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Abstract

This paper presents symmetric and asymmetric multilevel inverter principles using reduced number of switching devices circuit structure.
Principally, asymmetric multilevel inverter topology able to produce higher output voltage level without modification of the structure in
order to reduce total harmonic distortion at the output voltage. In contrast, the number of switching devices need to be increased with
symmetric principle when higher output voltage level is considered. In this study, 5-level reduced number of switching devices circuit
structure is selected as a circuit configuration for symmetric (5-level structure) and asymmetric (7-level and 9-level structures) multilevel
inverters. For switching strategy, modified pulse width modulation and sinusoidal pulse width modulation are selected to produce output
voltage levels of the inverter. Modified pulse width modulation used low switching frequency in producing signal and needs higher out-
put voltage levels to achieve low total harmonic distortion. In contrast, sinusoidal pulse width modulation used high switching frequency
in order to minimize total harmonic distortion. Theoretically, total harmonic distortion is reduced when number of output voltage level is
increased for both cases. The findings show that, the 9-level asymmetric topology has lower total harmonic distortion compared to the 5-
level symmetric topology and 7-level asymmetric topology, whereby these inverters using the same circuit configuration. The results
show that, the total harmonic distortions of 9-level asymmetric topology, 7-level asymmetric topology and 5-level symmetric topology
are 14.54%, 18.08% and 26.92%, respectively with sinusoidal pulse width modulation switching strategy. Meanwhile, with modified
pulse width modulation switching strategy, the total harmonic distortions of 9-level asymmetric topology, 7-level asymmetric topology
and 5-level symmetric topology are 18.7%, 21.68% and 28.99%, respectively. Therefore, 9-level asymmetric with sinusoidal pulse width
modulation switching strategy show the lowest total harmonic distortion with optimum number of switching devices.

Keywords: Pulse Width Modulation; Sinusoidal Pulse Width Modulation; Symmetric and Asymmetric Multilevel Inverter; Total Harmonic Distortion.

1. Introduction Currently, there are numerous of researches conducted referring to
these three main topologies. Basically, the primary objective in
creating multilevel inverters is to maintain a low harmonic distor-
tion (THD) at output side by considering less numbers of semi-
conductor devices [4][5]. Several improvements had been done in
order to produce high efficiency converter. For example, several
researchers are focusing on reducing semiconductor devices by
rearranging the circuit configuration [6][7]. Several topologies had
been introduced in order to reduce the number of semiconductor
devices such as symmetric multilevel inverter (SMLI) and asym-
metric multilevel inverter (AMLI) which improve conventional
multilevel inverter structures. Generally, the asymmetric topology
which can be reducing the number of semiconductor devices that
implemented in the conventional inverter structure. Then, almost
half the numbers of semiconductor devices can be reduced [8].
Therefore, power losses in semiconductor devices especially
switching loss can be drastically reduced. The obvious difference
between symmetric and asymmetric is the DC sources. Whereby,
in symmetric topology all DC sources voltage are same, mean-
while in asymmetric topology each DC source voltage is different
[9]. These two topologies had been selected and become the main
focus in this study.

This paper focuses on symmetric and asymmetric multilevel in-
verter topologies by using two modulation techniques, i.e., modi-

Generally, power inverters are one of converter that converting
direct current (DC) to alternating current (AC) for any systems
that required this type of power conversion [1]. Multilevel invert-
ers (MLI) have become a selection for uses in electric utility and
for medium to high power industrial applications. In a recent
number of years, the industry has begun to request greater power
equipment, which now reaches the megawatt level and start to
grow even further. For these causes, MLI have been developed as
the key for working with higher voltage levels. Generally, MLI
consists of an array of power semiconductors and direct current
(DC) voltage sources, then the output voltages with stepped wave-
forms will be generated. MLI consists of three main different to-
pologies, i.e., neutral point clamp multilevel inverter (NPCMLI),
flying capacitor multilevel inverter (FCMLI) and cascaded H-
bridge multilevel inverter (CHBMLI) [2]. Specifically, multilevel
inverter has the advantages of generating better output quality by
consideration number of level and modulation technique used [3].
For example, by considering suitable design of modified pulse
width modulation (MPWM) technique, inverters are able to elimi-
nate unwanted harmonic.
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fied pulse width modulation (MPWM) and sinusoidal pulse width
modulation (SPWM). Total harmonic distortion (THD) is ob-
served in simulation of SMLI and AMLI by using MPWM and
SPWM techniques. Therefore, simulation works are conducted in
order to confirm the principles of SMLI and AMLI

