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Multilevel inverters are becoming more appealing by eliminating the need for filter 
circuits. As a result, this type of inverter can reduce total harmonic and improve output 
waveform quality. However, it causes a large number of switches, so a reduced-switch 
topology is used for a compact and cost-effective inverter. This paper examines a 
different DC source and switching circuit arrangement for 15-level reduced-switch 
multilevel inverters (RSMLI). PSIM software is used to model both circuits. The goal is 
to observe and comprehend the differences in the number of DC sources, switches, 
and circuit complexity for the same level inverter and to understand how these 
parameters affect inverter performance. According to the findings, the formulation of 
the number of DC voltage counts, its switching circuit, and structure arrangement all 
have a different effect on RSMLI reliability. 
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1. Introduction 
 

Since many industrial applications require power converters, electrical power conversion is 
important in electrical systems. Multilevel inverters (MLI) are well known for their ability to increase 
voltage level, with higher level MLI providing better sinusoid output resolution [16,7,8]. MLI provided 
solutions for many applications such as traction systems, industrial machinery, and renewable energy 
systems [22,10,24]. MLI, as opposed to conventional 2-level inverters, can operate at fundamental 
switching frequency, resulting in lower switching and conduction losses per operation [20,19,25]. 
MLIs have three traditional topologies: cascaded H-bridge, diode clamped, and flying capacitor 
[5,14,17]. From those three, cascaded H-bridge is preferred for a higher voltage application [21,1,6]. 

The main elements that comprise a multilevel inverter (MLI) topology are power switches. In 
addition to these switches, passive components such as inductors, capacitors, and transformers are 
used to explore a range of MLI topologies. However, the disadvantages of passive components, 
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particularly transformers and capacitors, are that they are typically heavy and large in size [11,23], 
resulting in a bulky inverter and adding extra cost to the overall inverter [15]. These concerns incited 
the idea of reducing the size of the inverter. The structure is remodeled by utilizing a reduced number 
of switches and the redundant switching sequence. With this focus, modified multilevel 
topology first appeared and later known as reduced-switch MLI (RSMLI). The RSMLI was further 
investigated in symmetrical and asymmetrical modelling [14,18]. Asymmetrical MLI structures have 
unequal DC source values, while symmetrical MLI structures have equal DC source values 
[19]. Despite the fact that the reduced-switch topology varies the number of DC sources and 
switches, this structural modification allows for a higher-level output in a compact size [3,2,9]. The 
design goal is to produce a higher number of levels with fewer switches while maintaining reasonable 
voltage stress on the switches for inverter reliability. 

Since the passive component is not considered in this paper, the structural focus is on H-bridge 
inspired MLI. In a typical cascaded H-bridge inverter topology, the level-up is achieved by cascading 
the nth H-bridge module [6], which it is made up of four switches. According to the power conversion 
principle, the four switches form two complementary pairs of switches to conduct current to the 
output while avoiding short circuits. The polarity of MLI is changed by turning one of its 
complementary pair switches on and off alternately. Both RSMLI topologies in this paper use a 
modified H-bridge configuration. 

The aim of this paper is to analyses RSMLI topologies with the same output levels but a different 
number of switches, DC source count, and ratio. Both are 15-level asymmetrical RSMLI topologies 
adapted from [4] and [13]. 

 
i) The study demonstrated 15-level reduced-switch multilevel inverter topologies in 

asymmetrical DC source configuration. 
ii) The switching signal is presented for each 15-level reduced-switch multilevel inverter. 

iii) Important parameters such as voltage stress, modulation index and output voltage are 
expressed mathematically. 

iv) The circuit complexity is compared in terms of the combination of unidirectional and 
bidirectional switches. 

v) The RSMLI’s circuit reliability is compared in terms of the highest rating switches and 
total voltage stress for the topology.  

 
The rest of the paper is organized as follows. In Section 2, working principle with related 

mathematical expression for the comparative topologies are described. Then, the components in 
both topologies are tabulated for evaluation. Some simulation results are given in Section 3. Finally, 
conclusions are drawn on Section 4. 
 
