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Development and validation of enhanced fuzzy logic controller and boost converter topologies
for a single phase grid system

Introduction. Solar photovoltaic system is one of the most essential and demanding renewable energy source in the current days, due to the
benefits of high efficiency, reduced cost, no pollution, and environment friendly characteristics. Here, the maximum power point tracking
controller has been implemented for obtaining an extreme power from the photovoltaic array. For this purpose, there are different controller
and converter strategies have been deployed in the conventional works. It includes perturb and observation, incremental conductance, fuzzy
logic systems, and hill climbing, and these techniques intend to extract the high amount of power from the solar systems under different
climatic conditions. Still, it limits with the issues like increased design complexity, high cost consumption, high harmonics, and increased time
consumption. The goal of this work is to deploy an improved controlling and converter topologies to regulate the output voltage and power fed
to the single phase grid systems. The novelty of the work aims to develop an enhanced fuzzy logic controller based maximum power point
tracking mechanism with the boost DC-DC converter topology for a single phase grid tied photovoltaic systems. Practical value. Also, the
higher order harmonics suppression and unbalanced current elimination are handled by the use of LCL filtering technique, which efficiently
reduces the harmonics in the output of inverter voltage and current. Moreover, it helps to obtain the reduced total harmonics distortion value
with improved accuracy and efficiency. Results. There are different performance indicators have been evaluated for validating the proposed
enhanced fuzzy logic controller—maximum power point tracking controlling technique. Moreover, the obtained results are compared with
some of the conventional controlling algorithms for proving the betterment of the proposed work. References 30, tables 5, figures 7.

Key words: photovoltaic systems, boost DC-DC converter, enhanced fuzzy logic controller, maximum power point tracking,
LCL filtering, pulse generation, single-phase grid system.

Bcemyn. Consiuna ghomoenexmpuyna cucmema € 00HUM 3 HAUOLIbUL BANCTIUBUX MA 3aMPedy8aHUX BIOHOGTIIOBAHUX OXcepell eHepeli 6 Hawil OHI
3a605KU NEPEBAaM BUCOKOT eqheKmusHOCI, HU3LKOI 8apmMochii, 8i0CYMHOCHI 3a0PYOHEHHs. M eKONOSIYHO 6e3neUHUM XAPAKMEPUCTHUKAM.
Ilpu yvomy 6yn0 peanizo6anHo KOHMpPONEP CMEdHCEHHA 3a MOYKOI MAKCUMANLHOI NOMYICHOCMI ONs OMPUMAHHS eKCHPeMAanbHOT
nomyascHocmi 6io pomozanveaniuHoi bamapei. 3 yiero Memoro y mpaouyiiHux pooomax UKOPUCIOBYIOMbCA Pi3HI cmpamesii KOHmponepie
ma nepemeopiogayis. Lle exnouac 30ypens ma cnocmepesjcerts, inkpemeHmHy nposioHicmb, cucmemi HewimKoi 102iKu ma cxoodicents Ha
nazopo, i yi Memoou NPU3HAUEeHi O OMPUMAHHS 6ETUKOT KUTbKOCE eHepeli 13 COHAYHUX CUCIEM ) PISHUX KIIMamuyuux ymosax. Tum He
MEHU, Ye 0OMeACYEMbC MAKUMU npobremamu, Ik NiOBUUeHA CKIAOHICHb KOHCMPYKYIT, BUCOKI BUMPamu, 6UCOKI 2apMOHIKU Ma 301TbUeHHS.
eumpam yacy. Memoro yici pobomu € po3sumox 600CKOHANCHO20 YNPAGTIHHA Ma MONON02I NEpemsoplosaia Osl pe2ylio8aHHsl GUXIOHOT
Hanpy2u ma NOMYJCHOCH, wjo Nnodaemuvcsi 00 00HOQasHux mepedxcesux cucmem. Hoeusna pobomu cnpamoeana na pospooky
600CKOHANEHO20 MEXAHIZMY BIOCINEICEHHS. TNOYKU MAKCUMATILHOT NOMYHCHOCMI HA OCHOGI KOHMPONEPA 3 HEImKOIO JI02IK0I0 3 MONOJIOZIEI0
nepemeopiosaya NOCMIlHO20 CMpyMy, Wo niOSUULYE, Osl 0OHOQDAZHUX QOMOENEKMPUYHUX cucmeM, npug'ssanux 0o mepedci. [lpakmuuna
yinnicmo. Kpim moeo, npuoyuwienns 2apMoHiK Suuux NOpsaoKié ma YCYHeHHs He30IAHCOBAH020 CIMPYMY 30IUCHIOEMbCA 3a OONOMOZOH0
memody LCL-ginempayii, axuil eghekmusHO 3MEHULYE 2APMOHIKY HA 8uxo0i iHgepmopa Hanpyeu ma cmpymy. Kpim moeo, ye donomaeae
ompumMamu  3MeHuieHe 3HA4eHHs NOBHO20 2aPMOHIIIHO20 CHOMBOPEeHHs 3 NOKpawjeHolo mounicmio ma eghexmugnicmio. Pesynsmamu.
Icnyroms pisni nokasHUKY egpekmueHocmi, ki Oyiu OyiHeHi 05 NepesipKU 3anpOnOHOBAHO20 NOKPAWEHO20 KOHMPONEPA HeuimKol 02iKu —
Memooy Kepy6aHHsl GIOCMENCEHHAM MOYKU MAKCUMATbHOT nomydcHocmi. Kpim moeo, ompumani pezynsmamu nopieHIoroOmucst 3 0esikumu
BEUUALIHUMU ATI2OPUMMAMU KOHMPOIIO 015 008€0eHHs Kpawjocmi 3anponotosanoi pobomu. biomn. 30, tabn. 5, puc. 7.