2. Multilevel Inverter

Figure 1 is the illustration of the concept for symmetric and
asymmetric topologies. The concept of symmetric topology is
same with cascaded H-bridge topology which increase number of
switching devices to achieve higher level of output voltage. In
contrast, asymmetric topology used the same number of switching
device as symmetric topology to achieve higher level of output
voltage [10]. In this study, 5-level cascaded H-bridge structure is
selected to implement symmetric and asymmetric topologies.
From Fig. 1, it shows that by maintaining the number of switching
devices in 5-level symmetric can increase the number of output
level using asymmetric topology. Therefore, using asymmetric
topology in cascaded H-bridge structure automatically can re-
duced the number of switching devices in order to achieve higher
level of output voltage.
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Fig. 1: Symmetric and asymmetric concept
2.1. Cascaded H-Bridge principle

Cascaded structure includes several modules and each module
consists of a DC source and four switches in H-bridge configura-
tion. Each module able to generate two and three output voltage
levels. The conventional cascaded shows the number of level pro-
portional to the number of switching devices. To determine the N-
level of structure, expression Nievel = 2n + 1 is used where n is
number of DC source. Thus, in order to generate 9-level output
voltage, four modules consist of four separated DC sources must
be considered and expression Nsw = 6(n-1) is used to estimate the
required number of switching devices. Figure 2 shows the N-level,
single-phase CHBMLI. The AC output voltage of each module is
connected in series in order to form an output voltage, Vout. The
number of H-bridge module (M), depends on the number of levels
(N) required and can be written as M = (N-1)/2.
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Fig. 2: Structure of Cascaded H-Bridge MLI
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2.2. Symmetric and asymmetric MLI principles

In reduced number of switching devices circuit structure, the DC
voltage may or may not be equal. If DC voltage given to all source
is same, the converter is called symmetric multilevel inverter
(SMLLI). Otherwise, if DC voltage is different, then it is called
asymmetric multilevel inverter (AMLI). SMLI principle is same
as CHBMLI principle where the number of output level depends
to the numbers of switches. In AMLI, DC voltage with ratio bina-
ry and ternary are the most popular [11]. In binary progression, the
DC voltages have ratio of 1: 2: 4: 8. . : 2N and the maximum volt-
age output would be (2N-1) V and the voltage levels will be
(2N+1-1). While in the ternary progression shows the amplitude
of DC voltages have ratio of 1: 3: 9: 27. . : 3N and the maximum
output voltage reaches to ((3N- 1)/2) V and the voltage levels will
be (3N). Common advantage of asymmetric topology is, it able to
generate high level of output voltage by using the same structure
of symmetric topology. As an example, for asymmetric topology
with different DC voltages, i.e., Vdcl = Vdc, Vdc2 = 2Vdc, Vdc3
=4Vdc, Vdc4 = 8Vdc and so on compared to symmetric topology,
i.e., Vdcl=Vdc2=Vdc3. Asymmetric topology with the DC
sources has different values and modulation technique is complex
and can upgrade the level up to two level higher. Figure 3 shows
the circuit structure that been selected for 5-level SMLI and 7-
level AMLI while Fig.4 shows the circuit structure for 9-level
AMLI where there is an additional switch. Based on circuit struc-
ture, it able to generate five level of output voltages. By applying
asymmetric principle in this structure, it able to generate up to
seven and nine level of output voltages. 16 switches are needed for
the conventional cascaded structure to generate nine level of out-
put voltages compared to AMLI which just needed 7 switches to
produce nine level of output voltages. Therefore, the number of
switching devices and switching loss are reduced.



236

International Journal of Engineering & Technology

T Of 3 S
Vot L oad

82 D2I SC" SE;JE}
Vdc2-|-
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Fig. 4: Circuit structure for 9 level AMLI

2.3. Modulation techniques

Modified Pulse Width Modulation (MPWM) is a technique to
generate low frequency output signals from high frequency pulses.
Based on MPWM concept, if a duty cycle changed sinusoidally, a
sinusoidal voltage can be generated at the output. In its simplest
form PWM output signals are constructed by comparing two con-
trol signals as shown in Fig.4, several carrier signals and a modu-
lation signal is known as sinusoidal PWM [12]. The carrier signal
is a high frequency of triangular waveforms. If the peak of the
modulation is less than the peak of the carrier signal, the output
will follow the shape of the modulation signal.

