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O 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 Pow
Quality (PQ) for Linear, Mn-linear and unbalanced loading conditions and minimize the total Harmonic Distortion (THD). The
CMLI Consists of Novel type Qevel Inverter with Reduced number of switches, and is connected to Bridged type inverter as
cascaded, to get the required anmtoofhOutput 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 importamtewere a
Adoptive Neuro Fuzzy Interface Sgsn (ANFIS) Control tuned with PI 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 v
Conventional Pl Controller and FuzBl Conroller, Load voltage and current waveforms arelyzedunder IEEE 519. The
system is developed in the MATLAB environment to check the dynamic PV performance with MPPT controller and the resul
are found satisfactory.

Keywords: PI, Fuzzy, ANFIS, Grid Syehronization, PV, MPPT, CFFNN, Power Quality

ARTICLE INFORMATION the converted power from the boost converter is integrated
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https://ijeer.forexjournal.co.in/archive/volurSéjeer090401.html The suggestedverter'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 Iphase 9evel inverter is used to describe the
O 1. INTRODUCTION P

) o o proposed inverter topolry. MATLAB/Simulink is used to
The Renewable Power Generation at Distribution side is MOo$hodel the topology. There is also a comparison of the

required part in the power sector to reach the increased powgfiggested and conventional topologies. This article presents a
demand, because maximum contribution of whole world,e\, extended idea for lowering the amount of Control
depends on cqnventlonal energy s_ources_hke Coal, _O|I ?@Nitches, diodes, & dc power supply in an existing CMLI
Fossi fuels which may exhausted in coming future, if still 5chitecture. To validate the anticipated topologies, extensive
depends. Hence the PV, Wind and other Renewable energy,qelling analysis are performed. The results can explain that
sources plays major role to meet the demand. Among alhe suggested methodology can reduce the number of devices
alternative ~ power generations, the PV System g, cyrrent topologies though retaining their concert.
predominating even it have challenges lik&btaining

maximum power, conversion of DC Power into AC andrhis paper prposes a novel twstage CSDMLI architecture
Synchronization. for mediumvoltage alternative energy integration. A fuzzy

. ) . and Adaptive Neuro fuzzy Interface system with PI Control
The above problems can be rectified by introducing the MPPechniques may be utilized to resolve concerns about dc source

Controllers and Inverter. Here the inverter uses the_ CurreRkariations in multilayer inverts used for alternative energy
controller and PLL for the power transfer and synchmtitn  jiegration. The use of renewable and alternative energy

respectively. sources may be maximized using these advanced network

architectures. For example, linking two or more micro grids

The literature discusses the idea presented in this paper are i@, s for standby sharing, voltage and frequency stppnd
large data analysis and Modelling of PV system was carriefha|ly poosts the complete dependability & flexibility of
out inf1] [2][3][4]. The DC converter topologies are discussed.qnnected micrarids.

in [5][6], Various MPPT Controllers adiscussed ifi7][8][9],
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0 2. MODELLING OF PV SYSTEM

Figure 1 depicts the solar cell as a dependent current sour

International Journal of

Electrical and Electronics Research (IJEER)

ch Article | Volume 9, Issue 4 | Pages 89-95 | e-ISSN: 2347-470X

Under saturation curren{SC) circumstances, the maximum

Gurrent generated by a cell: Volt =0.00 V

with additional series and parallel resistors linked to a diode.

It's worth mentioning that in the neappearance of solar light,
the PV cell acts as a load and gextes no pow¢i7]. The
qguantity of sunlight that falls on the PV cell (phatorrent)
determines the actual current from therent source (PV cell)
(Fig 1) Voltage in an open circuit

The voltage loss across the diode will affect the PV cel
voltage generation.
Where

AU
PV Cell Open circuited Voltage = V
N stands for the diode constant 1.50
Boltz consantK = (1.381x 16023 JK-1)
T = Temperature in kelvin
Q stands for "elementary charge" (1.602 xAB0Coulomb)
lo is the Maximum current of a diode (A)
The Generated Current by light (Radiation)

NKT
Q
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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)

