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= ABSTRACT: In this paper, A Cascaded Multi level Inverter (CMLI) interconnected with the 10 KW PV System, Boost
Converter along with Cascaded Feed Forwarded Neural Network (CFFNN) MPPT Controller is proposed to improve the Power
Quality (PQ) for Linear, Non-linear and unbalanced loading conditions and minimize the total Harmonic Distortion (THD). The
CMLI Consists of Novel type 9-Level Inverter with Reduced number of switches, and is connected to Bridged type inverter as
cascaded, to get the required amount of Output voltage which can be used for grid integration. For controlling the inverter the
Current controller is much required to control the current and to synchronize the Phase lock loop (PLL) is important. Here a new
Adoptive Neuro Fuzzy Interface System (ANFIS) Control tuned with Pl Controller is used to advance the performance of the
power quality of the system under various loading conditions and undesired oscillations and THD can be improved compared with
Conventional Pl Controller and Fuzzy-Pl Controller, Load voltage and current waveforms are analyzed under IEEE 519. The
system is developed in the MATLAB environment to check the dynamic PV performance with MPPT controller and the results

are found satisfactory.
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1. INTRODUCTION

The Renewable Power Generation at Distribution side is most
required part in the power sector to reach the increased power
demand, because maximum contribution of whole world
depends on conventional energy sources like Coal, Oil and
Fossil fuels which may exhausted in coming future, if still
depends. Hence the PV, Wind and other Renewable energy
sources plays major role to meet the demand. Among all
alternative power generations, the PV System is
predominating even it have challenges like obtaining
maximum power, conversion of DC Power into AC and
Synchronization.

The above problems can be rectified by introducing the MPPT
Controllers and Inverter. Here the inverter uses the current
controller and PLL for the power transfer and synchronization
respectively.

The literature discusses the idea presented in this paper are the
large data analysis and Modelling of PV system was carried
out in[1] [2][3][4]. The DC converter topologies are discussed
in [5][6], Various MPPT Controllers are discussed in [7][8][9],

the converted power from the boost converter is integrated
with the grid with the help inverter, the design of inverters are
discussed in [10][11][12], various control strategies for
inverter control are discussed in [13][14][15], the fuzzy
control technology is discussed in [16].

The suggested inverter's triggering pointers are produced using
a unipolar variation method, which generates the lowest total
harmonic distortion (THD) mutually in production voltage and
current. A 1-phase 9-level inverter is used to describe the
proposed inverter topology. MATLAB/Simulink is used to
model the topology. There is also a comparison of the
suggested and conventional topologies. This article presents a
new extended idea for lowering the amount of Control
switches, diodes, & dc power supply in an existing CMLI
architecture. To validate the anticipated topologies, extensive
modelling analysis are performed. The results can explain that
the suggested methodology can reduce the number of devices
in current topologies though retaining their concert.

This paper proposes a novel two-stage CSDMLI architecture
for medium-voltage alternative energy integration. A fuzzy
and Adaptive Neuro fuzzy Interface system with Pl Control
techniques may be utilized to resolve concerns about dc source
variations in multilayer inverters used for alternative energy
integration. The use of renewable and alternative energy
sources may be maximized using these advanced network
architectures. For example, linking two or more micro grids
allows for standby sharing, voltage and frequency support, and
finally boosts the complete dependability & flexibility of
connected micro-grids.
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. MODELLING OF PV SYSTEM

Figure 1 depicts the solar cell as a dependent current source
with additional series and parallel resistors linked to a diode.
It's worth mentioning that in the non-appearance of solar light,
the PV cell acts as a load and generates no power[17]. The
quantity of sunlight that falls on the PV cell (photo-current)
determines the actual current from the current source (PV cell)
(Fig 1) Voltage in an open circuit.

The voltage loss across the diode will affect the PV cell
voltage generation.

