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ARTICLE INFO ABSTRACT

Article Received: 03/10/2024 These days, the majority of distribution generation comes from renewable energy

sources because of their benefits, which include being pollution-free and low carbon.

Concurrently, the issue emerged because of the sources' non-linearity over time.

Article Accepted: 12/11/2024 Therefore, the maximum power point tracking (MPPT) controller based on artificial
neural networks (ANN) is employed. The ANN-based MPPT controller in this proposed
work receives the voltage and current from the solar panel and uses it to control the
best switching pulses to send to the DC-DC converter, which in turn feeds the MLI and
improves stability. This study builds a single-phase, 31-level asymmetrical MLI with
three uneven DC voltage sources and fewer sources. In order to regulate the
performance of the MLI, this work suggests a cascaded fractional order proportional
integral derivative (FOPID) and proportional integral (PI) controller. The performance
of the proposed methodology is verified using an islanded single phase microgrid with
an AC load and a MATLAB/SIMULINK tool. According to the results, the suggested
inverter outperformed the present 31 level inverter topologies in terms of Total
Harmonic Distortion (THD), achieving lower values of 2.95% and 0.75% for voltage
and current, respectively. With decreased THD, the suggested 31-level inverter
achieved a high efficiency of 96.62%.
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1. Introduction

A number of factors, such as the growing demand for energy, environmental concerns, the need to lower the
cost of producing electricity, and the requirement to improve the reliability of electric systems, have
contributed to the recent rapid increase in distributed energy resources (DERSs) in electric networks [1-2]. In
the near future, most homes should have distributed energy resources (DERs), mostly in the form of single-
phase, grid-connected solar, wind, fuel cell, or battery systems [3]. Renewable energy sources (RESs), such
solar and wind turbines, as well as battery energy storage devices, are commonly used in low voltage grids,
which produce energy closer to the user [4]. Energy sources and loads that function similarly have led to the
formation of single-phase and three-phase low voltage microgrids. These microgrids maximize energy
efficiency and improve the local electrical network’s dependability [5, 6].

Because solar energy requires minimal maintenance, is environmentally beneficial, and is readily available, it
is the most popular renewable energy source [7]. However, compared to other power networks, the output
voltage of solar photovoltaic (PV) arrays is far lower. To increase the system's output voltage, a maximum
power point tracking (MPPT) DC-DC converter has been incorporated [8]. RES based MPPT is integrated
with a power converter to track high power from sources. Adding an MPPT controller will result in about 30%
more power being produced [9]. This MPPT selects the optimal duty cycle to control the DC to DC converter
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[10]. For improved performance, a few authors combined MPPT with other neural networks and machine
learning techniques. To achieve high power from PV, the author in [11] employed the machine learning
approach with MPPT. Neuro fuzzy and terminal sliding mode control techniques are developed in [12] for two
stage MPPT. Power from solar PV and wind integrated power systems was obtained using K-nearest neighbor
based MPPT [13]. Recent studies have shown the efficacy of artificial intelligence (AI)-based methods have
the potential to power tracking applications [14].

To convert DC to AC power dependent on loads, inverters are required; multi-level inverters (MLI) have
become increasingly popular in recent years [15]. MLI working in the DC voltage source’s input produces the
multilayer output, which can be used for high, medium, or low level switching frequency PWM systems [16].
Three main forms of multi-level inverters are found in basic MLI architecture: diode clamped, capacitor-
clamped, and cascaded H-bridge topology [17, 18].Power quality is negatively impacted by the creation of
such high voltage levels, irrespective of the design [19]. Furthermore, a major challenge for Stability is
dependability issues caused by a high number of switches [20]. Stabilityhas been improved by producing the
pulses utilizing the best control procedures. This research reduced the stability issue, such as excessive
harmonics in MLI, by introducing a revolutionary inverter with fewer switches and an optimal controller.
Author in [36] suggested a PV powered EV charging station using a SEPIC integrated isolated flyback
converter with RBFNN based MPPT and a 31-level inverter to enhance efficiency and reliability. Author in
[37] have suggested an SM-CNN based 31-level multilevel inverter and a boost converter to improve the
model performance.Author in [38] a sliding mode controller based multilevel inverter with a gravitational
search algorithm for MPPT and a cascaded interleaved boost converter to optimize grid connected PV power
systems with enhanced efficiency.