Gret = standard Conditiowith reference irradiation 1000
Watts per squarmeter

et denotes a reference. Under
photoelectric currer@.15 A

Instant temperaturecl

Tcret Stands Model temp at 298.0 K
Usc stands SC current temp-efficient (A/K)=0.0065 AK-1
I = Current Generated by the Light g (A)

normal circumstance:

Reverse saturation current

T
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I (4)

Where

lo = Current Capacity in Reverse

Current Capacjt= lor

Eyis the band gap of a silicon diode, which is 1.10 eV.
Current £ (Ish=10)

In=(>— ]0)*(3;;—?;_1)A (5)

O 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 showkigare
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 inverte.he Hbridge would be used to
design the recommended multilevel inverter in 2 steps; DC
DC and DCAC. Figure 3 illustrates the threphase output
voltage.

Figure 2: The Novel CMLI topology for grid connected PV system (9
Level)

9level voliage

I
0.08 0.06

Time.

0.08

Figure 3: Three phase@® levels cascade multilevel inverter output
voltage waveform
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In a fuzzy control system, the error and change in errors are

0 4. DESIGN OF MICROGRID AND computed by taking the voltage and current from the Paint of
CONTROL STRATOGIES Common Coupling (PCC), the ratio of change in Voltage to
Figure 4 describes the fundamental modelling of a grid change in Current, and minor variations in this value are taken
Integrated PV system with as?age Yevel cascaded muiti  SCrisp values for fuzzification.

level inverter, a suggested LC filter, and control structures for

a bridged type inverter assated as a cascade to the MLI,
along with linear, no#linear, and unbalanced loads. | : " ; il
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Figure 6: Membership functions for change in current Input

petzam: W
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Figure 4: Simulation model of PV system integrating with migyad
through a proposed multilevel inverter L e s

Figure 7: Membership function for Difference of Change in Current
Input

Membarship function plots

4.1 Fuzzy Controller
The primary benefit of FL mechanism is thitcan

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

10

The fuzzy logic control mrcess is divided into three parts.
Fuzzification, inference system (rule basis lookup table), an
Defuzzification are the first three steps. Using membershi
functions, numeric crisp inputs can be transformed into fuzz

terms in fuzzification. The rule biasfor the interference
system is built using Madani's table technique, Defuzzificatiol
is used to convert the FLC results into duty cyfd&][19].
Figure 8 Membership functions for output variables
Figure 5shows aschematic of a simple fuzzy logic control . ,
system. Figure 6, 7, 8shows the Inpuand Output Membership
functions for the fuzzy controller in Current Controller
topology.
or winterference
- Fuzzification :iyst:ul Defuzzification mifu‘:lc U T a b I € 1 : R u I € b ase f ofr f uz
— S, S regulator
change in error

Rule Base
(Madani's) The Table 1represents the rule base for fuzzy controller
design in current regulator of grid cauted PV system along

with 9 - level CMLI.

Figure 5: Fuzzy logic control blockliagram
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Change Error The Point of Common Coupling voltage Vpcc and Current
n Ipcc, which are specified in the folling, are the ANFIS's

eror | PL[PM| PS [ Z [ NS [NM[NL

NL PL | PL PL PM [ PM PS Z
NM PL | PL | PM | PM PS Z ZS

inputs. Equations (6) and (7provide a set of rules for a
Takagi Sugeno interference system with two fuzzy
components that is first order.

NS PL [PM| Ps | Z | Ns [NM [ NL
Z PL[PM| PS | Z [ NS [NM[NL
PS PM | PS | Z | NS |NM | NL | NL Rule 1 If Vpcc is C1 and THD is D2 then f1 = m1Vpcc +
PM PS | Z | NS [NM [NM | NL | NL nllpcc + k1 (6)
PL Z |Ns|[NM [NM | NL | NL [NL
Rule 2 If Vpcc is C2 and THD is D2 then f2 = m2Vpcc +
4.2 Adaptive Neuro Fuzzy Interface System (ANFIS) n2lpcc + k2 (7)
Controller