Kniouoei cnosa: dotoranbBaHiuHi cucTeMH, NepeTBOPIOBAY MOCTIi{HOro CTPyMYy, 10 MiABHILYE, YI0CKOHAJCHUIi KOHTpoJIep 3
HEYiTKOI0 JIOTiKOI0, BiICTe:KeHHs TOUYKHM MaKCHMAJIbHOI noTy:xHocTi, LCL-pinbTpanisa, renepaniss iMmmysbcis, ogHodazni
MepeKeBi cucTeMu.

Introduction. Solar photovoltaic (PV) systems have
gained a significant attention [1, 2] in the recent days due
to their benefits of easy accessibility and availability.
Also, it has been widely applied in various application
sectors like residential, transportation, and construction.
Typically, the PV systems [3] can produce the required
amount of energy from solar for the grid connected
systems with the help of appropriate methodologies and
equipment. The important features of the solar PV
systems are cost efficiency, pollution free, maintenance
free, and high availability rate [4]. The major challenges
that are associated with the grid integrated PV systems [5]
can be categorized under the components of PV panel,
power converters, and grid system. In which, the
processes of optimization, voltage/current maintenance,
and panel monitoring are need to be highly concentrated
on the PV panel. Then, the efficiency, high reliability,
temperature measurement, communication, monitoring
and safety measures are need to be satisfied by the power
converter topologies. Moreover, the power quality
improvement, voltage level maintenance, and fault ride
through capability are the dependable factors of the

converter and controller topologies, and these factors
supports to obtain an improved system performance [6].
In the solar PV systems, the PV array can be categorized
with respect to the solar irradiation and temperature
measures. So, it required an operating point for extracting
the maximum power from the PV array that is represented
as an MPPT controller [7].

Then, it helps the PV arrays to obtain the maximum
efficiency under varying climatic conditions. Generally,
there are different types of maximum power point
tracking (MPPT) controlling techniques have been
utilized in the traditional works, which includes
incremental conductance (IC) [8], fuzzy controller [9],
perturb and observe (P&O) [10], and temperature gradient
[11]. Also, various power converter design topologies
have been utilized in the existing works [12] like buck
converter, bi-directional converter, SEPIC converter, and
Luo converter. But, these techniques limits with the issues
like increased circuit design complexity, high cost
consumption, reduced speed, and requires an accurate
model. Moreover, harmonics elimination and current
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balancing are also plays an important role in a single
phase grid integrated PV systems [13, 14]. The filtering
techniques can be used to suppress the level of harmonics
for improving both efficiency and system stability [15,
16]. Thus, the proposed work focused on the development
of an advanced controlling mechanism for a single phase
tied PV systems. The major objectives behind the
proposed work are as follows:

e to obtain the maximum power extraction from the
PV panels, the functionalities of an enhanced fuzzy logic
controller (EFLC) is incorporated with the MPPT
controlling technique;

e to improve the operating efficiency of the entire grid
system, the boost converter topology is utilized;

e to reduce the unbalanced current, and harmonics
distortion, a higher order LCL filtering technique is employed.