The main objective of this paper is as follows;

e To develop a 31-level multilevel inverters with a minimum number a switches and voltage sources to
enhance the stability.

¢ To implement and ANN based MPPT controller to extract the maximum power from solar PV system by
generating optimal switching signals.

e To enhance inverter stability and performance a hybrid cascaded controller is proposed for optimizing
switching pulses.

The remaining sections are arranged below; section2 discussed recent literature on the MLI inverter and
controllers. The proposed methodology with the inverter design is given in section3. Results are provided in
section4, and the conclusion is given in sections.

2. Related Works
Recent literature for MLI modeling and controllers is listed below, In order to regulate the DC-link of the
system, Nahin et al. [21] suggested utilizing ANN based MPPT for 3 level neutral point clamped MLI in
induction motor drives. Furthermore, the inverter’'s THD was improved by injecting 60 degree PWM
approach with 13th harmonics. The inverter will receive pulses from this PWM that are balanced and
symmetrical. This technique increased the induction motor’s stator current and voltage while lowering torque

ripple.

Kumar et al. [22] introduced ANFIS-based MPPT to track high power from solar-fed PV panels. A single
phase, 31-level inverter was created in this study. The switching pulses for this inverter were generated using
ANN and a proportional integral controller. To achieve improved results at various operating points, the ANN
algorithm was used to update the PI values.

Grey wolf optimization based recurrent neural network (GWO-RNN) was suggested by Prathaban et al. [23]
for solar MPPT. The MPPT gadget with GWO-RNN based improved tracking capabilities and fast speeds.
RNN networks and feed forward neural networks are not the same. RNNs will use their internal memory to
process and carry out input sequences. Pulses were generated for the inverter using basic PWM.
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Fuzzy logic controller-based MPPT in a 31-level inverter with four DC sources is suggested by Kurian et al.
[24]. A full bridge converter was utilized in this work to convert the DC output power to AC. The voltage
range at which full-bridge inverters can be operated is restricted by their positioning. A brand-new 31-level
MLI architecture for solar PV was provided by this study. To determine the class labels and induction
technique for the fuzzy set, trial and error was employed.

An asymmetric 31-level MLI with twelve switches was suggested by Akther et al. [25] to reduce the size and
THD. Every power switch in this suggested inverter operates in a unidirectional manner. To reach level 31,
four DC sources with a ratio of 2:4:8:16 were utilized. Diodes are not utilized in order to prevent open circuit
and short circuit failures. This suggested MLI was among the best for real-world, demanding inverters.

A novel 31 level micro inverter with a novel control strategy was recommended by Shah et al. [26] to reduce
the THD. This technique extracts high power from solar energy using an MPPT based on perturb and observe
(P&0). The power switching device's single half-bridge circuit was linked to the DC supply produced by the
push-pull converter. One source can be divided into many DC sources using a push-pull converter. It makes
use of a high-frequency transformer with four secondary windings and a center tap primary winding. It is
decided which secondary winding turns will produce binary supply voltages of 12, 24, 48, and 96 V.

Modified packed u cell topology has been suggested by Krishnamoorthy et al. [27] to produce 31 level MLI.
This topology is made up of voltages and switches connected in series and parallel. This suggested inverter
has five voltage sources and ten power switches. This study offers a 31-level topology converter that was
switched by a variable switching frequency-based model predictive controller to produce an optimal output
with less harmonics. The gate driver circuit’s size complexity and power consumption were optimized. Table 1
compares previous research based on MPPT topology in MLI and 31 level inverters.

Table 1: Comparative Analysis

Author Level Switches THD MPPT Methods | Limitations

Nabhin et al. [21] 3 12 3.60,4.70 | ANN Power quality was less.

Kumar et al. [22] 31 12 3.81, 3.86 ANFIS Efficiency was not measured.

Prathaban et al. [23] | 7 6 4.2 GWO-RNN The size was increased due to the
converter.

Kurian et al. [24] 31 14 0.962 Fuzzy logic | Not  suitable for  industrial

controller applications.

Akther et al. [25] 31 12 6.72 - Not applicable for high power
appliances.

Shah et al. [26] 31 12 3.16, 0.82 P&O Harmonics of voltage is high when
compared to current.