ANFIS is a network that blends the topology of a neuraWhere the linear parameters are ml, m2, nl, nl, k1 and k2,
network (NN) with fuzzy logic to create an adaptable networkand the nonlinear parameters are C1, C2, D1 and D2. The
and it removes some of their giaacks when used alone. ANFIS' fuse réionale is shown ifigure 2

ANFIS's operation resembles that of a féedvard back

propagation network. The calculation of subsequenfctivation levels of the fuzzy rules are calculated using W =
parameters is done forward, whereas the calculation ofi ( a) A Yi(b),

premise parameters is done backward. There are two learning

methods inthe neural component of the system: hybridBy multiplying the standardized activation degrees of the rules
learning and backropagation learning, with the back by the individual output of each rule, which is represented in
propagation approach being the more popular. In the fuzzihe followingeguation, the output of the model f is produced
portion, only the Sugeno inference system (zero or first ordefh equation (8)

or the Tsukamoto inference systemyniege used. ANFIS can .

handle complicated and nonlinear issues because it mixgs= M i=1,2,3,6é6é. (8

neural networks with fuzzy logic. Even if the objectives aren't Zw;

specified, ANFIS may be able to achieve the best outcome

quickly. ANFIS is quicker than NN at reaching the objesti Where W1 is the normalized value, which is the sum of W1
When dealing with a more complicated system with a larg@nd W2.

amount of data, ANFIS rather than NN would be more

beneficial in overcoming the problem's complexity. WhenO Table 2: ANFIS Rule base

compared to other approaches for data training, ANFIS In2mf1 In2mf2 In3mf3
produces outcomes with the leasemll error.

In2mfl OPT1mfl Outlmf2 Outlmf3
ANFIS is a soft computing paradigm that combines neuro [In2mf2 OPT1mf4 Outlmfs Outlmf6
fuzzy and neural networks to provide complexel cognitive In3mf3 outlmf7 Out1mf8 Outlmf9

and lowlevel processing capacity. Depending on the input and
output targets, the ANFIS creates fuzzy interference rules. The
NN learning process tunes the fuzzy interference mechanisr® 5. RESULTS AND DISCUSSION

The ANFIS has a layered architee in general, as seen in The output power of a photovoltaic system is shown against
Figure 9 The input layer, the fuzzification layer, the productthe MPPT out power waveform ifigure 10 The boost
layer, the normalisation layer, and the Defuzzification layeconverter final voltagand currents are shownfigure 11

are the ifve layers that make up the system. The nodes are split
into adaptive and fixed nodes, with adaptive nodes in square |
and fixed nodes in circles. In this approach, the ANFIS inputs //

P Dubut Power 77 Trace Sebection

are the Point of Common Coupling Voltage and Current, andi*
the output objedte is control voltage ¥. Using these factors,
the ANFIS has been creating rules and-fimeing them.

CFNHMPPT - P Ouget Pones

K8 2 L3 L4 L5
Vpce Ipcc

Tine
Vpcclpce

Figure 9: Structure of ANFIS Figure 10: Performance Photovoltaic system with MPPT controller
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Figure 11: Boost converter output voltage and current

5.1Fuzzy Controller

The Figure 12, 13 and 14hows the Point of Common
Coupling Voltage and Gtent with nonlinear 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

A8 =)‘.‘(‘}:

(R .‘ ‘[‘"‘,'w‘ ‘,*i‘"i [

The Figure 15, 16 and 1&hows the Load/oltage and 7.]-\ M e v i i

|
|

T T T \u‘l TR AR AT W IR AR
\»M'u'\."\‘ il Ay |
UL LU

Current with norlinear and unbalanced load with a fuzzy: "‘w}\‘g‘ "w.\w“w”‘w‘ﬁ AR ALEAREALENE »‘.w".u’w'““."'m)‘h’,ﬁ,.;;x;:.?:.
controller topology in current regulator, the THD value of - | U
Voltage and Current respectively. The THD Value of Load
Voltage is 1.57%, and Load Current is 3.46%.