Related works. This sector reviews some of the
existing controlling techniques and converter topologies
related to the solar PV power generation and extraction.
Also, the working operations of the converter and
controller topologies have been discussed with its own
merits and demerits.

Podder, et al. [17] conducted an extensive review
about the MPPT methods used for generating the power
from solar PV systems. The different methods analyzed in
this work were P&O, IC, and hill climbing (HC). Also,
various types of DC-DC converter topologies such as buck,
boost, bidirectional, CUK, flyback, SEPIC and Zeta were
compared based on the measures of computation
performance, input current, and output voltage. From this
study, it was analyzed that the P&O was the most suitable
MPPT technique for solar PV systems due to the benefits
of simplicity and reduced cost consumption. Kumar, et al.
[18] deployed a neural network based controlling technique
for improving the performance of grid based solar PV
systems. The key factor of this work was to obtain the
maximum power extraction with increased utilization
factor and efficiency by using the HC-MPPT mechanism.
Still, this work failed to reduce the harmonics distortion for
obtaining the better performance rate. Basha and Rani [2]
analyzed the performance 5 different MPPT techniques
such as HC-FLC (fuzzy logic controller), ANFIS (adaptive
neuro-fuzzy inference system), PSO (particle swarm
optimization), ACS (adaptive cuckoo search), and P&O for
selecting the suitable technique to get an extreme power
extraction from PV systems. Here, it was stated that the
operating point estimation plays an essential role during
MPP extraction, which could be more helpful to reduce
both the operating and installation costs.

Venkatraman and John [19] intended to increase the
performance of MPPT with the use of buck converter
topology for PV charging system. Here, the P&O
algorithm has been utilized to reduce the settling time,
increase the bandwidth, and improve the tracking
performance. From the paper, it was perceived that the
P&O scheme offered the better results with minimum
possible updation. Keyrouz [20] aimed to gain the
maximum power obtainment from the solar PV systems
under varying temperature and irradiation values. For this
purpose, a machine learning technique, named as,
Bayesian function has been utilized to obtain global MPP
in a specified time. Moreover, the PID (proportional

integral derivative) controller was used to reduce the
overshoot and rise time with high tracking efficiency.
Priyadharshi, et al. [21] employed a hybrid Gravitational
Search Algorithm (GSA) — PSO technique for improving
the tracking performance of MPP. In this design, the
CUK-SEPIC converter was adopted to reduce the ripple
content and to obtain the optimum PV value. During
optimization, the processes of fitness evaluation, global
best solution estimation, and position updation have been
performed. The major benefit of this work was, it has the
ability to work under low sun isolation level with reduced
cost consumption.

Basha and Rani [22] suggested high step-up boost
converters for increasing the tracking efficiency of MPPT
controlling technique. In this work, there were different
MPPT techniques have been surveyed that includes
variable step size P&O, fractional open circuit voltage
(FOCV) and modified IC (MIC). Also, the working
descriptions of these mechanisms have been described
with its pros and cons. Hassan, et al. [23] recommended
an FLC controller and push-pull converter for optimizing
the output power of PV systems with increased gain
value. The work focused on tracking the power from PV
panels without any oscillations and noise with the help of
FLC MPPT mechanism. From this work, the importance
and benefits of using FLC mechanism in solar PV
systems have been studied. Li, et al. [24] implemented the
beta parameter based FLC mechanism for improving the
performance of MPP in solar PV systems. Here, the
number of fuzzy rules has been reduced for simplifying
the process of membership function generation. Rezk, et
al. [25] employed an adaptive FLC (AFLC) based
controller topology for obtaining an improved efficiency
of PV applications. This methodology was mainly
deployed to attain an accurate and optimum tracking
performance with reduced power fluctuations. The key
advantages of this controller were faster convergence,
high accuracy, and simplicity. Karafil, et al. [26] designed
a high frequency resonant converter design with the pulse
density modulation — MPPT mechanism for a single
phase grid based PV systems. In this controlling
algorithm, certain controlling pulses have been eliminated
with respect to the command sequences without any
deviation in the frequency value.