Modulation Signal

Carrier Signal

Fig. 5: Sindsoidal PWM

Generation of MPWM and SPWM switching signals are based on
the operation mode of circuit structure. Table 3 shows the switch-
ing sequence to generate 5-level SMLI that the highest level is
+2Vdc. Two DC voltages connected as the input sources and
summation both voltages generate the level of output voltage by
switching ‘ON’ of S1, S2, SA and SB. Then, +Vdc generated

when the circuit operated and connecting only one DC voltage in
‘ON’ state of S2, SA and SB. If only SA is ‘ON’, the output volt-
ageisO V.

Table 1: Switching sequence for 5-level symmetric cascaded MLI

Vout Sy S, Sa Se Sc Sp
+2Vgc 1 1 1 1 0 0
+Vie 0 1 1 1 0 0
0 0 0 1 0 0 0
-Vie 0 1 0 0 1 1
-2Vgc 1 1 0 0 1 1

Tables 2 and 3 show the switching sequence for 7-level and 9-
level ACMLLI, respectively. Output voltage for SCMLI is a sum-
mation between two DC voltages. Different with ACMLI, where-
by the output voltage generated involves the addition and subtrac-
tion operations between two DC sources in order to generate high-
er level with regard to the structure capability. The modulation
technique for ACMLI is complicated compared to the SCMLLI,
whereby the level of output voltage need to be specified accord-

ingly.

Table 2: Switching sequence for 7-level asymmetric cascaded MLI
Vout Sl S2 SA SB Sc SD
+3Vie 1 1 1 1 0 0
+2Vgc 0 1 1 1 0 0
+Vc 1 0 1 1 0 0
0 0 0 1 0 0 0
-Vic 1 0 0 0 1 1
-2Vic 0 1 0 0 1 1
-3V 1 1 0 0 1 1
Table 3: Switching sequence for 9-level asymmetric cascaded MLI
Vout Sl Sz 83 SA SB SC SD
+4Vyc 1 1 0 1 1 0 0
+3Vie 0 1 0 1 1 0 0
+2Vie 0 0 1 1 1 0 0
+Vie 1 0 0 1 1 0 0
0 0 0 0 1 0 0 0
-Vae 1 0 0 0 0 1 1
-2V 0 0 1 0 0 1 1
-3Ve 0 1 0 0 0 1 1
-4V ge 1 1 0 0 0 1 1

Tables 1, 2 and 3 can be used for both modulation techniques,
MPWM and SPWM which the circuit operation mode is same.
The different between these two modulation techniques is the
quality of the output voltage generate by the circuit structure.
Theoretically, SPWM able to produce higher quality of the output
voltage than MPWM.

2.4. Symmetrical and asymmetrical features

2.4.1. Features

The implementation of SMLI and AMLI is same but the DC volt-
ages are different for both topologies. Table 4 shows the details
about the principle and difference between these topologies. Prin-
cipally, AMLI is better in terms of THD and number of switches
compared to the SMLI, where the AMLI able to generate higher
level of output voltage using the same circuit of SMLI. Ternary
method has a potential to generated two levels of output voltage
higher than SMLI. Some structures need a combination of two
topologies to create an AMLI, however by using this circuit struc-
ture, SMLI and AMLI topologies can be applied because the
structure is appropriate. Specifications of SMLI and AMLI in this
study is shown in Table 5.

Table 4: Comparison of symmetric and asymmetric principles

Symmetric mul- Asymmetric multilevel inverter

tilevel inverter Binary Ternary

Number of dc N N N
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voltage
VdClv Vdcly
Dc voltage V=V
voltag g Ve Vic=2Ve1 Vieo=3Via
Nun_]ber of AN AN AN
switches
Output level 2N+1 A g
Vout max (pu) N 2N-1 (3N-l)/2
Potential to
generate higher No Up to_one level | Up to_two level
level higher higher

Table 5: Specification of symmetric and asymmetric features

Symmetric multi- Asymmetric multilevel inverter
level inverter Binary Ternary
Number of dc 2 2 2
voltage
Via =170V Vi =113V Vi1 =85V
DEUIETE Vi = 170 V. Vi =226V | Vg =255V
Number of 8 8 8
switches
Output level 5 7 9
Vout max (pu) 2 3 4

2.4.2. Operation mode

Operation mode shown in Fig. 6 is for 5-level SMLI and 9-level
AMLI. Figure 6(a) shows the operation of SMLI and AMLI to
generate the highest level for each circuit where the summation
between both DC voltages produce +2Vdc and +3Vdc consecu-
tively. In order to generate +2Vdc for AMLI and +Vdc, only sec-

ond DC voltage connected as shown in Fig. 6(b) to create the level.