2. Comparative Topology 
 

A RSMLI topology in a circuit typically consists of multiple DC voltage sources and switching device 
arrays. A combination of unidirectional and bidirectional switches is typically synthesized to isolate 
multiple DC sources in a single circuit. A unidirectional switch consists of a power switch and an anti-
parallel diode capable of blocking voltage while conducting current in both polarities. Meanwhile, a 
bidirectional switch made up of two power switches typically adds to the RSMLI circuit complexity. 
This type of switch can conduct current in both directions while also blocking positive or negative 
voltage during the Off-state. 
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Topology I composed of ten-switches single-phase RSMLI circuit with six unidirectional switches 
S1, S2, S3, S5, S6, S7 and two bidirectional switches ‘S4, ‘S8. The levels are generated by directing the DC 
sources of VDC1, VDC2, VDC3, and VDC4 through a different set of switching commutation. Figure 1 shows 
the schematic of Topology I. 
 

S5

S6

S1

S2

VDC1

‘S4

S3VDC2

S7

VDC4

VDC3

‘S8

VDC1 = 100V
VDC2 = 400V
VDC3 = 200V
VDC4 = 400V

V +

 
Fig. 1. Schematic of Topology I as adapted from [4] 

 
2.1 The Algorithm of Topology I 

 
The DC voltage values as follow Eq. (1), 

 
VDC1 = 100V, VDC2 = 400V, VDC3 = 200V, VDC4 = 400V (1) 

 
The asymmetric DC voltage is composed to yield each staircase level for a positive level output as 

in Table 1. The voltage value is made in per unit for a simplification, 
 

Table 1 
Mathematical expression of per level voltage  
Staircase level Per level voltage (positive voltage level) 

Level I V1 = VDC1 = 1Vpu, 
Level II  V2 = VDC3 = 2Vpu,  
Level III V3 = VDC1 + VDC3 = 3 Vpu, 
Level IV V4 = VDC4= 4 Vpu, 
Level V V5 = VDC1 + VDC4 = 5 Vpu, 
Level VI V6 = VDC3 + VDC4 = 6 Vpu, 
Level VII V7 = VDC1 + VDC3 + VDC4 = 7 Vpu 

 
Different combinations of DC voltages are synthesized to composed for negative output levels. 

VDC1 = 100V, VDC3 = 200V, VDC4 = 400V are for positive level while VDC1 = 100V, VDC2 = 400V, VDC3 = 200V 
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are composed for the negative side. All the positive and negative level were obtained and 
summarized in Table 2. 

 
Table 2 
Switching state for 15-level single-phase RSMLI (Topology I) 
Polarity Level 

MLI output 
complementary switches 

complementary & 
voltage level switches 

S1 S2 S5 S6 S3 ‘S4 S7 ‘S8 Staircase voltage, Vo 
1 0 1 0 0 1 0 0 0 
1 0 0 1 0 0 0 1 V1 
0 1 1 0 0 0 0 1 V2 
1 0 1 0 0 0 0 1 V3 
0 1 0 1 0 0 1 0 V4 
1 0 0 1 0 0 1 0 V5 
0 1 1 0 0 0 1 0 V6 
1 0 1 0 0 0 1 0 V7 

1 0 1 0 0 1 0 1 0 
0 1 1 0 0 1 0 0 -V1 
1 0 0 1 0 1 0 0 -V2 
0 1 0 1 0 1 0 0 -V3 
1 0 1 0 1 0 0 0 -V4 
0 1 1 0 1 0 0 0 -V5 
1 0 0 1 1 0 0 0 -V6 
0 1 0 1 1 0 0 0 -V7 

 

The single-phase RSMLI structure of Topology II as shown in Figure 2 comprises of fourteen 
switches and six DC voltage sources as in Figure 2. The polarity and level generation in made by a 
combination of six unidirectional switches S1, S3, S6, S8, S9, S10, four bidirectional switches ‘S2, ‘S4, ‘S5, 
‘S7. By controlling the DC sources of VDC1, VDC2, VDC3, VDC4, VDC5 and VDC6 via a different set of current 
paths yields a 15-level RSMLI output. 
 

S3

‘S4VDC1

S1

VDC2

VDC1 = VDC6 =400V
VDC2 = VDC4 = 200V
VDC3 = VDC5 = 100V

VDC4

‘S5

‘S2

S8S6

VDC3 VDC5‘S7

VDC6

S10

S9

 
Fig. 2. Schematic of Topology II as adapted from [13]  
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2.2 The Algorithm of Topology II, 

 
The DC voltage values for Topolody II is given by Eq. (2), 

 
VDC1 = 400V, VDC2 = 200V, VDC3 = 100V, VDC4 = 200V, VDC5 = 100V, VDC6 = 400V (2) 