Sun, et al. [27] utilized an artificial neural network
(ANN) based controlling strategy for an efficient power
tracking from the PV array. The main scope of this work
was to ensure the factors of reliability, safety, improved
performance and controllability of a grid connected PV
systems. Here, some of the major requirements that could
be used for controlling the solar PV system have been
discussed, which includes:

1. Exact tracking of MPP under varying irradiance and
temperature measures.

2. Accurate locating of MPP.

3. Maintain the same MPP value under different
climatic conditions.

Bhattacharya, et al. [28] applied an advanced
controlling mechanism based on ANN algorithm for a
grid connected PV systems. In this work, the conventional
PI (proportional integral) controlling mechanism has been
replaced with the functionality of ANN algorithm. Then,
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it offered an improved system performance with
improved dynamic response and reduced settling time.
Rajput, et al. [29] suggested a second order filtering
technique for increasing the power extraction of single
phase grid associated PV systems. Here, a robust
controlling mechanism with the boost converter topology
has been implemented and validated under various power
quality enhancement features. Gomes, et al. [30]
implemented an LCL filtering technique for eliminating
the harmonic distortions in the grid connected voltage
source converters. Here, a detailed analysis about
harmonics elimination, and clear illustration about the
damping techniques were discussed.

From this study, the impact of different MPPT
controlling mechanisms, converter designs, and filtering
approaches were analyzed with its working definitions.
Then, it will be more helpful for selecting the suitable
approaches that are used for improving the overall
performance of solar PV systems.

EFLC-MPPT based controlling strategy. In this
segment, a clear description about the proposed EFLC
based MPPT mechanism is presented for a single phase
grid systems. The purpose of this paper is to extract the
maximum amount of power from the solar PV systems
under varying climatic conditions by implementing an
advanced converter and controlling techniques. Here, the
boost DC-DC converter has been utilized to increase the
efficacy of overall system performance. In addition to that,
the reactive power support and harmonics elimination are
also concentrated to provide the reliable output for the
single phase grid systems. For this purpose, the LCL
filtering technique is employed to decrease the harmonics
and unbalanced current in the grid systems. The block and
schematic representations of the proposed EFLC-MPPT

e power extraction using EFLC-MPPT;

e boost DC-DC converter design;

e LCL filtering.

The purpose of this work is to obtain the maximum
amount of energy from the solar panels by implementing
an advanced controlling and converter topologies.
Normally, the performance of entire power generation
system is highly depends on the controlling signals
generated by the controller. Here, the switching pulses
generated by the proposed EFLC-MPPT controlling
mechanism are fed to boost converter for operating the
switching components. When compared to the other
controlling models reviewed in the literature, the
proposed EFLC-MPPT integrated with boost topology
could efficiently produces the regulated output voltage
fed to single phase grid systems. Also, it suppresses the
harmonic contents by regulating the output of PV panels
with reduced loss of power.
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Fig. 1. Block representation of EFLC-MPPT based controller design
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Fig. 2. Schematic representation of the EFLC-MPPT controller design

