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 This paper presents a MATLAB/SIMULINK model of two multi-level 

inverter topologies. Algorithms based on space vector modulation (SVM) 

technique are developed in order to conduct a comparative study on diode 

clamped five and seven level inverters. The scheme used to develop these 

control algorithms are based on symmetrical sequence because of the 

symmetry of the switching wave. Both topologies are simulated and analyzed 

using a squirrel cage induction motor. The results have showed that the best 

motor dynamic response with less harmonic distortion and torque 

fluctuations is obtained when seven-level inverter is employed. 
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1. INTRODUCTION  

Power Electronic Converters, especially DC/AC PWM inverters have been extending their range of 

use in industry because they provide reduced energy consumption, better system efficiency, improved quality 

of product, good maintenance, and so on. The voltage or current rating of the multilevel converter becomes a 

multiple of the individual switches, and so the power rating of the converter can exceed the limit imposed by 

the individual switching devices [1]. Variable speed drives applications require high performance, maximum 

reliability and minimum cost.  

The use of static converters in variable speed drives is mainly due to the development of power 

semiconductors such as MOSFETs, IGBTs, GTOs. The association of inverters and AC machines rapidly 

became a standard in the industry of variable speed drive systems [2]-[4]. Furthermore, the development of 

pulse width modulation techniques as strategies to control voltage source inverters [5]-[6] has contributed to 

obtain an optimal operation of AC machines. The output voltage can be constant or variable with a constant 

or variable frequency. Thus, a variable output voltage is obtained by varying the input voltage and 

maintaining constant the inverter gain.  

The desired voltage at the inverter output should be sinusoidal, however the shape of the wave in 

practice is non-sinusoidal, and rich in harmonics. Nevertheless, these harmonics can be minimized or reduced 

using multilevel inverters topologies with different pulse width modulation PWM techniques such as Space 

Vector PWM technique [2], [4], [5], [7]. 

In SVPWM, the three-phase stationary reference frame voltages for each inverter switching state are 

mapped to the complex two-phase orthogonal α-β plane.The DC voltage source of the inverter (AC/DC) can 

be a battery, a solar cell or any other type of DC voltage source. The output voltage of an inverter fed by a 

DC voltage source is an alternating voltage of rectangular shape. Filtering the voltage with rectangular 
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waveform enables its approximation to a sine wave. Therefore, the voltage to be filtered is at the industrial 

frequency, the filter will be expensive, and the results will be poor, hence the need to a technique for cutting 

an alternation in several pulses is required. However, the pulse width modulation (PWM) technique is 

introduced to overcome this issue.  

This technique has several disadvantages such as high harmonic distortion, a phase voltage output 

limited to 87% of the DC voltage of the inverter, motor response time is long, the use of three reference 

voltages and difficultto be implemented on a DSP or microcontroller. There are three types of Multi Level 

Inverter, They are, Diode Clamped Multi Level Inverter, Capacitor Clamped Multi Level Inverter, Cascaded 

H-Bridge Multi Level Inverter [8]. 

In this work SVPWM algorithms are developed in order to compare the performances of diode 

clamped multilevel inverters (five and seven levels) in harmonics reduction, motor time response and torque 

fluctuations. The algorithms developed for these two topologies are tested on induction motor for validation. 

The obtained results have showed that harmonics are reduced to a lower value when seven levels inverter is 

used but the inverter commutation losses are less when five level inverters are used. 

 

 

2. SVPWM THEORETICAL DEVELOPMENTS 

The conventional two-level inverter is used for theoretical developments which can be extended for 

other multilevel inverters. It is assumed that the control of each arms of the inverter is complementary, thus 

as to replace static switches with two positions [5]-[6] Figure 1. 

 

 

 
 

Figure 1. Conventional three phase inverter 

 

 

Based on the concept of rotating vector, it can be considered that the inverter output is a voltage vector. 
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The inverter switches are supposed to be ideal and can be represented as follows: Sj (j=a, b, c) such as, Sj=1 if 

phase a, is connected to the positive rail of the dc source, Sj=0 if phase a is connected to the negative rail of 

the DC source. The same principle is applied to the other two phases such as: 

 

Vino= Sj .U-U/2         (2) 

 

The following Equation is obtained: 
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The different combinations of Sa, Sb, Sc enable to generate eight possible vector positions Vref with two 

positions corresponding to zero vector as shown in Figure 2. 
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Figure 2. Inverter voltage vectors in (-) frame 

 

 

The expressions of instantaneous phase and line to line inverter output voltages according to the upper 

switches can be established as follows: 
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In order to simplify the computations and represent these voltages in a simplified form, the transformation of 

coordinates from the three phase stationary frame to - frame is applied respecting the power transfer 

transformation (Concordia transformation): 
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There are different control strategies enabling the determination of the three logic functions 

 Sj= (j=a, b, c). In this work SVPWM is used to develop the control strategy of the inverter.  

