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 This paper presents a comparison between two switching techniques namely 

Phase Offset Disposition Sinusoidal PWM (POD-SPWM) and Symmetrical 

PWM switching for a generalized current source multilevel inverter (MCSI) 

topology. One of the advantages of MCSI is it can reduce the total harmonic 

distortion (THD) at the output load current with a sinusoidal current 

waveform. In this paper, the generalized MCSI with the different levels has 

been developed with Matlab@simulation software in order to study the 

performance of the two switching schemes for the operation of the MCSI. 

From the simulation results, POD-SPWM switching technique can give 

better THD results compare to symmetrical switching technique 
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1. INTRODUCTION 

An inverter converts direct current (DC) to alternating current (AC). Inverters can be classified into 

two topologies; voltage source inverters (VSI) and current source inverters (CSI). Both of the topologies have 

their own advantages and disadvantages compare to others. Today, most of the published researches are on 

VSI compare to CSI in term of publications and research works. This is because VSI topologies have more 

common advantage in power converter applications such as device voltage ratings, higher efficiency and 

more practical in industrial applications [1]–[8]. However, CSI is very popular with their special features as 

compare to VSI such as the reliability of the input inductor, short circuit current protection and inherent boost 

characteristics[9]–[12]. This paper focused on Multilevel Current Source Inverter (MCSI) with two different 

switching schemes. The switching scheme namely Phase Disposition PWM and symmetrical PWM has been 

used to generate five-level output current for the MCSI. In the study, the simulations for 5-level, 7-level and 

9-level of MCSI have been conducted in MATLAB/Simulink software. 
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2. MULTILEVEL CURRENT SOURCE INVERTER (MCSI) 

The generalized MCSI topology in Figure 1 was introduced in [13], and for the five-level output 

MCSI is shown in Figure 2. This five-level circuit contains of four couples of parallel complementary 

(PWM) switches which are S5S6, S7S8, S3S4 and S1S2. In the MCSI, the intermediate current must be equally 

distributed among all branches in order to have a current balancing. If the current are not equally shared, the 

output current waveform become unbalanced, thus the total harmonic distortion (THD) for the output load 

current becomes higher.  
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Figure 1: General MCSI N-Level 

 

 

Therefore, the switching control scheme used in the MCSI needs to ensure the current balancing 

between the intermediate inductor current levels. In order to study the effectiveness of these two types of 

switching control scheme namely POD SPWM and Symmetrical PWM, the comparison was made between 

the switching strategies. 
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Figure 2: Five-Level MCSI 

 

 

Table 1 shows the switching sequence for 5, 7 and 9 levels of CSI. In n-levels of CSI, 2(n-1) of 

switches are needed. Hence, for 5-level of MCSI, 8 switches are needed, whereas 12 switches are needed for 
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7-level and 16 switches need for 9-level of MCSI. Therefore, it can be conclude that, for the n-level of MCSI 

requires of 2 (n-1) numbers of switches. 

 

 
Level ON Switches Output Current 

1 S4, S6 0 

2 S2, S4, S5, S7 I 

3 S2, S4, S6, S7 I/2 

4 S1, S4, S6, S8 -I/2 

5 S1, S3, S6, S8 -I 
 

Level ON Switches Output current 

1 S5, S7 0 

2 S2, S4, S6, S7, S9, S11 I 

3 S2, S4, S6, S8, S9, S11 2I/3 

4 S4, S6, S8, S9 I/3 

5 S3, S6, S8, S10 -I/3 

6 S1, S3, S5, S7, S10, S12 -2I/3 

7 S1, S3, S5, S8, S10, S12 -I 
 

 

(a) Switching sequences for 5 levels MCSI 

 

(b) Switching sequences for 7 levels MCSI 

 
Level ON switches Output current 

1 S8, S10 0 

2 S2, S4, S6, S8, S9, S11, S13, S15 I 

3 S2, S4, S6, S8, S10, S11, S13, S15 3I/4 

4 S2, S4, S7, S9, S13, S15 I/2 

5 S2, S7, S9, S15 I/4 

6 S1, S8, S10, S16 -I/4 

7 S1, S3, S7, S9, S14, S16 -I/2 

8 S1, S3, S5, S8, S10, S12, S14, S16 -3I/4 

9 S1, S3, S5, S7, S10, S12, S14, S16 -I 

 

(c) Switching sequences for 9 levels CSI 

 

Table 1: a) Switching sequences for 5 levels CSI, b) Switching sequences for 7 levels CSI,  

c) Switching sequences for 9 levels CSI. 

