of the switches. [7,8]. 

 

Figure 6. Comparison Between Presented Cascade Multilevel with Conventional Multilevel Inverter 

2.  SPACE VECTOR SWITCHING ALGORITHM  

There is more kind of switching algorithms, such as: Sinusoidal pulse width modulation (SPWM), 

Hysteresis-band current control, space vector modulation (SVM) and etc. All of them have their advantages 

and disadvantages. They use in various implement with consider their proper features. 

Among them, Space vector modulation provides more fundamental outage voltage as compared with other 

modulation methods. An advantage of the SVM is the instantaneous control of switching states and the 

freedom for select vectors in order to balance the NP. Space vector modulation used in three phase voltage 

source inverter in application such as: induction motors. It provides a constant switching frequency and 

therefore the switching frequency can be adjusted easily. The determination of the switching instant may 

be achieved using space vector modulation technique based on the representation of switching vectors in

 ,   plane.  

The concept of space vector is derived from the rotating field of AC machine which is used for modulating 

the inverter output voltage. Space vector modulation which used in two levels inverter demonstrated in 

most number of literatures. But its application in high level inverters such as 3, 5… Levels are difficult 

because of switching pattern complication. 

In next section space vector modulation for proposed seven levels Cascade H-bridge inverter described. 

[9]. 

3.   PULSE GENERATING AND DWELL TIME CALCULATION   

 In this paper, SVM is used for pulse generating of seven levels cascade h-bridge inverter. In figure 7 space 

voltage diagrams for 3, 5 and 7 levels inverter is depicted in which triangle number for seven level space 

vector are 216. [10] 
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Figure 7. Space Voltage Diagram for 3,5,7 Levels inverter 
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In this algorithm to facilitate the calculation, all of them transferred to 60 coordinate system as show in 

figure7  
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Where V  and V   are the peculiarities of reference vector in the 60
tune system and V ,   are its 

amplitude and phase angle respectively. As clearly shown in equation (4), reference vector amplitude and 

angle have important role in space vector modulation. So, objective function in this paper considers tuning 

these two parameters in optimal value to achieve best switching pulse. 

Θ 
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Figure 8. Space Vectors in 60 Coordinate System (Sector I) 

For fast determination of reference vector location in this paper do as following way [11]: 

If reference vector V lies in triangular ABC such as fig (8) and lower rounded value of specific vector 

detected with lr(V), to determine the location of the reference vector, the coordinates of the space vector 

VK, VKα=lr(Vα
*) and VKβ=lr(Vβ

*) will be used [12]. 

Based on VK, the coordinates of space vector VA, VB, VC can be calculated by:  

( , ) (V 1, V )

( , ) ( , 1)

( , ) ( 1, 1)

B B K K

A A K K

C C K K

V V

V V V V

V V V V

   

   

   

 

 

  

                                                 (5) 

If reference vector lies in ABC , with consider volt-second balancing principle, dwell time for each vector 

achieved like : 

*

*

( 1 )

( 1 )

B K s

A K s

C s B A

T V V T

T V V T

T T T T

 

 

   

   

  

                                                             (6) 

Where , ,B A CT T T are the dwell times of the vectors , ,B A CV V V  respectively and sT  is sampling time. 

The relationship between space vector and its switching states, is defined as follow: 

, 1, 2,..., 1,a

b a

c a

V k k k k k

V V

V V



 

      

 

  

                                               (7)  
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Where α, β are indicates space vector. 

K is obtained as follow: 

1

2

n
k


                                                                             (8) 

Where n is the number of each phase levels.  

For example, switches state for a 5-level inverter in sector I are given as table (II). By considering table 

(III), switching states for other sector can be obtained. 

Table II. Switching States Sector I of 5-Level Inverter 
Switching States  

Va Vb Vc α + β =0 

-3 -3-α -3-α-β  α + β=1  

 

α + β=2 

 

 

 

α + β=3 

 

 

 

 

α + β=4 

 

-2 

 

-2-α 

 

-2-α-β 

 

-1 -1-α -1-α-β  

0 -α -α-β  

1 1-α 1-α-β  

 

Table III. Relationship of Switching States in Various sectors 
Sector Switching State Example : Vector (1,1) 

I Va Vb Vc [-1,-2,-3],[0,-1,-2],[1,0,-1] 

II -Vb -Vc -Va [2,3,-1],[1,2,0],[1,0,-1] 

III Vc Va Vb [1,-3,-2],[0,-2,-1],[1,0,-1] 