 

2.1. Space Vector PWM Realization  

SVPWM is largely used in modern control of induction motors to obtain sinusoidal waveforms at 

the inverter outputs [1], [4]-[7], [9]. Its basic principle is to reconstruct the voltage vector Vref from the eight 

voltage vectors. Each vector corresponds to a switching state of a three phase voltage inverter switches. A 

reference voltage vector Vref is evaluated approximately over a modulation period Tm. This vector is 

estimated in a sector by the application of adjacent voltage vectors and zero vectors V8 and V7. 

The computation of the reference voltage vector Vref is obtained by analyzing all the switching 

states. The eight voltage vectors and the reference vector is represented in a αβ-plane. The switches being ON 

or OFF are determined by the location of the reference vector on this αβ-plane [10] Figure 3. 

 

 

 
 

Figure 3. Representation of rotating vector in - frame 



                ISSN: 2088-8694 

IJPEDS  Vol. 8, No. 2, June 2017 :  755 – 766 

758 

The SVPWM can be applied according to the following steps [5]-[6]: 

a. Determination of V, V,Vref, and the rotating angle (θ). 

b. Application time of adjacent vectors x, y, and z. 

c. Determination of the switching time of each switch (Sa,Sb, Sc ,Sa’, Sb’ and Sc’).  

From Figure 4,V, V, Vref, and the rotating angle (θ) can be determined as follows: 

 

 

 
 

Figure 4. Voltage vector and its components in (-) frame 
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Conserving the power transfer (Concordia transformation). The voltage vectors on the (-) axis can then be 

described as [10]: 
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Where: 

f: is the fundamental frequency  

The reference vector Vref is estimated over a modulation period Tm, by generating an average vector 

determined by the application of inverter adjacent non-zero and zero vectors. Figure 4, illustrates the case 

where the reference vector is in sector 1. The application time of adjacent vectors are given as follows: 

 

Tm=x+y+z         (9) 
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The determination of ‘x’ and ‘y’ is obtained by the projection of the reference vector on - frame Figure 5. 

 

 

 
 

Figure 5. Projection of reference vector on  and  axis in sector1 
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Tm.Vref = (x.V1 + y.V2) + z. (V7 ou V8) 
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Where, (0  60°) 
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In order to apply the SVPWM technique to a five and seven level voltage source inverter a control algorithm 

is developed using symmetrical sequence. 

 

 

3. FIVE-LEVEL INVERTER  

Diode clamped five-level inverter has three symmetrical arms each consisting of eight bidirectional 

switches in series. These switches must not be ON or OFF simultaneously in order to avoid the short circuit 

of the inverter dc source. Each switch consists of a bi-commendable semiconductor and a diode connected in 

anti-parallel. The number of diodes is six by arm ensure the application of different voltage levels at the 

output of each arm. Each arm is connected to a dc supply of electromotive force (4Uc), these four generators 

are equal. This inverter is five-level because it delivers five voltage levels per arm (U/2, U/4, 0, -U/4, -U/2). 
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Figure 6. Five-level inverter topology 
 
 

3.1. Switching Functions 

For each switch ( 1 8 , 1 3)ijS i j    , a switching function ijF is defined as follows: 

 

    {
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The switches of the lower-half arm are complementary with the switches of upper half-arm 

 

( 4)1 , 5 8 ; 1 4     ij i j i jF F
       (19) 

 

 

Table 1. Switching State of One Inverter Arm  

 

 

 

 

 

 

 

 
(a) (b) 

Figure 7. (a) Space vector diagram of five-level inverter (b) Sectors and regions of space vector 

diagram 

State S1x

 
S2x

 
S3x

 
S4x

 
S5x

 
S6x

 
S7x

 
S8x

 
V0x

 

4 1 1 1 1 0 0 0 0 U /2
 

3 0 1 1 1 1 0 0 0 U /4
 

2 0 0 1 1 1 1 0 0 0 

1 0 0 0 1 1 1 1 0 -U /4
 

0 0 0 0 0 1 1 1 1 -U /2
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4.   SEVEN-LEVEL INVERTER 

The seven-level inverter has three symmetrical arms each consisting of (12) bidirectional switches 

in series. These switches must not be ON or OFF simultaneously to prevent the short circuit of the dc inverter 

input, or the opening of load inductive circuit. Each switch consists of a bi-commendable semiconductor and 

a diode connected in anti-parallel. The number of diodes is 10 by arm ensure the application of different 

voltage levels at the output of each arm. Each arm is connected to a dc supply of electromotive force (6Uc), 

these six generators are equal. This inverter is seven-level because it provides seven voltage levels per arm 

(U/2, U/4, U/6, 0, -U/6, -U/4, -U/2). 