Krishnamoorthy et | 31 10 3.27 - Efficiency was less.

al. [27]

3. Proposed Methodology

Due to its distinct features over networked systems, such as the non-dispatchable nature of renewable
resources and the inverter’s dynamic control response the microgrid poses power quality difficulties.
Microgrid stability is contingent upon both control topology and system structure. The circuit breaker
disconnects the MG to allow for islanded operation when a grid fault arises. Subsequently, sources and
battery units individually provide the loads at nominal voltage and frequency. As a consequence, this
technique tracked high-power solar PV utilizing artificial neural network-based MPPT. Batteries have been
utilized for high load demand and are used to store excess PV power.

Usually, a master-slave control method is used in the microgrid to synchronize the PV and battery units. In
this manner, the PV is regarded as the slave unit and the battery as the master unit. In this work, a 31-level
asymmetric multi-level MLI with fewer switches and DC sources is suggested. This suggested MLI’s switching
pulses are managed by a unique cascaded controller. The suggested cascaded controller structure, known as a
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C-FOPID-PI controller, is based on a proportional integral (PI) in the second stage and a fractional order
proportional integral derivative (FOPID) in the first. The suggested controller uses the measured and
reference voltages to determine which switching signals to send to the inverter. An islanded mode single
phase microgrid system uses this suggested model.

3.1 System Description

The proposed architecture for a single-phase microgrid is shown in Figure 1. The slave PV unit and master
battery comprise the proposed architecture. The common AC bus connects all the loads and distribution
energy sources. The circuit impedance is disregarded by the simplified single-bus model due to the
community microgrid’s small footprint and short circuit length. Thus, there is no need for reference frame
change. The proposed single phase MLI and filter with the proposed controller comprise the master unit. The
master unit’s inverter regulates the frequency and voltage of the common bus. An ANN-based MPPT, a
proposed MLI, anLCLfilter, and an inverter controlled by a suggested controller approach comprise the slave
unit. The proposed microgrid under evaluation is depicted in Figure 1. It consists of a slave solar unit and a
master battery energy storage system (BESS). The signal is generated by the BESS and then monitored and
filtered using a unique controller in the RES unit capacitor filter.

_______________________________________________________ | AC bllS
|
|
|
RO Proposed MLI ; Load
converter !
‘ |
C-FOPID-PI Viat|
PWM  fe— ot |
controller That i o
e et ttetety
|
|
|
DC-DC » Proposed MLI :
converter !
c c |
|
p— ’ C-FOPID-PI (_VDCE
ANN based controller |
MPPT I
|
|

_______________________________________________________

Figure 1: Structure of the proposed Microgrid under study

The primary goal of the slave unit is to control the output power, which will provide the necessary power to
satisfy load demands. Any excess power produced by the photovoltaic system that is not used by the loads can
be absorbed by the batteries. This leads to the following mathematical expression:

PBat = Pluad - PPV (1)
Where, P,, indicates available power in the battery, F,,, denotes load demand, and P,, specifies the

power generated from PV. The power produced from solar PV is calculated using the following equation;
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Where, [ denotes the current from a single solar cell, V', represent output voltage, /, indicates saturation

current, 7' represent temperature, R indicates resistance in series, ¢ signifies charge in electron, V

series t

denotes terminal voltage, k denotes Boltzmann constant, R represent parallel resistance, A specifies

shunt
identity factor, /,, means current generated using solar irradiance, J” indicates open circuit voltage and a

indicates diode factor [28]. Temperature and solar radiation are two environmental factors that affect the
electricity generated by photovoltaic cells. Consequently, the PV injects all available power using the MPPT
algorithm. Many contemporary control systems have been created to use MPPT to monitor high power in
photovoltaic systems. In this work, high power PV is obtained by the application of ANN-based MPPT.

