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Abstract- This Paper presents optimizes energy extraction in photovoltaic (PV) energy systems. The
maximum power of the photovoltaic module will change due to changes in temperature, solar radiation
and load. To maximize efficiency, the photovoltaic system uses a maximum power point tracker (MPPT)
to continuously extract the most power that the solar panel can generate and then pass it on to the load.
The overall structure of the MPPT system consists of a DC-DC converter (an electronic device that
converts DC energy from one voltage level to another) and a controller. During changes in weather
conditions, MPPT uses a tracking algorithm to find and maintain operation at the point of maximum
power. Many different algorithms for MPPT have been proposed and discussed in the literature, but
most of these methods have disadvantages in terms of efficiency, precision, and flexibility. Due to the
non-linear behavior of the current voltage characteristics of the PV module and the non-linearity of the
DC-DC converter due to switching, conventional controllers cannot provide an optimal response,
especially when dealing with a wide range of shifting line parameters and transients. The purpose of this
work is to design and implement a maximum power point tracker using fuzzy logic control algorithms.
Fuzzy logic naturally provides an excellent controller for such nonlinear applications. This method also
benefits from artificial intelligence methods that can overcome the complexity of modeling nonlinear
systems. To make this work a success, Simulink designed and simulated an MPPT system consisting of
photovoltaic modules, DC-DC converters, batteries, and fuzzy logic controllers. Perform the
characterization of the buck, boost and buck-boost converter to find the most suitable topology for the
PV system used. The integrated model of the PV module with the identified converter and battery was
simulated in MATLAB to gain the necessary experience to formulate and adjust the fuzzy logic

controller. The simulation results show that fuzzy logic.
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I. INTRODUCTION

Power electronics has established an important
position in the latest technology and has completely
changed the management methods for electricity
and energy. As the switching characteristics of power
semiconductor devices improve and as the voltage
and current rating of devices is greatly increased, the

Application area of electrical electronic devices is
expanded. A DC-to-DC converter is an electronic
current circuit that converts available DC at one
voltage level to DC at another voltage level. The high
frequency electronic power processor is used for DC-
DC power conversion. The DCDC converter adjusts
the DC output voltage according to load and line
changes.
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Buck, boost, buck-boost and Cuk converters are the
four basic DC-DC converter topologies. Popular
isolated versions of these converters are forward
converters, push-pull converters and back converters.
DC-DC converters are widely used in photovoltaic
power generation, which can convert low voltage PV
power to the voltage required by the load.
Conventional sources of electrical energy used to
generate electrical energy are not environmentally
friendly and they no longer exist.

The global energy crisis provides new impetus for
growth and use of clean and renewable energy. Solar
photovoltaic (PV) power generation is becoming
increasingly important as a renewable energy source
due to benefits such as no fuel costs, low
maintenance costs and no noise and wear caused by
moving parts. With the development of photovoltaic
technology, the price of photovoltaic modules has
fallen sharply. Photovoltaic-based systems are
increasingly used in various applications at home and
business level.

However, the  nonlinear  current  voltage
characteristics (I-V) hinder its control design to
achieve maximum power extraction. To extract the
maximum available power, DC-DC converters with
current maximum power point tracking (MPPT)
algorithms are widely used. The controller that tracks
the path to the maximum power point in the PV
array is called the maximum power point tracker. Due
to the high cost of solar cells, it is necessary to
operate the photovoltaic array at the maximum
power point. To get the system running optimally,
the load line must match the position of the
maximum power point in the PV array. This point
varies with temperature, insulation and load
conditions and must be continuous. [1][2]

Monitored to respond to rapid changes the two ways
of operating the photovoltaic module at the
maximum power point are open-loop control and
closed-loop control methods. The open loop method
is based on the assumption that the maximum power
point voltage is a linear function of open circuit
voltage. Closed loop control involves changing the
input voltage around the optimum value by
alternately giving the input voltage a small increment
or a small increment. Then evaluate the output
power output and make further small adjustments to
the input wvoltage. This control is called
mountaineering control.

Various climbing controls include the "disturbance
and observe" method, the "incremental conductivity”
method, and the "incremental resistance" method.

MPPT can be achieved using some artificial
intelligence-based tracking (e.g., fuzzy logic-based
control, neural control with and without optimization
techniques). For some photovoltaic applications,
such as UPS, DC networks, etc., the constant output
voltage must be maintained under variable load
conditions, and the source voltage fluctuations must
also be maintained. Various voltage regulators using
DC to DC converters with different control schemes
are used to improve the efficiency of the controller.

Due to advances in power electronics technology
and the improvement of technology, it is expected
that there will be stricter requirements for accurate
and reliable regulation. This leads to the need for
more advanced and reliable design of controllers for
DC-DC converters. There are various analog and
digital control methods for DC-DC converters,
including voltage and current state control
techniques. [3][4]

II. RELATED WORK

The two ways of operating the photovoltaic module
at the maximum power point are open-loop control
and closed-loop control methods. The open loop
method is based on the assumption that the
maximum power point voltage is a linear function of
open circuit voltage. Closed loop control involves
changing the input voltage around the optimum
value by alternately giving the input voltage a small
increment or a small increment. Then evaluate the
output power output and make further small
adjustments to the input voltage. This control is
called mountaineering control. [5]

Various climbing controls include the "disturbance
and observe" method, the "incremental conductivity"
method, and the "incremental resistance" method.