 

 

 
 

Figure 8. Structure of seven-level floating diodes inverter 

 

 

4.1.   Switching Functions  
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Table 2. Switching State of the Inverter Arm 

 
 

 

St S1x

 
S2x

 
S3x

 
S4x

 
S5x

 
S6x

 
S7x

 
S8x

 
S9x

 
S10x

 
S11x

 
S12x

 
V0x

 

6 1 1 1 1 1 1 0 0 0 0 0 0 U /2
 

5 1 1 1 1 1 0 1 0 0 0 0 0 U /4
 

4 1 1 1 1 0 0 1 1 0 0 0 0 U /6
 

3 1 1 1 0 0 0 1 1 1 0 0 0 0 
2 1 1 0 0 0 0 1 1 1 1 0 0 -U /6

 

1 1 0 0 0 0 0 1 1 1 1 1 0 -U /4
 

0 0 0 0 0 0 0 1 1 1 1 1 1 -U /2
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5.   COMPUTER SIMULATION 
The simulation is conducted with five level and seven level inverter controlled by SPWM technique 

using parameters presented in Table 3. The results of simulation of SVPWM voltage source inverter for both 

topologies feeding an induction motor with amplitude modulation index r=0.866 and frequency modulation 

m=96 are presented and compared. Motor technical parameters are presented in the Table 3 presented below. 

 

 

Table 3. Motors Parameters 
Parameters  Values 

Motor power  

Nominal frequency 
pole pair Number  

Supply voltage 

Nominal current  

Nominal rotational speed 

Stator resistance 

Rotor resistance  
Stator inductance 

Rotor inductance  

Mutual inductance  
moment of inertia  

Friction coefficient 

Pn= 1.5 Kw 

F = 50Hz 
P=2 

un=220v/380v 

In = 6.2/3.7A 

nn = 1420tr/min 

Rs = 4.85 Ω 

Rr = 3.805 Ω 
Ls = 0.2740 H 

Lr = 0.2740 H 

Msr = 0.2580 H 
J = 0.031Kgm2 

ft =0Kg m2/s 

 
 

Several operation characteristics were studied, such as reference vector angle and reference vector 

displacement between sectors and regions. Furthermore some internal variables, such as stator current, phase 

to neutral voltage, line to line voltage and their frequency spectrum are measured. To show the robustness of 

this control strategy the torque and the speed were viewed using Matlab simulink Blocks. For simulation tests 

the initial torque value was set to 0 Nm and after 0.6 s, this torque was increased to 15 N.m. The obtained 

results when five level inverter is used are given below Figure 9(a) to 9(k). 

 

5.1.    Results of Five-Level Inverter Fed Induction Motor 
 

 

  
(a) Reference vector angle (b) Reference vector displacement between sectors 

 

 

 

  
(c) Reference vector displacement between regions 

according to time 

(d) Inverter output phase to neutral voltage Va 

 
 

 

  
e) Phase to phase voltage Vab (f) Steady states stator current Ia  

 

Figure 9. The results of five level inverter, for r=0.886, m=96 
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(g) Stator current frequency spectrum 

THDIa=1.09% 

(h) Voltage frequency spectrum THDVa=14.76% 

 

 
 

 
 

(i) Induction motor torque at transient and steady 

state 

(j) Induction motor speed at transient and steady state 

  

 
(k) Trajectories of the reference vector and the output vector of five-level inverter 

 

Figure 9. The results of five level inverter, for r=0.886, m=96 

 

 

5.2. Results of Seven-Level Inverter Fed Induction Motor 

The obtained results when seven level inverter is used are given below Figure 10(a) to 10(k). 
 

 

  
(a) Reference vector angle (b) Reference vector displacement between sectors  

 

Figure 10. The results of seven level inverter, for r=0.886, m=96 
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(c) Reference vector displacement between regions 

according to time 

(d) Inverter output phase to neutral voltage Va 

 

  
e) Phase to phase voltage Vab (f) Steady states stator current Ia  

  

 
 

(g )Stator current frequency spectrum THDIa=0.25% (h) Voltage frequency spectrum THDVa=9.37% 

  

  
(i) Induction motor speed at transient and steady 

state  

(j) Induction motor torque at transient and steady 

state 

  

 
(k) Trajectories of the reference voltage and the output voltage of seven-level inverter 

 

Figure 10. The results of seven level inverter, for r=0.886, m=96 
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6. RESULTS AND ANALYSIS 

The results of the developed algorithm of a five level inverter controlling induction motor are 

illustrated in Figure 9(a) to Figure 9(k). The Figure 9(a, b and c) illustrate reference vector angle, reference 

vector displacement between sectors and reference vector displacement between regions according to time 

respectively.  