3.2 ANN based MPPT

Artificial neural networks (ANNSs) are a class of statistical learning models that are used to estimate or
approximate functions that have multiple inputs and are usually unknown. ANNs are commonly shown as
networks of interconnected "neurons” that may converse with one another [29]. Neural networks are capable
of learning and adapting to inputs because their connections can be changed to correspond to numerical
weights. Maximum power points cannot be detected by conventional MPPT methods, which also react slowly
to abrupt changes in temperature and light intensity. The three layers that make up an ANN are the hidden,
input, and output layers. As inputs are received, the input layer distributes them to the hidden layer’s
synapses [30]. The output layer generates the precise ANN outcome. The intermediary computations from
input to output are carried out via a hidden layer. Five neurons make up the hidden layer of this work, two
neurons in the input layer, and two neurons in the output layer. Using this method, maximum voltage and
current are acquired as the output, while temperature and irradiance are collected as inputs. The ANN

model’s structure is shown in Figure 2.
Temperanws _).é %
Input laver Hidden laver Output laver

[rradiance

ViEe

e

?._
;._

RQRRPY

Figure 2: Structure of ANN model

The input parameter used for ANN is formulated using the below equation;
IR = IR,y + [R X (IRMAX — IR,y )] (3)

T:[RX(TMAX_TMIN)]+TMIN 4)
The maximum output voltage obtained using this method is mathematically represented as follows;
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Where, /R indicates irradiance, /R, ,, denotes maximum irradiance, /R,,,, represent minimum irradiance
range, R states the random value, 7' indicates temperature, 7,,,, means maximum temperature, 7},
specifies minimum temperature, V,,, shows maximum voltage age at MPP, & indicates voltage temperature

coefficient, and Ty denotes standard temperature [31]. The search for the operating point at which the PV

panel may capture its maximum power is the goal of this ANN-based technique [32]. The neural network
optimizes each power point by focusing on the DC-DC converter duty ratio and providing a duty ratio for
every change in solar temperature and irradiance. The artificial neural network and duty ratio are trained for
various temperatures and solar irradiance levels using Levenberg-Marquardt training techniques. Thus, the
ANN-based MPPT approach yields the desired results.

3.3 Modelling of 31 level asymmetrical MLI

Figure 3 depicts the suggested 31-level inverter with 8 switches and 3 voltage sources. The DC voltage sources
in this topology, also referred to as asymmetrical voltage sources, are unrelated to one another. These
asymmetric DC voltage sources are connected to metal oxide semiconductor field effect transistor (MOSFET)
unidirectional switches. If a high enough voltage is given to the gate, it can only conduct current in one
direction from the source to the drain.The three DC voltage sources in this system need to differ based on the
source ratio in order to provide the precise 31-level values. The elements of the suggested inverter structure
were the asymmetric voltage sources in the ratio of 1:2:3 for V1:V2:V3. Additionally, the voltage sources are
chosen so that the output step voltage reaches the desired level. The voltage sources’ chosen values are 100V,
200V, and 300V for V1, V2, and V3, respectively.

Sl/ SE/

V1 53

p— \
54 / Load 85 /

1 $6 / —
Clo s o

Figure 3: Proposed 31 level inverter

II"‘
4
(]

Table 2 shows the recommended MLI's output voltage levels and switching states. The switches’ on and off
states are denoted by the digits 1 and o, respectively. Figure 4 shows the numerousoperationalmanners of the
suggested 31-level MLI.

Table 2: Switching pulses for proposed MLI

S1 S2 S3 S4 S5 Sé6 S7 S8 Vout
1 0 1 0 1 0 1 1 15Vdc
0] 1 1 o) 1 o) 1 o) 14Vdc
1 0o 0 1 1 o} 1 o} 13Vdc
0] 1 0] 1 0] 1 1 0 12Vdc
1 0 1 0 0] 1 0 1 11Vdc
1 1 0] 1 0] 1 0] 1 10Vdc
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1 o) 0] 1 1 o) 0] 1 9Vdc
0] 1 0 1 1 0 0] 1 8Vvdc
1 o) 1 o) 1 o) 1 o) 7Vdc
0] 1 1 o) 0] 1 1 o) 6Vdc
1 1 0 1 1 0 0 0 5Vdc
0] 1 0] 1 0] 1 1 o) 4Vdc
1 0 1 0 1 0 0 1 3Vdce
0] 1 1 o) 1 o) 0] 1 2Vdce
1 0 0 1 1 0 0 1 1Vdce
0] 1 1 o) 1 o) 0] o) oVdce
1 o) 0] 1 0] 1 0 1 -1Vdc
0] 1 1 o) 0] 1 1 o) -2Vdc
1 0 1 0 0] 1 1 o) -3Vdc
0] 1 0] 1 1 0 1 0 -4Vdce
1 0 0] 1 1 o) 1 o) -5Vdc
0] 1 1 o) 1 o) 0] 1 -6Vdc
1 0 1 0 0] 1 0 1 -7Vdc
0] 1 0] 1 0] 1 0] 1 -8Vdc
1 0 0] 1 0] 1 0 1 -gVdc
0] 1 1 o) 1 o) 1 o) -10Vdc
1 o) 1 0 1 o) 1 o) -11Vdc
0] 1 0] 1 1 o) 1 o) -12Vdc
1 o) 0] 1 0] 1 1 o) -13Vdc
0] 1 1 0 0] 1 0] 1 -14Vdc
1 o) 1 o) 0] 1 0] 1 -15Vde

