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count in multilayer inverter (MLI) design has emerged as a
new area of study, and it becomes relevant when reduced
switch MLIs (RSMLIs) perform as well as traditional MLIs
[3]-[5]. However, RSMLIs' switching operations are not
identical to those of conventional MLIs, which is a critical
issue in switch management. In certain circumstances, the
decreased switching approach used in MLIs conflicts with
specific algorithms, such as the Newton Raphson technique,
which requires a strong initial prediction for the firing angles
[3],[4].
A recent study shows that many researchers started to
work on the Symmetrical Cascaded Switched-Diode (SCSD)
topology. In [5], the author using SCSD topology to form a
seven-level multilevel inverter with firing angles are tuned
using fuzzy logic controller. The same SCSD perform in [6]
and the direction mainly focused on the impact of the
modulation index on the MLIs level and THD contributions.
The research uses a seven-level voltage inversion technique
and combines it with a boost converter to enhance the MLI's
staircase output voltage. In [7] shows the simplest RSMLIs for
nine-level voltage inversion. However, since there are no
blocking diodes in the design to protect the power supply units
from the reverse voltage phenomena, the architecture needs
proper switching control.

Abstract—Multilevel inverters (MLIs) are power electronic
circuits that is used to replace traditional two-level inverters.
MLIs allow for more flexible control of the dv/dt and di/dt
ratios, as well as a greater number of output levels in voltage
and current in staircase waveforms. The design of a traditional
multilevel inverter, on the other hand, necessitates additional
power switches and has limitations in a broad variety of
applications. In this paper, the new approach known as
Symmetrical Cascaded Switched-Diode (SCSD) is used to form
a nine-level output voltage with fewer switches and its aim to
remove low-order harmonics like the 3rd, 5th, and 7th. The
switching angles were determined using the Artificial Bee
Colony (ABC) Optimizer method and non-linear equations
obtained from the Fourier series of the output voltage and
current waveform. The suggested circuit was tested with two
modulation indices, modelled using PSIM software, and
assessed by experimentation. THD for modulation index 0.62 is
around 7.09 percent for simulation and 7.7 percent for
experimental results, while modulation index 0.84 produces 4.08
percent for simulation and 4.5 percent for experimental results.
Keywords— Multilevel Inverter, Reduced Switch, Symmetrical
Cascaded Switched-Diode, Total Harmonic Distortion.

I. INTRODUCTION
A significant increase in the usage of renewable energy
sources, such as solar photovoltaic (PV) and wind turbine
systems, is required urgently to combat climate change. As a
consequence, renewable energy resources have received
considerable attention and development, owing to their
efficiency and near-zero pollution [1]. An electrical converter
using power electronics related circuit are the most common
circuit used due to its circuit simplicity and cost effectiveness.
In the field of power electronics, multilevel inverter systems
provide a greater number of voltage levels than two-level
inverters, which are extensively employed in medium-voltage
high-power applications [1],[2]. Recently, reduced switch
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This paper proposes a single-phase nine-level with a
SCSD topology to increase output voltage level and reduce
switch count. The switching angles are optimized using the
Artificial Bee Colony algorithm to minimize low-order
harmonics.
II. PROPOSED TOPOLOGY & PROBLEM FORMULATION
If compared to a conventional unipolar SPWM inverter,
any topology in the MLIs circuit has better switching stress
and superior in overvoltage protection [8]-[11]. The
traditional MLIs need 16 power switches to create a nine-level
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voltage waveform. M = (N x 2) +1 is the easiest method to
interpret the voltage level for each H-bridge, where M is the
number of voltage levels and N is the unit of H-bridge utilised
in the specified topology [12],[13]. Due to the switching
intervals are different and the circuit uses lower power
switches, the same formula cannot be applied for the
suggested topology. The nine-level topology depicted in Fig.
1 is based on the SCSD idea, which needs just 8 power
switches, which is almost half the number needed in a
conventional circuit.

levels (d). The full arrangement of switch 1 till switch 8
tabulated in Table I.
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Fig 2. Proposed nine-level switching pattern
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Fig. 1. Proposed nine-level MLIs

+

D1

The conventional multilevel inverter is studied and it is
noticeable that some of the switching sequence is repeated in
other switches which can be replace using the same switch
but with a proper control of the timing sequence. With this
understanding, the redundant switching sequence can be
neglected by introducing a new circuit topology as in Fig. 1.
The SCSD topology in Fig. 1 has eight power switches and
the switching pattern are separated into two sections where
S1 - S4 are forming the nine-level pattern and S5 – S8 handle
the alternate process of AC voltage waveform. The timing
sequence of proposed SCSD shown in Fig. 2. Among all the
eight switches, S1 – S4 firing angles are calculated using
ABC Optimizer as these switches will control the shape of
nine-level voltage waveform and be an indicates the quality
of the generated output voltage.
The blocking diode in the circuit prevents unidirectional
current from flowing from the power switch's voltage-drainsource leg [14]. For example, during Vdc3 conduction,
diodes D1 and D2 become reverse biased and block the flow,
preventing the switching pattern from being disrupted. When
it comes to harmonic elimination studies, switching patterns
in MLIs are critical since even a modest voltage or current
appearing as a voltage spike owing to an inappropriate
switching pattern may result in harmonic distortion [15]. Fig.
3(a) shows the whole circuit conduction that generates
various output voltage levels. Fig. 3(b) depicts the complete
circuit conduction that generates various output voltage