EFLC-MPPT based power extraction. At first, the
maximum power tracking from the PV panel is performed
by using the controlling technique. The essential part of
the PV system is PV array, which is used to generate the
required power from the solar. The MPPT controller has
been used to increase the amount of power generation
from PV array. Conventionally, there are different types
of MPPT techniques are available for power extraction, in

which the FLC is one of the extensively used controlling
mechanism due to the non-linear structure of the
converter. Also, it could act as a controller that helps to
obtain the requirements and specifications of the plants.
In this work, an EFLC based MPPT mechanism is
deployed for extracting the maximum power from the
solar PV systems with increased static and dynamic
performance. The typical illustration of the EFLC system
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is depicted in Fig. 3, which comprises the following
stages: fuzzification, inference rule generation, and
defuzzification. During fuzzification, the set of inputs like
temperature and irradiation are incorporated with the
stored membership function, which can be assigned to
each fuzzy input. Then, the rule evaluation process is
performed with the help of linguistic rules, which is used
to determine the control action with respect to the set of
input values. From the rule evaluation, the fuzzy output
can be obtained for each subsequent action. At last, the
expected output variable is computed based on the
isolation of the output fuzzy sets during defuzzification.
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Fig. 3. Working strategy of fuzzy controller

Let consider the inputs as error (E,) and change of
error (CE,), which are represented as follows:

_ Ppy(x)=Ppy(x-1)
)= Vpy(x)=Ppy (x 1)’ .
CEr(x): Er(x)_ Er(x _1); 2

where Ppi(x) is the PV power; Vpi(x) is the PV voltage;
Ppi(x—1) and Vp(x—1) are the previous power and voltage
respectively.

Then, the rule generation process can be carried out
based on the Mamdani model. Here, the 5 set of rules
such Very Low (VL), Low (L), Very High (VH), High
(H), and Medium (M) have been generated with respect to
the error and change of error values as shown in Table 1.

Table 1
Fuzzy rules generation
E| VL L M H VH
CE,

VL VH VH H VL VL

L H H H VL L

M H H N L L
H H H L L VL

VH H H L L VL

After inference rules generation, the defuzzification
process can be applied to get the output that is denoted as
the duty cycle D,, which is represented as follows:

n
Z#(Dci)— Dy
i=1

D= ——; (3)
Z/J(Dci)
i=1

Moreover, the key benefits of using ELFC-MPPT

controller are as follows:

e it has the ability to handle an inaccurate input;

e it does not require any exact mathematical model;

e it has a non-linearity structure;

e it helps to obtain the maximum power output under
different climatic conditions;

e it offers reduced complexity in design;

e it increased robustness.

The P-V and I-V characteristics of the proposed
EFLC-MPPT controlling mechanism are depicted in
Fig. 4,a,b. These characteristics can be used to validate
the overall efficacy of the MPPT controlling technique.
Based on the I-V and P-V characteristics analysis, it is
evident that the EFLC-MPPT provides the better current
and power values with respect to different voltage levels.

PV output power P, W

12000
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10000
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8000
G=600 w/m?
6000 )
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4000
2000
0 i . . PV voltage V, V'\
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20 ~ TN .

— QN i O,
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PV voltage V, V
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b
Fig. 4. P-V (a) and I-V (b) characteristics

Boost DC-DC converter design. Here, the boost DC-
DC converter is placed between the PV panel and grid
system for changing the output voltage with respect to the
maximum power point. The corresponding circuit model of
boost converter is represented in Fig. 5, which contains the
components of input source voltage V5, inductor L, diode D,
switch Q, capacitor C, and output load. Based on the
requirement of output, the switch can be either opened or
closed, in which the output voltage is always greater than the
value of input voltage source. The main factor of using this
converter design is to increase the voltage level without use
of transformer. Also, it offers an increased efficiency with
the inclusion of single switching component.

The transfer function of the boost converter can be
illustrated as follows:

Va = Dc’ VPV» (4)
where V, is the output voltage; D, is the duty cycle of the
control; Vpy is the output voltage of PV array.

Based on the Kirchhoff’s voltage and current law,
the relationship between the input and output of boost
converter is illustrated as follows:

ds
L'd—:ZVPV—VL; (5)
dv,
C-— =, = VL[ R; (©6)

where R is the resistance; L is an inductor; /, is the output
DC-DC current.
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Fig. 5. Schematic representation of the circuit design
LCL filtering. The output of boost converter is
given to the filtering unit for removing the harmonics and
unbalanced current. Here, an LCL filtering technique is
mainly deployed to protect the gird system from
switching harmonics, and to obtain improved dynamic
performance. Moreover, it offers better decoupling
between the grid impedance and filtering with good ripple
attenuation. The LCL filter can be composed based on the
series connected L, + R, L, + R,, and C + R, components,
which helps to eliminate the injected harmonics on the
grid. The mathematical model of LCL filtering technique
can be illustrated as follows:

&
LI'E'FRl‘ll =x,~—xc—RC

di

Ly —%+Ry-iy=x,—-x,—R
2 dt 292 c

g~ Reigs

“ ()

C- dr =
dt

i =g +i.