The asymmetric DC voltage is composed to yield each staircase level for a positive level output as 
in Table 3. The voltage value is made in per unit for a simplification, 
 

Table 3 
Mathematical expression of per level voltage  

Staircase level Per level voltage (positive voltage level) 

Level I V1 = VDC5 = 1Vpu, 
Level II  V2 = VDC4 = 2Vpu,  
Level III V3 = VDC4+ VDC5 = 3Vpu, 
Level IV V4 = VDC6= 4Vpu, 
Level V V5 = VDC5 + VDC6 = 5Vpu, 
Level VI V6 = VDC4 + VDC6 = 6Vpu, 
Level VII V7 = VDC4 + VDC5 + VDC6 = 7Vpu 

 
Then, different combinations of DC voltages are synthesized to composed for negative output 

levels. VDC1 = 400V, VDC2 = 200V, VDC3 = 100V are for positive level while VDC4 = 400V, VDC5 = 200V, VDC6 
= 100V are composed for the negative side. All the positive and negative polarities are achieved with 
alternate combination of switches and summarized in Table 4. 
 

Table 4 
Switching state for 15-level single-phase RSMLI (Topology II) 
Polarity Level 

MLI Output 
Complementary switches Complementary & voltage level switches 

S1 S3 S6 S8 ‘S2 ‘S4 ‘S5 ‘S7 S9 S10 Staircase voltage, Vo 

1 0 1 0 0 0 1 0 0 0 0 
1 0 0 1 1 0 0 1 0 1 V1 
0 1 1 0 0 0 0 0 0 1 V2 
1 0 1 0 0 0 0 0 0 1 V3 
0 1 0 1 1 0 0 1 1 0 V4 
1 0 0 1 1 0 0 1 1 0 V5 
0 1 1 0 0 0 0 0 1 0 V6 
1 0 1 0 0 0 0 0 1 0 V7 

1 0 1 0 0 0 1 0 0 1 0 
0 1 1 0 0 0 1 0 0 0 -V1 
1 0 0 1 1 0 1 1 0 0 -V2 
0 1 0 1 1 0 1 1 0 0 -V3 
1 0 1 0 0 1 0 0 0 0 -V4 
0 1 1 0 0 1 0 0 0 0 -V5 
1 0 0 1 1 1 0 1 0 0 -V6 
0 1 0 1 1 1 0 1 0 0 -V7 

 

2.3 RSMLI’s Voltage Stress 

 
By arranging a combination of DC Source and switches, several RSMLI topologies can be obtained. 

The value of voltage stress across the switches is an important variable in evaluating RSMLI reliability 
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[12]. To simplify the calculation, voltage expression in Eqs. (1)-(2) are considered in Vpu,. The voltage 
stress calculation for each corresponding circuit is computed as in Eqs. (3)-(10).  Total Blocking 
Voltage (TBV)pu for Topology I is given by, 
 
Topology 1, 

a. Unidirectional switches, 
 
𝑆1 = 𝑆2 = 𝑉𝐷𝐶1 = 𝑉𝑝𝑢 

𝑆5 = 𝑆6 = 𝑉𝐷𝐶3 = 2 𝑉𝑝𝑢 

𝑆3 = ′𝑆4 = 𝑉𝐷𝐶1 + 𝑉𝐷𝐶2 + 𝑉𝐷𝐶3 + 𝑉𝐷𝐶4 = 11 𝑉𝑝𝑢 (3) 

 
b. Bidirectional switches, 
 

′𝑆4 = ′𝑆8 = 𝑉𝐷𝐶1 + 𝑉𝐷𝐶2 + 𝑉𝐷𝐶3 = 7 𝑉𝑝𝑢 (4) 

 
Then, 

∴ 𝑇𝐵𝑉pu = (2 ∗ 𝑉𝑝𝑢) + (2 ∗ 2𝑉𝑝𝑢) + (2 ∗ 11𝑉𝑝𝑢) + (4 ∗ 7𝑉𝑝𝑢) = 56 𝑉𝑝𝑢 (5) 

  

Thus, the maximum blocking voltage (MBV) is given, 

∴Highest switch rating,  𝑀𝐵𝑉 = 11 𝑉𝑝𝑢 (6) 