The phase to neutral voltage (Figure 9(d)), the stator phase current (Figure 9((f)) waveforms and 

their frequency spectrum illustrated on Figure 9(g) and Figure 9(h) have THD values equal to (14.76%) and 

(1.09%) respectively for an amplitude modulation index r=0.866 and a frequency modulation m=96.  

Figure 9.e illustrates phase to phase voltage Vab. Figure 9(k) illustrate Trajectories of the reference vector 

and the output vector. The speed curve shown in Figure 9(i) has three sections; transient state section from 0 

to 0.29 s, no load operation section from 0.29-0.4 s and a section for load (15 N.m) operation applied at 0.4 s 

and the time response is less than 0.15s. 

The torque curve presented in Figure 10.j) has three sections; transient state section from 0 to 0.29 s, 

no load (0.00 N.m) operation section from 0.29-0.4 s and a section for load (15 N.m) operation applied at 0.4 

s and the time response is less than 0.15s. Phase to neutral voltage (Figure 9(d)) has seventeen voltage levels 

and phase to phase voltage has nine voltage levels, thus its shape is closer to the sinusoidal shape. Figure 9(k) 

illustrates trajectories of the reference vector and the output vector showing that the output vector is tracking 

the reference vector. 

The results when the developed algorithm of a seven level inverter controlling induction motor is 

applied are presented in Figure 10(a) to Figure 10(k). The Figure 10(a, b, and c) illustrate reference vector 

angle, reference vector displacement between sectors and reference vector displacement between regions 

according to time, respectively. Figure 10.e illustrates phase to phase voltage Vab. The phase to neutral 

voltage (Figure 10.d), the stator phase current (Figure 10(f)) waveforms and their frequency spectrum 

illustrated on Figure 10(h) and Figure 10(g) have THD values equal to (9.37%) and (0.25%) respectively for 

an amplitude modulation index r=0.866 and a frequency modulation m=96. 

The speed curve shown in Figure 10.i has three sections; transient state section from 0 to 0.25 s, no 

load operation section from 0.25-0.4 s and a section for load (15 N.m) operation applied at 0.4 s and the time 

response is less than 0.12s. The torque curve presented in Figure 10(j) has three sections; transient state 

section from 0 to 0.25 s, no load (0.00 N.m) operation section from 0.25-0.4 s and a section for load (15 N.m) 

operation applied at 0.4 s and the time response is less than 0.12s. 

Phase to neutral voltage has twenty five voltage levels (Figure 10.d) and phase to phase voltage has 

thirteen voltage levels. It can be observed that speed and torque time responses are better when the motor is 

fed by seven-level inverter. Therefore, a better speed regulation is obtained. The inverter output current 

waveform of seven-level inverter is almost sinusoidal contains less harmonics and less torque fluctuations 

thus, a better motor dynamic response is obtained. Figure 10(k) illustrate Trajectories of the reference vector 

and the output vector showing that the output vector is tracking the reference vector.  

In order to evatuate the SVPWM strategy applied to five and seven level inverter topologies, the 

speed and torque curves as well as current and voltage frequency spectrums are compared. The phase to 

neutral voltage, the stator phase current waveforms and thefrequency spectrum of five level inverter have 

THD values equal to (14.76%) and (1.09%) respectively. The phase to neutral voltage, the stator phase 

current waveforms and frequency spectrum of seven level inverter have THD values equal to (9.37%) and 

(0.25%) respectively. The results have showed that when seven level inverter is used the harmonic currents 

and voltage distortions are reduced and torque fluctuations are less. But the developed algorithm gives 

reduced commutation losses when five-level inverter is used because the switching devices number is 

reduced. Comparing these results to the results of the literature it can be noticed that THD values of both 

current and voltage are well below the obtained values of [1], [11] and IEEE recommendations. 

 

 

7. CONCLUSION  

The present paper has presented a comparative study of multilevel inverter topologies controlled by 

space vector PWM feeding an induction motor. The results have showed that seven level inverter gives 

reduced harmonics current and voltage distortion and less torque fluctuations. But the commutation losses are 

minimized when five-level inverter because the switching devices number is reduced.  

The results have showed that the seven-level inverter is the best topology compared to five-level 

topology; but it has some disadvantages such as large number of semiconductors devices which involves high 

losses compared to other types. This work has allowed understanding the basic principles to design and 

simulation of any complex power engineering system. It has served to enhance knowledge of programming, 

modeling and power control techniques of induction motors. 
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