s 82 51, 2
T, S
84 / L 535 §4 . | 5

@) (b)

25
2
-+
2
25}
[

Q
: 1 34 %3
54 s — Lozt § .
- Load 83 —
! .
V2 56 -
88 - -
. "\'3
V3
87 53
- ) . .
57/ 58,

(c) (d)
Figure 4: Modes of operations (a) Mode-1 (b) Mode-2 (¢) Mode-3 (d) Mode-4

The proposed MLI’s operational modes are shown in Figure 4. Figure 4(a) depicts the modes of operation for
the zero voltage range; in this mode, S2, S3, and S5 are in the ON position and the remaining switches are in
7
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the OFF position. S1, S2, S4, and S5 switches in mode-2 are in the ON state, while the remaining switches are
in the OFF state. In mode 2, the output voltage is generated from a single voltage source, yielding an output
value of 100V. In mode -3, V1 and V2 are conducted to produce an output voltage of 300V, while S1, S2, S4,
S6, and S8 are in the OFF state. In mode 4, the output voltage of 400V at level 31 is obtained by conducting
all three voltage sources.

3.4 Proposed C-FOPID-PI controller

The cascaded controller is a two-loop system with benefits over single-loop systems. In this case, the inner
loop reduces the effects of the internal process while the outer loop controls the system’s final output. Figure
5 depicts the proposed cascaded controller topology. The FOPID [33] controller’s outer loop is used in this
investigation, and its inner loop is connected to the PI [34] controller. The proposed cascaded controller is
used to control the power flow from battery and photovoltaic cells to meet demand. Also, this controller
optimally controls the switching pulses of the proposed MLI to reduce THD.

FOPID
CTTTRT T T T oo |
: Kpl 1 :
| Sl/n :
| o

I Kii — X
Input\_"/| 1 s N4
| + :
: |
| Kd g |
I N |

Figure 5: Proposed C-FOPID-PI controller

Equation below states the PID controller's transfer function

K.
y(s):Kpl+?’l+KdS (6)
The FOPID controller's transfer function can be expressed as follows;
K.
yl(s):Kpl_'_S_;,l_'_KdSﬂ (7)
The PI controller transfer function is written as below;
K.
yz(s):sz+T’2 (8)
The suggested controller's transfer function is as follows;
K, K,
YFOPJDP[(S):(Kp1+S_,11+Kd Sﬂ)*[sz"'sz 9)

Where, K 1 denotes proportional coefficient, K, indicates integral gain coefficient of FOPID controller, K,
represent derivative gain coefficient, K s signifies proportional gain constant for PI, K,, indicates integral

gain value for PI controller, Aand g are fractional order operators which is in the range of [0, 1]. The gain

parameters used for this work are as follows: K, =0.2, K, =0.5, K, =0.03, K, =02, K, =05.

p
The phase margin for this work is @, = 60, and the exponent values are 4 = u = 0.5[35]. To satisfy the
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load demand, this controller optimally regulates both the PV battery’s power flow and the proposed MLI.
Additionally, this controller lowers the harmonics in the proposed inverter. The integral error signal
determines a controller’s output. To regulate the proposed MLI, these pulses are fed into apulse width
modulation (PWM) system. PWMcontrols the switching pulse for the inverter switches in an ideal way,
minimizing harmonics.

3.5. Power loss analysis
Losses tend to occur in the many components that make up the power circuit while it is operating. These

losses fall into two categories: switching loss ( Ps), and conduction loss (FP.). Of these losses, the

semiconductor is responsible for the conduction and switching losses, while the capacitors are in charge of
the ripple losses. Consequently, the circuit’s total loss (PTotal) is provided as

P.=P.+Ps (11)

3.6.1. Conduction Loss

Using (12) the P. for m power switches in the circuit can be calculated.
P. =Y 15 Ry (12)

In the above equation, the on state current flow through the respective power switch is represented by 7,

and the internal switch resistance is denoted by R, .