Then, the resonant frequency is estimated as follows:

Rfr:L' M’ (8)
2z LI'LZ'C

where R;. is the resonant frequency of filter; L,, L, are the
inductors; Ry, R, are the resistors; C is the capacitor.

The key merits of using LCL filtering technique in this
design are efficient total harmonics distortion (THD)
elimination, high attenuation ability, and better system stability.

Results and discussion. The performance evaluation
of the proposed EFCL-MPPT controlling mechanism is done
in this sector with respect to different performance
indicators. This controlling system has been designed by
using the MATLAB/Simulink software, where the PV array
under irradiance of 1000 W/m® and temperature of 25 °C.

Simulation results. Figure 6 shows the output power
(a), irradiance () and temperature (c) analysis with respect
to varying time. In this simulation, the system is tested under
different irradiance levels of 800 W/m’, 400 W/m’, and 1000
W/m’. This results shows that the proposed EFLC-MPPT
technique efficiently tracks the maximum power of 200 W,
150 W, and 250 W respectively with the time of 5 ms.

Figure 7 shows the inverter output voltage (a) and
current (b) after eliminating the harmonics by using the
LCL filtering technique. To validate the output of inverter
voltage and current, the THD is estimated for the
proposed controlling mechanism.
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Fig. 6. Output power (a); irradiance (b); temperature (c)

Fig. 7. Inverter output voltage (@) and current (b)

Comparative analysis. Generally, the efficiency of
the filtering technique can be determined based on the
analysis of THD. Table 2 depicts the THD analysis of
existing and proposed techniques with respect to varying
irradiation (W/m?). In this work, an LCL filtering circuit
is implemented in this design for suppressing the high
order harmonics and unbalanced current in an efficient
manner. Based on the result outcomes, it is evident that
the proposed mechanism EFLC-MPPT with LCL filtering
could efficiently reduce the THD value, when compared
to the existing filtering technique.

Table 2

THD analysis
Irradiation 7,, W/m® 400 | 800 | 1000
Existing THD, % 1.7211.95| 2.14
Proposed THD, % 1.68 | 1.93 | 1.95

Table 3 compares the existing FLC, P&O and
proposed EFLC-MPPT controlling techniques with
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respect to the measures of input voltage V;,, input current
1,,, input power P;,, output voltage V,, output current /,
and output power P,. Based on the comparative analysis,
it is proved that the EFLC-MPPT could offer an improved
results compared than the conventional techniques.

Moreover, the proposed EFLC-MPPT technique
could efficiently extract the maximum power from the
solar PV systems by the use of boost converter and LCL
filtering components. Also, it helps to obtain an improved
performance rate of the single phase grid systems.

Table 3 Table 4 shows the comparative analysis between the
Comparative analysis between existing and proposed controlling  existing and proposed MPPT controlling techniques under
techniques varying irradiance measures such as 400 W/m?, 800 W/m*
Topologies Vo, VIL, AP, W[V, V]I, AP, W and 1000 W/m?> The measures that have been compared
Conventional FLC [12.08] 1.03 [ 12.44 | 24.6 [0.485/11.93|  in this analysis are PV voltage Vpy, duty cycle D,, output
Conventional P&0O | 8.5 | 2.5 [21.25[31.30[0.622] 19.3 | voltage ¥, and output power P,. When compared to the
EFLC-MPPT 12.08[2.932]59.94 [35.42[2.785] 166.9|  existing controlling techniques, the proposed EFLC-
MPPT technique provides improved results for the
varying irradiance measures.
Table 4
Comparative analysis between the existing and proposed MPPT mechanisms