Vdc1
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Fig. 3(a). Condition of +VDC1

S7

D3
D2

Vdc 2

−Vout

+

S2

Vdc1

-
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Fig. 3(b). Condition of -VDC2
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VAN (t ) =

S5

D3
S3

Vdc 3

+

4Vdc
n =1,3,5.. n

 Vdc1 cos ( n1 ) + Vdc 2 cos ( n 2 ) + 


 Vdc 3 cos ( n 3 ) + Vdc 4 cos ( n 4 ) 
(1)

Each harmonic order “(2)” must be equalised to zero
magnitudes to remove the desirable harmonics, enabling the
algorithm to find the ideal angles that suit the zero-magnitude
solution for each harmonic order. The firing angles must be
arranged in 1  2  3   4  ..  90 .

+Vout

Vdc 2





-

Vdc1 cos (1 ) + Vdc 2 cos ( 2 ) + Vdc 3 cos ( 3 )
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Vdc1

+Vdc 4 cos ( 4 ) = sma
Vdc1 cos ( 31 ) + Vdc 2 cos ( 3 2 ) + Vdc 3 cos ( 3 3 )
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Fig. 3(b). Condition of -VDC2

Vdc1 cos ( 51 ) + Vdc 2 cos ( 5 2 ) + Vdc 3 cos ( 5 3 )
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Vdc1 cos ( 71 ) + Vdc 2 cos ( 7 2 ) + Vdc 3 cos ( 7 3 )
+Vdc 4 cos ( 7 4 ) = 0

Vdc 3

−Vout

+

For the whole range of ma, the ABC technique is employed
to solve “(2)” . An objective function is necessary for the
optimization procedure to guarantee that the lower-order
harmonics are removed. To identify the optimal solution, the
goal Objective Function (OF) in “(3)” for the nine-level
inverter will be found to guarantee that the 3rd, 5th, and 7th
harmonics are removed and the fundamental component is
met.

-

Vdc 2
S8

Vdc1

4

s
V
VD − V1
1

OF1 = 100
+  50 hs
VD
V1

s = 2 hs


Fig. 3(d). Condition of -VDC4
TABLE I. SWITCHING SCHEMES OF NINE-LEVEL MLIS
Switching
pattern
0
VDC1
VDC2
VDC3
VDC4
0
0
-VDC1
-VDC2
-VDC3
-VDC4
0

S1

S2

S3

S4

S5

S6

S7

S8

0
1
0
0
0
0
0
1
0
0
0
0

0
0
1
0
0
0
0
0
1
0
0
0

0
0
0
1
0
0
0
0
0
1
0
0

0
0
0
0
1
0
0
0
0
0
1
0

0
1
1
1
1
1
1
0
0
0
0
0

1
1
1
1
1
0
0
0
0
0
0
1

0
0
0
0
0
1
1
1
1
1
1
0

1
0
0
0
0
0
0
1
1
1
1
1

2






(3)

Where n is the harmonic order, VD is the required
fundamental voltage, V1 is the fundamental voltage, while V3,
V5, and V7 is the 3rd, 5th and 7th harmonic voltage respectively.
III. ARTIFICIAL BEE COLONY
Another method for solving optimization issues is the
ABC methodology, which is a biologically inspired genetic
algorithm that mimics bee behaviour. Honey bee features are
used in the ABC algorithm. The algorithm is made up of three
parts: employed and jobless foragers, as well as food sources
[16]-[17]. Utilized and underutilised foragers, as well as
easily accessible feed sources surrounding the hive, are the
three main components. Both leading kinds of behaviour are
explained by this algorithm. For self-organization and
combined knowledge, these behaviours were required:
directing forager bees to excellent feed, which resulted in
positive feedback, and avoiding bad forager inputs, which
resulted in negative feedback.
The ABC algorithm flowchart is shown in Fig. 4. The
implementation of the ABC algorithm is divided into five
stages: The first source of nutrients is created spontaneously