 
Topology 2,  
TBV for Topology II is given by,  
 
a. Unidirectional switches, 

 
  𝑆1 = 𝑆3 = 2𝑉𝐷𝐶2 = 4 𝑉𝑝𝑢 

  𝑆6 = 𝑆8 = 2𝑉𝐷𝐶1 = 2 𝑉𝑝𝑢 

𝑆9 = 𝑆10 = 2(𝑉𝐷𝐶1+𝑉𝐷𝐶2 + 𝑉𝐷𝐶3) = 12 𝑉𝑝𝑢 (7) 

 
b. Bidirectional switches, 

 
 𝑆2 = 𝑉𝐷𝐶2 = 2 𝑉𝑝𝑢 

 𝑆4 = 𝑆5 = 2(𝑉𝐷𝐶1+𝑉𝐷𝐶2) + 𝑉𝐷𝐶3 = 9 𝑉𝑝𝑢 

𝑆7 = 𝑉𝐷𝐶1 = 𝑉𝑝𝑢 (8) 

  

∴ 𝑇𝐵𝑉pu = (2 ∗ 4𝑉𝐷𝐶) + (2 ∗ 2𝑉𝐷𝐶) + (2 ∗ 12𝑉𝐷𝐶) + (2𝑉𝐷𝐶) + (2 ∗ 9𝑉𝐷𝐶)

+ (𝑉𝐷𝐶) = 57 𝑉𝑝𝑢 

(9) 

 
Thus, the maximum blocking voltage (MBV) is given by, 
 

 

∴Highest switch rating,  𝑀𝐵𝑉 = 12 𝑉𝑝𝑢 (10) 
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2.4 The comparison analysis 

 
Table 5 shows the comparison of both RSMLI topologies presented in this paper. All the 

comparison is made in extended three-phase concept. The three-phase simulation results for 
Topology I and II are shown Section 3. 
 

Table 5 
Comparison of Three-phase RSMLI topologies 

 Topology I Topology II 

Three-phase voltage level 29 29 
Number of switches 30 42 
Number of DC source 12 18 
DC source ratio progression Binary 1:2:4 Binary 1:2:4 
Maximum number of On-state switches 9 9 
Highest rating switches 11 Vpu 12 Vpu 
Total blocking voltage 168 171 
Circuit complexity  
(unidirectional/bidirectional switches) 

18 unidirectional 
6 bidirectional 

18 unidirectional 
12 bidirectional 

Symmetry/ Asymmetry Asymmetry Asymmetry 

 
2.5 Modulation strategy 

 
Simulation model for both topologies is performed on PSIM in an extended model of three-phase 

and fundamental frequency modulation. The amplitude of the nth harmonic of the inverter phase 
voltage can be obtained from the sum of the output voltages in Eq. (11), 

 

 𝑉𝐴𝑁 =
4𝑉𝐷𝐶

𝑛𝜋
((𝑉𝐷𝐶1𝑐𝑜𝑠(𝛼1) + 𝑉𝐷𝐶2𝑐𝑜𝑠(𝛼2) + 𝑉𝐷𝐶3𝑐𝑜𝑠(𝛼3) + 𝑉𝐷𝐶4𝑐𝑜𝑠(𝛼4)+ 

𝑉𝐷𝐶5𝑐𝑜𝑠(𝛼5) + 𝑉𝐷𝐶6𝑐𝑜𝑠(𝛼6)+𝑉𝐷𝐶7𝑐𝑜𝑠(𝛼7)) 

 

𝑉𝐴𝑁 =
4𝑉𝐷𝐶

𝑛𝜋
((𝑉𝐷𝐶1𝑐𝑜𝑠(5𝛼1) + 𝑉𝐷𝐶2𝑐𝑜𝑠(5𝛼2) + 𝑉𝐷𝐶3𝑐𝑜𝑠(5𝛼3) + 𝑉𝐷𝐶4𝑐𝑜𝑠(5𝛼4)+ 

𝑉𝐷𝐶5𝑐𝑜𝑠(5𝛼5) + 𝑉𝐷𝐶6𝑐𝑜𝑠(5𝛼6)+𝑉𝐷𝐶7𝑐𝑜𝑠(5𝛼7)) 

 

                                                          ⁝ 

𝑉𝐴𝑁 =
4𝑉𝐷𝐶

𝑛𝜋
((𝑉𝐷𝐶1𝑐𝑜𝑠(19𝛼1) + 𝑉𝐷𝐶2𝑐𝑜𝑠(19𝛼2) + 𝑉𝐷𝐶3𝑐𝑜𝑠(19𝛼3) +

𝑉𝐷𝐶4𝑐𝑜𝑠(19𝛼4)+ 𝑉𝐷𝐶5𝑐𝑜𝑠(19𝛼5) + 𝑉𝐷𝐶6𝑐𝑜𝑠(19𝛼6)+𝑉𝐷𝐶7𝑐𝑜𝑠(19𝛼7))       (11) 
 

where, 𝛼1, 𝛼2, … are switching angles 

and  𝑉𝐴𝑁(𝑡) = 𝑉1(𝑡) + 𝑉5(𝑡) + ⋯ + 𝑉19(𝑡)  