3.6.2. Switching loss

The ideal switch has 0% switching loss, however because switches aren’t perfect, switching loss always occurs.
This occurs as a result of current and voltage overlapping when the switch is transitioning. The following
mathematical relation provides it.

z Z VONIONTON VOFF[OFFTOFF x F (13)
0

Jj=1 withinl/ F, 6

Here V,\1,yT,y stand for the voltage, current and duration of the switch’s on state, respectively, whereas

Vorrd orr I opr stand for the switch’s off state. Here F, indicates the output frequency.

4. Results and Discussion

The model is shown in Figure 6, and the MATLAB/SIMULINK platform is used to verify the suggested work.
The organized MLI’s output as well as solar power generation in terms of current, voltage, and power
generation, will be measured. The proposed inverter and controller were verified on a single-phase microgrid
system powered by solar and battery electricity. Table 3 provides the Simulink model’s design parameters.
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Figure 6: Simulink model of proposed work

Table 3: Simulink Parameters

Parameters Values
Open circuit voltage 38V
Short circuit current 7.89A
Nominal power of the solar PV 320W
Voltage at peak point 32V
Current at peak point 7.55A
DC link voltage 220V
Battery nominal voltage 200V
Rated capacity 14Ah
Filter inductance 1.8mH
Filter capacitance for battery 4uH
Filter capacitance for PV 27uH

Under these conditions, the solar PV is exposed to a constant temperature of 25°C and 250 W/mz2. Two
parallel strings, each with two modules connected in parallel, constitute the solar system. Figure 7 displays
the characteristic response derived for factors like current and voltage. PV has a variable voltage that starts at
zero and stays at 30 V. Similarly, a photovoltaic system’s current changes from o to 3.5 A, where it stays
constant. As a result, the solar system produces the energy needed to load demand and charge a
battery.Therefore the proposed approach effectively ensures system stability.
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Figure 7: Solar PV model (a) current and (b) voltage

The DC link is connected to solar power to produce the necessary electricity. The solar panel’s voltage and
current are sent into an ANN-based MPPT controller to set the duty cycle at the best possible value. Figure 8
displays the total power from PV and DC link voltage under a continuous solar source.These results
demonstrates the panel effectively enhance the voltage and current which improves the stability.
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Figure 8: MPPT output (a) voltage and (b) current
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Figure 9: Output of battery source

PV sources store their excess power in batteries for later utilization. If the source produces insufficient power
to satisfy load demands, the battery is depleted. The discharged battery is depicted in Figure 9 with respect to
voltage, current, and state of charge. The inverter receives the optimized power via an ANN-based MPPT for
power conversion. The 31 level inverter is suggested here to enhance harmonics, and stability.
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Figure 10: Output of proposed 31-level inverter for R load (a) Voltage (b) Current

Figure 10 displays the output from the proposed inverter with a resistive (R) load. The inverter’s voltage and
current are 400V and 3.8A, respectively, as can be seen. Figure 11 displays the output voltage and current for
the suggested MLI in an inductive load. In this instance, the current is 4.2A, and the inverter voltage is 400V.
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In this work, the inductive (L) load value is 20mH.These MLI demonstrates superior stability under varying
load and supply conditions.
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Figure 11: (a) Voltage (b) current waveform for proposed MLI in L load

The efficiency of the suggested 31-level inverter with the cascaded FOPID-PI controller is shown in Figure 12.
Here, the THD for both the voltage and current signals is quantified using the fundamental frequency of 50

Hz. THD for voltage is 2.95%, whereas THD for the suggested inverter is 0.76% for current.