The switching angles are adjusted and adjusted to remove
the required harmonic order from the produced voltage. Only
the firing angles of switches S1–S4 will be improved in this
research since these switches create the nine-level ladder
waveform and affect the appearance of the harmonics. A
fundamental frequency switching technique generates the
output voltage waveform of the nine-level inverter, which is
then analysed using the Fourier series. The following is the
equation:
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in the beginning phase. One-half of the honey bee province's
nutrition data is included in the introduction nutrition data.
Used honey bees are coordinated to food sources in the
employed bee phase in order to measure a nectar content and
monitor their health. A solitary honey bee was included in
each nutrient meal. By seeking in the neighbourhood of their
food supply, the utilised honey bees change the arrangements
and remember them. The new arrangement is preserved if the
health of the used honey bees is better than that of the more
established arrangement. Used honey bees return to their hive
and swap the arrangements with passing honey bees.
Observer honey bees are the next segment of the state in the
on-looker bee phase; they use an arbitrary selection strategy
to pick the finest nutrition data.
Enhanced nectar appeal draws more observer honey bees
due to increased sustenance data. Honey bees on the prowl
are coordinated to the food sources of choice. Onlooker
honey bees produce the chosen arrangements and keep an eye
on their well-being. Onlooker honey bees spare another
arrangement if its health is superior to that of a more
established arrangement, just as they do with used honey bees.
Non-improved food sources are sacrificed for several causes
during the scout bee phase. As a result, the employed honey
bee is sent out as a scout honey bee in search of new food
sources. Dietary data that has been surrendered is replaced
with new dietary data. Finally, the greatest source of nutrition
was kept throughout the memorising phase. The maximum
number of cycles is defined as a goal that is checked at the
end of the focus. If not, the calculation reverts to the
employed bee phase for the next focus. The ith food source
with Probability P(i) is given by
P (i ) =

a * fitness ( i )

Start
Initialization Phase :
Generate Initial Food Source
Employed Bee Phase :
Evaluate Fitness or Food source and
improve the food source
On-looker Bee Phase :
Select elite food source and improve
the food source

No

Scout Bee Phase :
Search for new food source
Memorization Phase :
Memorize the best food source
Max Iteration?
Yes
End

Fig. 4. Flow chart of ABC algorithm

The modulation index ranges from 0.1 to 1 and increases by
0.01 for each step. When the objective function value is less
than 10-2, the solutions exist. This implies that “(3)” has a
solution. Meanwhile, Fig. 5 shows that the comparison
between V1 and Vref is nearly identical, especially from
modulation between 0.55 to 0.65 and 0.75 – 0.93.

(4)

max ( fitness ) + b

Where:
a, b – contant
max fitness – maximum fitness value
For eliminating the 3rd, 5th, and 7th harmonics order for the
full modulation index, the ABC algorithm is employed at the
nine-level inverter. Table II lists the ABC algorithm
parameters.

Fig. 5. Comparison V1 and Vref against modulation index of ABC

IV. SIMULATION RESULTS

TABLE II
PARAMETER FOR ABC ALGORITHM
Parameter
Population Size
Number of
Iterations
Number of run

The calculated angles were evaluated using Powersim
(PSIM) software and a circuit simulation. The simulation
circuit is shown in Fig. 1 with a nominal DC voltage of (1p.u)
about 50V. The modulation indices of 0.62 and 0.84 were
selected to show the effectiveness of the proposed system. Fig.
6(a) and Fig. 7(a) shows the phase voltage for modulation
index 0.62 and 0.84 respectively. The harmonic spectrum for
both modulation indexes cases shown in Fig. 6(b) and Fig.
7(b).

OF1
100
200
1
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Fig 7(b). Harmonic spectrum for modulation index 0.84

Fig 6(a). Phase voltage with modulation index 0.62

Figure 7(b) shows the harmonic spectrum for modulation
index 0.84. The performance of modulation index 0.84
improves in reduction more harmonic distortion. The value
of THD now 4.08%. The 3rd harmonic and 5th harmonic
completely eliminated, and the 7th harmonic partially
eliminated.
V. EXPERIMENTAL RESULTS
The research discussed in this paper was carried out on a
lab scale using a Dc power source as the primary input for the
MLIs circuit. Eight IRF750 N-channel power MOSFETs
with a 400V/15A power rating make up the circuit. To project
switching pulses to the MOSFETs, the DE0 Altera
field-programmable gate array (FPGA) cyclone III board was
employed. A Tektronix TPS2014 digital oscilloscope is used
for the test. Fig. 8(a) and 9(a) illustrate the phase voltage
experimental findings for modulation indexes of 0.68 and
0.80, respectively. Fig. 8(b) and 9(b) illustrate the harmonic
spectrum under FFT display for both modulation index
scenarios.

Fig 6(b). Harmonic spectrum for modulation index 0.62

Figure 6(a) and Fig. 6(b) shows the output voltage
waveform and FFT spectrum for harmonic measurement for
modulation index 0.62. The waveshape of output voltage is
inline phase with 50Hz per cycle. The 3 rd and 5th harmonic
are completely eliminated while the 7th harmonic is partially
eliminated. The value of THD for modulation index 0.62 is
7.09%. Fig. 7(a) below shows the output voltage waveform
for modulation index 0.84. They are slightly different in wave
shape between modulation index 0.62 and 0.84. However,
both waveforms align properly and following the AC
sinusoidal waveform.

Fig. 8(a). Phase voltage with modulation index 0.62

Fig 7(a). Phase voltage with modulation index 0.84
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angles required to remove the harmonics. The simulation and
experimental findings work together in all the scenarios
studied in this research.
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