V=(%)ln%+ 1 )
Where

PV Cell Open circuited Voltage =V

N stands for the diode constant 1.50

Boltz constant K = (1.381x 10-23 JK-1)

T = Temperature in kelvin

Q stands for "elementary charge" (1.602 x 10-19 Coulomb)
lo is the Maximum current of a diode (A)

The Generated Current by light (Radiation)
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|
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Figure 1: The Equivalent PV cell Circuit
G
]L = (G_) * []L ref T%1se ( TC - TC ref)) (2)
ref
Where

G = irradiation instantaneous (W/m2)

Gres = standard Condition with reference irradiation 1000
Watts per square meter

ILer denotes a reference.
photoelectric current 0.15 A
Instant temperature Tc.

Terer Stands Model temp at 298.0 K

ousc stands SC current temp co-efficient (A/K)=0.0065 AK-1
IL = Current Generated by the Light = Iyn (A)

Under normal circumstances,

Reverse saturation current
(Q+Eg}

b e o
Io= ]or (L) E(KxN}x“.Tclrefal_[.ﬁal-l (3)
Tref
1= leen 4
or ~ [ ¥oen )| ( )

|’ ocn ‘I
&\ NV )

Where

lo = Current Capacity in Reverse

Current Capacity = lor

Eq is the band gap of a silicon diode, which is 1.10 eV.
Current SC (Ish = 1)
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Under saturation current (SC) circumstances, the maximum
current generated by a cell: Volt =0.00 V

In=(>— ]0)*(3;;—?;_1)A ®)

i 3. DESIGN AND SIMULATION OF
CMLI AND GRID INTEGRATION OF
PV SYSTEM

The CMLI seems to be well for connecting green
technologies to the grid to enhance overall power quality and
reliability. To lower THD for both the current and voltage
waveforms, the proposed CMLI was designed using a minimal
number of power semiconductors devices. As shown in Figure
2, five MOSFET medium voltage switches are active, each
having four PV models connected to it. The staircase
modulation mechanism is used to originate pulses in the
described multilayer inverter. The H-bridge would be used to
design the recommended multilevel inverter in 2 steps, DC-
DC and DC-AC. Figure 3 illustrates the three-phase output
voltage.

Level)

9level voliage

I
o (] 002 ooa 0.0 0.08 0.06 007 oog 0.08 01

Time.

Figure 3: Three phased 9 levels cascade multilevel inverter output
voltage waveform
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i74. DESIGN OF MICROGRID AND
CONTROL STRATOGIES

Figure 4 describes the fundamental modelling of a grid-
Integrated PV system with a 2-stage 9-level cascaded multi-
level inverter, a suggested LC filter, and control structures for
a bridged type inverter associated as a cascade to the ML,
along with linear, non-linear, and unbalanced loads.

=1
Power Distribution Grid 357*3 - =
B jerjwi ra
R HE Y K=

Figure 4: Simulation model of PV system integrating with micro-grid
through a proposed multilevel inverter

4.1 Fuzzy Controller
The primary benefit of FL mechanism is that it can

comprehend inaccuracies in input that don't need scientific
modelling, and it also applicable to nonlinear models. Other
systems can only grasp Logical 0 or 1, but our approach can
handle any circumstance in the middle.

The fuzzy logic control process is divided into three parts.
Fuzzification, inference system (rule basis lookup table), and
Defuzzification are the first three steps. Using membership
functions, numeric crisp inputs can be transformed into fuzzy
terms in fuzzification. The rule basis for the interference
system is built using Madani's table technique, Defuzzification
is used to convert the FLC results into duty cycle. [18][19].

Figure 5 shows a schematic of a simple fuzzy logic control
system.

Interference|
error »
s 3 System Duty Cucle
Fuzzification Defuzzification |——
—_T
change in error

Rule Base
(Madani's)

Figure 5: Fuzzy logic control block diagram
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In a fuzzy control system, the error and change in errors are
computed by taking the voltage and current from the Point of
Common Coupling (PCC), the ratio of change in Voltage to
change in Current, and minor variations in this value are taken
as crisp values for fuzzification.