under 800 w/m’ (0 to 0.6 s) under 400 w/m’ (0.6 to 1.2's) under 1000 w/m* (1.2 to 1.8 s)
MPPT method* | Vpy, V| D. |V, V| Py, W | [ Ve, V] D. |V, VIPy, W] Ve, V| [ Ver, V] D. |V, V| P,, W | Vpy, V
VSS-P&O 34.0 [0.604| 86.0 | 148.44|| 17.0 [0.711] 59.0 | 77.0 | 17.0 38 0.59 | 94 |196.31] 38
MIC 343 [0.601| 86.1 | 150.7 17.5 59.6 | 77.8 | 17.5 39.2 | 0.58 195.31/197.48| 39.2
FOCV 33.8 1 0.62 | 89 155 17.0 [0.715] 59.8 | 78.0 | 17.0 39.28 | 0.59 | 96 | 197.5 ] 39.28
FSS-RBFA 33.0 [0.627| 87.0 [ 155.76 || 17.4 [0.719| 62 |79.53| 17.4 40.1 10.586| 96.8 | 198.78 | 40.1
VSS-RBFA 34.2 10.609| 87.5 | 156.5 18.5 1 0.72 | 664 | 79.6 | 18.5 39.8 | 0.6 [100.5] 200.2 | 39.8
AFLC 34.8 10.614]190.32| 158.2 24.0 | 0.64 | 68.0 | 80.0 | 24.0 453 | 0.56 | 105 | 201.8 | 45.3
PSO 34.71 [0.622] 92.0 | 158.5 24.8 | 0.66 | 73.7 | 82.0 | 24.8 47.07 | 0.64 | 132 |1204.40| 47.07
CS 37.27 1 0.59 193.17[161.73 || 25.76 | 0.65 |73.89| 82.2 | 25.76 || 47.54 | 0.65 | 138 |205.18 | 47.54
Proposed EFLC-MPPT | 39.28 | 0.55 [94.23]|162.35|| 26.2 | 0.59 | 74.2 | 83.5 | 26.2 48.20 | 0.62 | 139 |206.25 | 48.20

*VSS-P&O — variable step size- perturb and observe; MIC — modified incremental conductance; FOCV — fractional open circuit
voltage; FSS-RBFA — fixed step size-radial basis function algorithm; VSS-RBFA — variable step size-radial basis function algorithm;
AFLC — adaptive fuzzy logic controller; PSO — particle swarm optimization; CS — cuckoo search; EFLC-MPPT — enhanced fuzzy

logic controller-maximum power point tracking.

Table 5 depicts the tracking time of the existing
P&0O and IC, and proposed MPPT controlling
mechanisms. Typically, the tracking time is one of the
important measures to validate the tracking efficiency of
the controlling technique. Moreover, it is defined as how
much amount of time that the controller could take for
tracking the maximum power point from the PV panel.
From the results, it is evident that the proposed EFLC-
MPPT provides the reduced tracking time of 5 ms, when
compared to the other controlling techniques.

Table 5
Tracking time of existing and proposed MPPT techniques
MPPT mechanisms Tracking time, s
P&O 0.3
IC 0.25
Proposed EFLC-MPPT 0.005

Conclusions. A new enhanced fuzzy logic controller
integrated with boost converter topology design is
implemented in this paper for obtaining an extreme power
extraction from the solar panels. Here, the boost DC-DC
converter is mainly used to increase the voltage level without
use of transformer. Also, the proposed controlling topology
intends to extract the power under varying climatic conditions
with increased accuracy. In addition to that, an LCL filtering
circuit is employed in the proposed design for suppressing the
harmonics and unbalanced current in the inverter output. The
major benefits of the proposed design are, it has the ability to
handle an inaccurate input and does not require any exact
mathematical model for controlling. During performance
evaluation, the controlling technique could be tested under
different irradiance values of 400 W/mZ, 800 W/mZ, and 1000
W/m®. Moreover, some of the traditional controlling
techniques are compared with the proposed controlling
mechanism based on the measures of harmonic distortions,
tracing time, PV output power, voltage, and current. Based on

the comparative analysis, it is studied that the proposed
controlling technique offers an improved performance results
compared than the conventional techniques.

In future, this work can be extended by implementing
an optimization based controlling mechanism for a single-
phase grid system.
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