 

 

2.1. Phase Offset Disposition (POD-SPWM) with a single carrier  

In general the POD-SPWM is a simple and general switching technique for multilevel inverters. 

This technique uses a single sinusoidal reference signal with four carrier signals. These signals need to be 

compared in order to produce gating signals for the inverter as shown in Figure 3 for a 5-level MCSI. From 

the figure, the output SPWM is set to be “ON” state when the reference signal is higher than the carrier signal 

and in the “OFF” state when lower than the carrier signals. The multilevel carrier signal can be either in the 

form of phase shifted or level shifted as presented in [10], [9], [14]–[16]. Usually, in n-level of current source 

inverter, one sinusoidal signal will be compared with (n-1) number of carrier signal, but in the purposed 

POD-SPWM technique, only one carrier signal and one sinusoidal signal will be used to generate the PWM 

pulses for the inverter. The generations of switching signals in order to generate different level of output 

current are shown in Figures. 4(a) to 4(d). 

 

 

 
 

Figure 3. Operating Principle of SPWM Technique for 5-level MCSI 
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a. Imax b. +I/2 

 
 

c. –I/2 d.-Imax 

 

Figure 4. (a), (b), (c), (d): Operation of Single Carrier Signal POD-SPWM in 5-level MCSI 

 

 

2.2. Symmetrical PWM Switching Signal 

This technique compares a sinusoidal signal with a single line signal. In this study, the amplitude of 

the single line is fixed at 0.5 at all periods. The comparison between sinusoidal waveform and single line 

produces a PWM signals as shown in Figure 5. This switching signals is considered as symmetrical signal 

because produces switching signal which is always 50% of duty cycle. 

 

 

 
 

Figure 5. Operating Principle of Symmetrical PWM Switching Signals 

 

 

3. RESULT AND DISCUSSION 

In this section, the simulation results for 5-level, 7-level and 9-level of MCSI are discussed. 

Theoretically, by increasing the number of output current levels, it will lead to the reduction of THD of 

output current and as a result a small size of filter is needed. For the simulation parameters, the maximum 
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current is set to be 20A and the switching frequency is 5 kHz. Each power switch in the simulation consists 

of the IGBT with the series diodes. The circuit simulation for the 5-level MCSI are shown in Fig. 6. 

 

 
 Figure 6: Five-level MCSI 
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Table 3 : Comparison of Output Current Waveform  for 5, 7 and 9 Levels of CSI With and Without Filter (a) 

POD-SPWM Waveform, (b) Symmetrical PWM Switching Signal Waveform 

Level 

 

Output Current Waveforms 

With Filter Without Filter 

5  

 
(a) POD-SPWM 

 

 
(b) Symmetrical PWM 

 

 
(a) POD-SPWM 

 

 
(b) Symmetrical PWM 

7  

 
(a) POD-SPWM 

 

 
(b) Symmetrical PWM 

 

 
(a) POD-SPWM 

 

 
(b) Symmetrical PWM 

 

9  

 
(a) POD-SPWM 

 

 
(b) Symmetrical PWM  

 

 
(a) POD-SPWM 

 

 
(b) Symmetrical PWM 
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Table 3 shows the output current waveform for 5, 7 and 9 levels of MCSI for the POD-SPWM and 

Symmetrical PWM Switching Signals with and without filter. From the results, the waveform becomes more 

sinusoidal with the increment of number of levels. However, between the POD-SPWM and Symmetrical 

switching schemes, the POD-SPWM can generate a good quality of output current waveforms with a low 

THD values as shown in Table 4. The THD for 7 and 9 levels are less than 5% for the POD-SPWM. The 

POD-SPWM is able to generate more number of pulses signals compared to Symmetrical PWM Switching 

Signal[17]. As a result, it can reduce the THD value at the output current. 

 

 

Table 4: Comparison percentage of THD between POD-SPWM and  

Symmetrical PWM Switching Signals 
Level % THD of POD- PWM, % % THD of 

Symmetrical PWM  

5 6.72 13.45 

7 4.24 6.37 

9 3.72 4.57 

 

 

 

4. CONCLUSION 

In this study, a comparison between POD-SPWM with a single carrier and Symmetrical PWM 

switching scheme are presented. The operation for the proposed converter has been simulated with 

MATLAB/Simulink. The proposed switching schemes for both techniques are able to produce the desired 

output current levels. From the analysis by increasing the number of output levels of MCSI, from 5-level to 

9-level, the percentage of Total Harmonic Distortion (THD) are significantly reduced. However, the POD-

SPWM switching technique can give better output results compare to the Symmetrical PWM technique with 

low % of THD for similar level of output current. 
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