Voltage +Vdc for 7-level AMLI is produced by connecting Vdcl
in the operation of the circuit shown in Fig. 6(c). To obtain zero
level, none of the DC voltages is connected for both topologies.
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Fig. 6: Mode of operation for 5-level SMLI and 7-level AMLI

Operation mode shown in Figure 7 is for 9-level AMLI. Figure
7(a) shows the operation of AMLI to generate the highest level
where the summation between both DC voltages produce +4Vdc.
In order to generate +3Vdc for AMLI, only second DC voltage
connected as shown in Figure 7(b) to create the third level. The
subtraction between Vdc2 and Vdcl is shown in Figure 7(c), it
generates +2VVdc for AMLI as the second level. Voltage +Vdc is
produced by connecting VVdc1 in the operation of the circuit shown
in Figure 7(d). To obtain zero level, none of the DC voltages is
connected as shown in Figure 7(e). Based on the operation mode
for both topologies, it shows that SMLI does not involve subtrac-
tion between DC voltages to generate output level but AMLI in-
volves the subtraction operation in order to produce another level.
Therefore, different DC voltages help AMLI to increase the level
of output voltage compared to SMLI.
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3. Results and analysis

3.1. Simulation result using MPWM

Figure 8 shows the results of SMLI and AMLI using MPWM
technique. Figure 8(a) shows the simulation result of the 5-level
output voltage of SMLLI, it proves this structure only able to gener-
ate five levels of the output voltage by connecting two same DC
voltages. Figure 8(b) shows the results for 7-level of output volt-
age of the AMLI with different DC voltages, i.e., Vdc1=113 V
and Vdc2=226 V using the same circuit structure of the SMLI. It
proves the switching sequence of Table 2 able to generate up to
seven voltage levels. Furthermore, by applying switching se-
quence of Table 3 in the same circuit with different DC voltages,
Vdc1=85 V and Vdc2=255 V, it able to generate up to nine levels
of output voltage as shown in Fig. 8(c). The principle of symmet-
ric and asymmetric MLI are proved by the simulation results.
Switching frequency for the MPWM is 50 Hz and the output fre-
quency is 50 Hz as well.
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Fig. 8: Simulation results using MPWM

3.2. Simulation result using SPWM

Figure 9 shows the results of SMLI and AMLI using SPWM tech-
nique. Figure 9(a) shows the simulation result for 5-level output
voltage of SMLLI, it proves this structure only able to generate five
levels by two same DC voltages. Figure 9(b) shows the results for
7-level of output voltage of the AMLI with different DC voltages,
Vdc1=113 V and Vdc2=226 V using the same circuit structure of
the SMLI. It proves the switching sequence of Table 2 able to
generate up to seven voltage levels. Furthermore, by applying
switching sequence of Table 3 in the circuit that added an addi-
tional switch with different DC voltages, Vdc1=85 V and
Vdc2=255V, it able to generate up to nine levels of output voltage
as shown in Fig. 9(c). The principle of symmetric and asymmetric
MLIs are proved by the simulation results. The switching frequen-
cy for the SPWM is 2 kHz and the output frequency are 50 Hz.
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Fig. 9: Simulation results using SPWM

3.2. Total Harmonic Distortion (THD)

THD results of the SMLI and AMLI for MPWM and SPWM is
shown in Table 5. Referring to the 5, 7 and 9 levels of the MLIs,
the SPWM shows the lowest THD content compared to the
MPWM. Thus, the quality of output voltage from the SPWM is
higher (closer to sinusoidal waveform) compared to MPWM.

Table 5: THD based on topologies structure and level of output voltage
using MPWM and SPWM

Topology Level of Output THD%
Voltage MPWM SPWM
SCMLI 5 28.99 26.82
ACMLI 1 7 27.80 18.08
ACMLI 2 9 18.70 14.54

4. Conclusion

In this paper, comparison between symmetric and asymmetric
MLIs is analysed based on two modulation techniques, i.e.,

MPWM and SPWM, in order to observe the THD performance at
the output voltage. From the results, it has been observed that by
increasing output level of MLI, the THD is reduced significantly.
In this study, asymmetric MLI shows the lowest THD by produc-
ing the highest level which is 9 by using the same circuit structure
with symmetric MLI and an additional switch. Between MPWM
and SPWM techniques, SPWM shows lower THD than MPWM.
The finding shows, asymmetric MLI of 9-level with SPWM
switching technique produces the lowest THD compared to others.
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