IV -Va -Vb -Vc [2,3,-1],[2,1,0],[1,0,-1] 

V Vb Vc Va [1,-3,-2],[0,-1,-2],[1,0,-1] 

VI -Vc -Va -Vb [2,3,-1],[2,1,0],[1,0,-1] 

 

A. Particle Swarm Optimization (PSO)   

PSO is one kind of population based algorithm's which works with a population of potential solutions rather 

than with a single individual. The searching for the optimal solution continuations unless one of the 

stopping criteria arrives. Figure 8 illustrated flowchart of PSO. Each particle can be shown by its current 

speed and position, the most optimist position of each individual and the most optimist position of the 

surrounding. In this algorithm the speed and position of each particle change according the following 

equality. 

1

1 1

2 2

( )

( )

k k k k k

j j j j

k k k

j

V V C r Pbest x

C r gbest x

     

   

                                                          (8) 

1 1k k k

j j jx x v                                                                      (9) 

Where C1 is equal C2 and they are equal 2, r1, r2 represent random fiction between [0,1]. 

Objective function in this paper is defined as reduction of total harmonic distortion (THD) which is shown 

below: 
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0

simt

OF t THD dt                                                                (10) 

Where: tsim is the simulation time. In this simulation, values of THD in any time compared and minimized 

value is considerd as best value of objective function. By using PSO algorithm and tuning switching 

parameters objective function get its best value. 

Table (IV) shows necessary information for PSO algorithms. 

Table IV. PSO Parameters 

Population Size 60 

C1 2 

C2 2 

W .93 

Iteration 25 

 

By minimizing objective function in minimized value, switching parameters tuned in the best value. 

[13,14]. 

 

Figure 9. PSO Flowchart 
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B. Simulation Results  

In SVM, reference voltage size and angles have important role in switching patterns. With tunes these 

parameters in optimal values, output voltage has minimal THD. Figure 10 shows pulse generating algorithm 

which demonstrated in previous section. 

In table V angles and size of reference voltage illustrated with arbitrary value and with optimized value. In 

this paper input dc voltage considers 100 volts. 

 

 

Figure 10. Proposed Switching Algorithm 

 

Table.V. Switching Parameters 

Optimization Algorithm Reference voltage value Reference voltage angle Value of 

THD (%) 

PSO algorithm 839 37 2.39 

Arbitrary value 1000 0 12.79 

 

As clearly seen from table V, by considering reference voltage and angle in optimized value (839 volt 

37degree) value of THD decrease from 12.79% to 2.395%. Figure 11 shows switching states. The output 

voltage of proposed circuit with arbitrary switching values has been shown in figure 12. In figure 13 FFT 

analyses was shown for respected values. 
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Figure 11. Switching States 

 

Figure 12. phase voltage with arbitrary switching value 

 

Figure 13.FFT Analyzing of phase voltage in case 1 

If switching parameters is tuned in optimized value, output voltage has been shown like figure 14. [15]. 
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Figure 14. Output phase voltage of multilevel with optimized tuned switching parameters 

Figure 15 shows FFT analysis for output phase voltage of proposed circuit. [16,17,18]. 

 

Figure 15. FFT Analyzing of Voltage in Case 2 

C. Experimental Results  

In this section results which achieved from experimental measurements by considering optimal tuned 

switching parameters has been illustrated. The circuit parameters of experimental results, are shown in table 

VI.   Value of each input dc voltage adjusted in 30 volts. figure 16 shows output voltage of single phase H-

bridge inverter. Figure 17 illustrates experimental view of proposed topology. [19,20]. 

Table VI. Principle Parameters in the Prototype 
Parameter Value 

Input voltage 30 (V) 

Load R-L (160Ω-33mH) 

Switches IRFP450 MOSFET’s with Internal Antiparallel 

Diodes 

Gate drivers TLP250 kind and diodes are based on MUR460 
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Figure 16. Output Voltage with Tuned Switching Parameters  

 

 

Figure 17. Experimental schematic of proposed circuit 

4.  CONCLUSION 

Recently some meta-heuristic algorithms such as: particle swarm optimization (PSO) and genetic algorithm 

(GA) is introduced for solving optimization problems. As it can be find out from results, by utilizing PSO 

algorithm, switching parameters has been tuned in optimal value. With implement this values in proposed 

topology distortion harmonic of output voltage reduced significantly. The comparison of the results in this 

paper with similar work in other literature proves PSO efficiency in minimization of THD in cascade h-

bridge (CHB) multilevel inverters. 
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