lv \l“h

Flgure 15 Load Voltage and Current with Fuzzy Controller

! : ~‘~f"“w‘uf \‘HW \'w\"""'nw
AN 'H'l‘ HHI‘HII'\‘
M"”\‘l \‘I'H'H MIM‘ IIH|
| | Bl HuM'\‘.‘MMH‘.H'HHH'H‘\'MH
, AN N I I L \4’ i ‘; H| 1 " ‘u
a A "\r‘ i) A ) ‘V““‘IAIU‘A‘“‘Ul‘l‘“UUI"H" "“"l
nivi i AT cmsmein o R AT s % J
‘1‘\, 1] \‘, [ "‘“Il‘\l“\‘Pl}‘I’ \‘4 ‘J.“r“(“'\ H“V\ J 'W}‘ ‘(‘."“w \H‘ “t}‘lu‘}‘ S (som‘;:s.‘svvmmvs'm
iy ” W“‘I“‘ I 1.‘“‘|:‘I“ \ 1” Hw‘,\ 'w‘nhw_‘n‘. |H\‘|M‘,‘>l nosciiitt i
Figure 12 PCC Voltageand Current with Fuzzy Controller *
‘ ' mﬂdur\ﬂw‘TFFTTnﬂr[lnr‘rl n ‘ f T i s
— u H ‘\ H l u‘ ‘H I H‘ I | ‘\‘ "" H’\ ‘H‘ \‘l‘ H o ‘ ‘ lllllllllluuu.mulumllllllld_ﬂ
o - L \ UL VLR sl - -
W‘ “H‘I\‘\‘H‘“‘H‘IH“Hl‘H“H"‘I"‘\'Hl\ Figure 16: Load Voltage THD Value with Fxzy Controller
e ] I
f‘u [l u\ Il u\"ul hia
e [ | M M‘ h ‘ ‘ | " ‘ “ || u’ |l | ” | J | ‘l 5.2 ANFIS Controller
o The Figure 17, 18 and 1%hows the Point of Common

Fundemental (S0Hz) = 366.7 , THO=1.57%

Coupling Voltage and Current with ndinear and unbalanced
load with a ANFIS controller topology in current regulator, the
THD value of Voltage and Current correspondinglize THD
Value of PCC Voltage is 1.58%, and PCC Current is 2.77%

£ TheFigure 21, 21 and 28hows the Load Voltage and Current
‘ with nontlinear 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 corespondingly. 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 22 Load Current THD Value with ANFIS Controller

O Table 3: THD Values of Voltage and Current for all
Controller

Grid Connected for 3- Cycles, Unbalanced and NonlineaRL
Grid Grid Load Load
With PI R 1.57% 4.00% 1.57% 4.1%%
i
Y
Controller 3.80% 6.21% 3.80% 6.51%
B 2.25% 4.74% 2.25% 4.91%
With E R 1.57% 3.32% 1.57% 3.46%
i uzzy [y
Controller 3.80% 5.49% 3.80% 577%
B 2.25% 4.26% 2.25% 4.42%
With R 1.58% | 2.77% | 1.58% 2.88%
ANFIS Y 3.78% 4.87% 3.78% 5.12%
Controller | B 2.20% | 3.84% | 2.22% 3.99
0 6. CONCLUSION

For the 40 kW PV system, this article focused on
modelling the 10 kW PV system with a novel type reduced
switched 9Level Cascaded Multilevel Inverter and
implementing it iINMATLAB with two proposed controllers:
the Fuzzy Control algorithnand 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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[9] O. Ezi nwanne, F. Zhongwe

report. Finally, the proposed system was put to the test under a Performance and Cost Comparison of MPPdachhiques fc

variety of operating conditions, including imbalanced and
nonlinearity, and the results are shown table 3 The
proposed system's effectiveness, simulation results, and loggh; F .
voltage and current waveforms are analyzed under IEEE 519 o |
and it can be concluded that the Adoptive Neuro Fuzzy
Interface System (ANFIS) Control Algorithm gives better 1117 . X U
THD values for all the operating conditions than the Fuzz
Control algorithm, hence theN¥IS control algorithm can be
suggested for improving the Power Quality in various

Operating conditions.
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