Mesteship function pots
T
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Figure 6: Membership functions for change in current Input
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Figure 7: Membership function for Difference of Change in Current
Input

Membarship function plots

10

Figure 8: Membership functions for output variables

Figure 6, 7, 8 shows the Input and Output Membership
functions for the fuzzy controller in Current Controller

topology.

Table 1 : Rule base for fuzzy controller in current
regulator

The Table 1 represents the rule base for fuzzy controller
design in current regulator of grid connected PV system along
with 9 - level CMLLI.
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4.2 Adaptive Neuro Fuzzy Interface System (ANFIS)
Controller

ANFIS is a network that blends the topology of a neural
network (NN) with fuzzy logic to create an adaptable network,
and it removes some of their drawbacks when used alone.
ANFIS's operation resembles that of a feed-forward back
propagation network. The calculation of subsequent
parameters is done forward, whereas the calculation of
premise parameters is done backward. There are two learning
methods in the neural component of the system: hybrid
learning and back-propagation learning, with the back-
propagation approach being the more popular. In the fuzzy
portion, only the Sugeno inference system (zero or first order)
or the Tsukamoto inference system may be used. ANFIS can
handle complicated and nonlinear issues because it mixes
neural networks with fuzzy logic. Even if the objectives aren't
specified, ANFIS may be able to achieve the best outcome
quickly. ANFIS is quicker than NN at reaching the objective.
When dealing with a more complicated system with a large
amount of data, ANFIS rather than NN would be more
beneficial in overcoming the problem's complexity. When
compared to other approaches for data training, ANFIS
produces outcomes with the least overall error.

ANFIS is a soft computing paradigm that combines neuro-
fuzzy and neural networks to provide complex-level cognitive
and low-level processing capacity. Depending on the input and
output targets, the ANFIS creates fuzzy interference rules. The
NN learning process tunes the fuzzy interference mechanism.
The ANFIS has a layered architecture in general, as seen in
Figure 9. The input layer, the fuzzification layer, the product
layer, the normalisation layer, and the Defuzzification layer
are the five layers that make up the system. The nodes are split
into adaptive and fixed nodes, with adaptive nodes in squares
and fixed nodes in circles. In this approach, the ANFIS inputs
are the Point of Common Coupling Voltage and Current, and
the output objective is control voltage V.v. Using these factors,
the ANFIS has been creating rules and fine-tuning them.

1 L2 13 14 5

Vpce  Ipcc

Vpce Ipcc

Figure 9: Structure of ANFIS
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The Point of Common Coupling voltage Vpcc and Current
Ipcc, which are specified in the following, are the ANFIS's
inputs. Equations (6) and (7) provide a set of rules for a
Takagi—Sugeno interference system with two fuzzy
components that is first order.

Rule 1: If Vpcc is C1 and THD is D2 then f1 = m1Vpcc +
nllpcc + k1 (6)

Rule 2: If Vpcc is C2 and THD is D2 then f2 = m2Vpcc +
n2lpcc + k2 ©)

Where the linear parameters are m1, m2, nl, nl, k1 and k2,
and the nonlinear parameters are C1, C2, D1 and D2. The
ANFIS' fuse rationale is shown in figure 2.

Activation levels of the fuzzy rules are calculated using W =
Xi(a) *Yi(b),

By multiplying the standardized activation degrees of the rules
by the individual output of each rule, which is represented in
the following equation., the output of the model f is produced
in equation (8)

f= L

Z“"’i 2 i=132,3, ....... (8)

Where W1 is the normalized value, which is the sum of W1
and W2.

“ Table 2: ANFIS Rule base

In2mfl In2mf2 In3mf3
In2mf1 OPT1mfl Outlmf2 Outimf3
In2mf2 OPT1mf4 Outimf5 Outlmf6
In3mf3 Outlmf7 Outimf8 Outlmf9

#5, RESULTS AND DISCUSSION

The output power of a photovoltaic system is shown against
the MPPT out power waveform in Figure 10. The boost
converter final voltage and currents are shown in Figure 11.