 
Hence, Total Harmonic Distortion (THD) is given by Eq. (12), 
 

𝑇𝐻𝐷 =
√∑ (𝑉𝑛)249

𝑛=5,7,11…

𝑉1
   

 
(12) 

 

where, 𝑉1is a fundamental voltage and 𝑉n are voltages of the nth harmonic 
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The obtained switching angles by varying 0.4 < Mi < 0.8 are as in Table 6.  These values are 
calculated based on the non-linear component in Eq. (11) and the system’s THD are calculated by 
using Eq. (12). 

 
Table 6 
Switching angles result with varying modulation indices 
Mi α1 α2 α3 α4 α5 α6 α7 THD 

0.40 34.62 43.74 52.99 63.51 75.29 89.00 89.00 5.92 
0.45 34.89 41.36 50.54 58.91 68.66 80.40 89.00 4.58 
0.50 33.77 41.16 48.94 56.94 65.67 75.46 87.12 4.96 
0.55 21.37 35.24 48.42 53.76 62.93 70.45 89.00 4.21 
0.60 14.13 25.86 38.61 52.61 58.66 67.24 89.00 3.77 
0.65 11.34 28.41 38.80 45.59 58.70 61.40 77.68 3.74 
0.70 6.20 21.43 31.99 42.80 49.60 61.45 74.51 2.89 
0.75 1.00 9.00 14.11 22.93 32.16 43.27 89.00 2.73 
0.80 7.63 13.01 21.07 27.90 39.46 55.13 62.45 2.59 

 
3. Results  
3.1 Voltage Profile 
 

This section discusses the results obtained from the simulation study. A SHEPWM modulation is 
used with selected modulation index solution of 0.8 from Table 4. The gating signal of Topology I and 
II are shown in Figure 3 and Figure 4 to demonstrate the three-phase RSMLI for Topology I and II 
structures. 
 

 
Fig. 3. Gating signal for Topology I 
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Fig. 4. Gating signal for Topology II 

 

Both topologies run in fundamental frequency modulation with Mi of 0.8 and Figure 5 shows a 
compatible three phase output voltage which is similar for Topology I and II.  
 

 
Fig. 5. Line-to-line output voltage of three-phase multilevel inverter 

 

3.2 Harmonic Profile 

 

Figure 6 shows the obtained harmonic profile. The first significant harmonic that exceed 8% is at 

the 31st harmonics. The total harmonic distortion (THD) is 2.4% for both topologies. 
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Fig. 6. FFT analysis for Selective Harmonic Elimination at modulation index value 
of 0.8 

 
4. Conclusions 
 

This paper compares two reduced-switch multilevel inverter topologies with an asymmetrical 
structure. The magnitude voltage and harmonic profile for both structures are analysed. Based on 
the comparisons, Topology I provide a better structure than Topology II; moreover, the fact that 
Topology II has two additional DC sources does not reduce circuit stress. Each topology has the same 
number of on-state switches and reasonable voltage stress. Topology I have the fewest number of 
circuit components and the lowest maximum switch rating of 11 Vpu. Despite having a different 
number of DC sources and switches, Both RSMLI circuits produce the same output voltage with a 
reduced THD of 2.4%.   

 
From the analysis, has helps to compute six design consideration to model a new reduced-switch 

topology. As such, the design considerations are: 
i) The number of voltage level for a new reduced-switch multilevel inverter topology 

ii) Symmetric or asymmetric DC source configurations and ratio progression  
iii) Switches combination to compute voltage level 
iv) Switches combination to control circuit polarity 
v) Unidirectional or bidirectional type of switches to control current direction  

vi) Isolation of the multiple DC sources in single circuit to prevent circuit error, short circuit 
and reverse voltages. 

vii) The rating of switches, switching sequence, on-state switches, and switching distribution 
to yield the desired voltage level of reduced-switch multilevel inverter. 

 
As to conclude, the design criteria of Topology I and Topology II as well as its output and harmonic 

profile are summarized in this paper.  
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