Fundamental (50Hz) = 389.3 , THD= 2.95%
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Fundamental (50Hz) = 3.616 , THD= 0.76%
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Figure 12: FFT analysis of proposed inverter for (a) voltage, (b) current
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Figure 13: Comparison of the proposed controller
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The power system in an islanded microgrid system improves the stability since the proposed controller
exhibits the least amount of distortion. Consequently, the suggested MLI is more suited for the suggested
cascaded tuned controller. Figure 13 displays the corresponding THD results for the controller and the
controllers that are currently in use. For this comparison, the suggested controller is contrasted with the PI,
PID, and FOPID controllers. THD was obtained by the FOPID controller at 3.96%, the PID controller at
5.23%, and the PI controller at 5.40%. The comparison of proposed controller is shown in Figure 13.
Compared to other controllers, the proposed controller produced lower THD. Current controllers are inserted
into the proposed model and produce the appropriate outcomes. The efficiency of the suggested MLI will rise
with the addition of this proposed controller; The proposed technique maintain the stability compared to

OtheI‘ conv entional techl’liques.
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Figure 14:Comparison of THD with existing works (a) voltage (b) current

Figure 14 shows how THD compares to previous research. In this comparison, 31 level inverter voltage THD
values from [22], [25], [26], and [27] are used. The 31 level inverter produced a THD of 2.98% less using this
proposed way, which is less than the current MLI topology. Figure 14 (b) compares the current THD values of
31-level inverters [22], [24], and [26].

Consequently, the performance of the proposed C-FOPID-PI controller and 31-level MLI is assessed using a
range of outcomes, and the THD response is compared with that of established methods. The outcome
validates the effectiveness of the suggested 31-level MLI and controller.
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Figure 15:Analysis efficiency with duty cycle

Figure 15 shows the analysis of efficiency with duty cycle. The duty cycle and efficiency ranges from 0.2 to 1.
Here the duty cycle is calculated at different power values like 500W, 1000W, 1500W, 2000W. For 2000W
the efficiency is very higher when compared to other power. This demonstrates the model performance
better.
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Figure 16: Comparison of efficiency with proposed and existing methods
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Figure 16 shows the comparison of efficiency with proposed and existing methods. The proposed method
achieves the efficiency of 99.05%, P & O achieves the efficiency of 96.32%, ICachieves the efficiency of
96.89%,Fuzzy achieves the efficiency of 97.04%,RNN achieves the efficiency of 98.1%, and CNN achieves the
efficiency of 98.14%. Here the proposed approach achieves the better efficiency which shows the stable
performance.
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Figure 17: Comparison of MPPT power with proposed and existing methods

Figure 17 shows the comparison of MPPT power with proposed and existing methods. The MPPT power is
compared with four existing techniques like P &0, IC, Fuzzy and RNN. The power ranges from 0 to 600W
and the time ranges from 0 to 2 sec. The proposed method track more power when compared to other
conventional techniques. The proposed method tracks nearly 550W of power which very high which
demonstrates high efficiency performance. Table 4 shows the loss and total power of R and L load for the
proposed work.

Table 4: Loss and Total power of R and L load for the proposed work

Parameters R-Load L-Load
Vims 363.9V 363V

Trms 3.6A 4.14A
Conduction Loss 14.80W 22.20W
Switching Loss 4.34W 4.34W
Total Loss 19.14W 26.54W
Output power 1310.04W 1502.82W
Efficiency 98.66% 08.38%

The proposed model achieves the conduction loss of 14.80W for R load and 22.20W for L load.The proposed
model achieves the switching loss of 4.34W for R load and 4.34W for L load. It achieves the efficiency of
98.66% for R-load and 98.38% for L load. These results demonstrates the high efficiency, indicates minimal
energy dissipation, effective power conversion and stable operation.

5. Conclusion
A unique 31-level MLI with a control method for single phase microgrid systems is proposed in this
publication. This paper proposes an MPPT-based ANN to track the PV panel's maximum power. The
suggested 31-level asymmetrical inverter is used to convert DC to AC. In this study, a unique topology for
producing 31 levels in the inverter output is proposed. It is suggested that the inverter get optimal switching
pulses from the cascaded FOPID-PI controller. The results of applying the suggested technique to a single-
phase microgrid system with the MATLAB/Simulink tool are shown. There are as few DC sources and
switches as possible in the design of the 31 level inverter. The suggested approach yields an efficiency of
99.05% and a THD of 2.95% for the voltage signal and 0.75% for the current signal. For R and L loads,
respectively, the suggested model yields a total loss of 19.14W and 26.54W. These findings demonstrate the
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effectiveness of the suggested method for enhancing the stability of a single-phase microgrid system with
better dependability and power quality. The use of a variety of controllers in subsequent projects ensures that
PQ will improve.
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