2

P Dubut Power 77 Trace Sebection

CFNHMPPT - P Ouget Pones

Tims

Figure 10: Performance Photovoltaic system with MPPT controller
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Figure 11: Boost converter output voltage and current o
5.1 Fuzzy Controller

The Figure 12, 13 and 14 shows the Point of Common
Coupling Voltage and Current with non-linear and unbalanced
load with a fuzzy controller topology in current regulator, the
THD value of Voltage and Current correspondingly. The THD
Value of PCC Voltage is 1.57%, and PCC Current is 3.32%. - L L L

The Figure 15, 16 and 17 shows the Load Voltage and 7.]-\ A e i in 'f‘ﬁ‘Y“"'(‘

Current with non-linear and unbalanced load with a fuzzy LU LRI LR
controller topology in current regulator, the THD value of 1|\l /||| T “L.( E‘T"f:‘l‘"i')'\"r!.‘:[w" ‘f“n"‘f“ﬂ‘ﬁfﬂﬂ
Voltage and Current respectively. The THD Value of Load I ‘
Voltage is 1.57%, and Load Current is 3.46%.

Figure 15: Load Voltage and Current with Fuzzy Controller
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Figure 12: PCC Voltage and Current with Fuzzy Controller
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I \‘ ‘u !,‘ 'J ‘J ‘" L 5.2 ANFIS Controller
o The Figure 17, 18 and 19 shows the Point of Common
iEmea|s i T Coupling Voltage and Current with non-linear and unbalanced
A load with a ANFIS controller topology in current regulator, the
0 s THD value of Voltage and Current correspondingly. The THD
i, < | Value of PCC Voltage is 1.58%, and PCC Current is 2.77%
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£ The Figure 21, 21 and 22 shows the Load Voltage and Current

with non-linear and unbalanced load with a ANFIS controller

L aaadssnanase T T topology in current regulator, the THD value of Voltage and

T T T T Current correspondingly. The THD Value of Load Voltage is
1.58%, and Load Current is 2.88%

Figure 13: PCC Voltage THD Value with Fuzzy Controller
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Figure 17: PCC Voltage and Current with ANFIS Controller
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Figure 18: PCC Voltage THD Value with ANFIS Controller
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Table 3: THD Values of Voltage and Current for all
Controller

Grid Connected for 3- Cycles, Unbalanced and Nonlinear RL

e 00 1o

Figure 20: Load Voltage and Current with ANFIS Controller

Grid Grid Load Load
_ R 157% | 400% | 157% | 4.15%
With PI -7y 3.80% | 6.21% | 3.80% 6.51%
Controller 0070 L2170 0770 9270
B 2250 | 474% | 2.25% | 4.91%
With R 157% | 332% | 157% 3.46%
ith Fuzzy [~
Controller 3.80% | 549% | 3.80% 5.77%
B 225% | 426% | 2.25% | 4.42%
With R 1.58% 2.771% 1.58% 2.88%
ANFIS | Y 378% | 487% | 3.78% 5.12%
Controller | B 222% | 3.84% 2.22% 3.99
6. CONCLUSION

For the 40 kW PV system, this article focused on
modelling the 10 kW PV system with a novel type reduced
switched 9-Level Cascaded Multilevel Inverter and
implementing it in MATLAB with two proposed controllers:
the Fuzzy Control algorithm and the Adoptive Neuro Fuzzy
Interface System Control algorithm. The model was simulated,
and the system's performance was evaluated in a variety of
scenarios. The integration and performance of photovoltaic
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systems were the subject of the second portion of this study
report. Finally, the proposed system was put to the test under a
variety of operating conditions, including imbalanced and
nonlinearity, and the results are shown in table 3. The
proposed system's effectiveness, simulation results, and load
voltage and current waveforms are analyzed under IEEE 519,
and it can be concluded that the Adoptive Neuro Fuzzy
Interface System (ANFIS) Control Algorithm gives better
THD values for all the operating conditions than the Fuzzy
Control algorithm, hence the ANFIS control algorithm can be
suggested for improving the Power Quality in various
Operating conditions.
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