MPPT can be achieved using some artificial
intelligence-based tracking (e.g. fuzzy logic-based
control, neural control with and without optimization
techniques). For some photovoltaic applications,
such as UPS, DC networks, etc., the constant output
voltage must be maintained under variable load
conditions, and the source voltage fluctuations must
also be maintained. [6]
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Various voltage regulators using DC to DC converters
with different control schemes are used to improve
the efficiency of the controller. Due to advances in
power electronics technology and the improvement
of technology, it is expected that there will be stricter
requirements for accurate and reliable regulation.
This leads to the need for more advanced and
reliable design of controllers for DC-DC converters.
There are various analog and digital control methods
for DC-DC converters, including voltage and current
state control techniques. [7-10]

Chandra Sekhar Nalamati et.al. (2018)The growing
popularity of renewable energy and electricity (EV)
has transformed the structure of the global energy
industry. In the charge-coupled charge system for
renewable energy, bidirectional AC / DC converters
are used for more reliable power generation
operations. This paper presents a bidirectional AC /
DC converter that combines an AC-DC bidirectional
converter (GBC) and a bidirectional De-Battery (BBC)
battery charger.

The GBC printer can facilitate bidirectional flow
between the AC and DC networks, while the BBC
converter can provide bidirectional power between
the energy storage / EV and DC grid systems. In
order to transmit power in the trunk, powerful power
management technology is required. Hysteresis
based power management technology is used to
inject electrical energy into the container. AC-DC
conversion offers asymmetric PWM strategies with

minimal conversion. PSCAD tools are used in
simulation to validate the proposed control
algorithm.

III. PROPOSED SYSTEM

The proposed network-connected bi-directional
simple power conversion converter system with low
input battery voltage for the proposed converter,
only one power processing stage is needed to
perform bidirectional power flow control and meet
common interface standards. The current input and
output of the folded network represents the power
flow and the transmitted power level.

It also includes power quality on the grid side.
Therefore, controlling the input and output of the
folded grid current can lead to the feasibility of the
proposed converter for individual power conversion.
This project designs and proposes a fuzzy controller
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for the Buck-boost DC-DC converter. To control the
output voltage of the buck-boost converter, the
controller is designed to change the converter duty
cycle.

The mathematical model of the buck-boost
converter and the fuzzy controller is derived, and the
simulation model is designed. The simulation was
developed in the MATLAB simulation program. To
verify the effectiveness of the simulation model, an
experimental device was developed. He developed a
buck-boost circuit using MOSFET as the switching
element. The fuzzy logic controller that generates the
PWM signal duty cycle is programmed.

Simulation and experimental results show that the
output voltage of the buck-boost converter can be
controlled according to the value of the duty cycle.
Due to the small signal model, the dc-dc boost
converter is a non-linear duty cycle function, and its
control method has been applied to boost converter
control. Fuzzy controllers do not require precise
mathematical models. Instead, they are designed
according to the general knowledge of the factory.
The diffuse controller is designed to adapt to
changing operating points.

The Fuzzy Logic Controller is designed to use the
Mamdani Fuzzy Inference System to control the
boost DC-DC converter output. The main switches Sp
and Ss in the proposed converter operate at a
frequency significantly higher than the mains
frequency fg.

I.—l_..

Fig 1. Proposed Block Diagram.

Therefore, the gate voltage vg can be considered
constant during the switching period Ts, and it is
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assumed that the folded gate voltage vo is the same
as the absolute value of the gate voltage vg. The
proposed converter only has the following two sub-
ranges: the on state of the main switch Sp and the
off state of the secondary main switch Ss, or the off
state of the main switch Sp and the on state of the
secondary main switch Ss.

Two modes of operation. Suppose that the duty
cycle of the primary circuit breaker Sp defines the
duty cycle of the primary circuit breaker D. The fuzzy
logic controller has been applied to the system by
developing a fuzzy logic control algorithm. The
design and calculation of the inductor components
have been completed to ensure that the converter
operates in continuous driving mode.

Fig 2. Proposed Simulink Model.

1. Fuzzy Controller Structure:

The structure of the fuzzy logic controller is based on
fuzzy sets, where variables are members of one or
more sets with a specific degree of membership. The
advantage of using fuzzy logic is that it allows us to
simulate human inference processes in computers,
quantify inaccurate information, and make decisions
based on fuzzy information, such as connecting
resistive loads to photovoltaic modules through
booster DC / DC converters. The block diagram of
the MPPT-based fuzzy logic control is shown in
Figure 2.

Membership functions of the proposed fuzzy system

The definition of fuzzy sets for each input and output
variable is shown in Figure 4-4. Three fuzzy subsets;
select the input and output variables of the fuzzy
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controller as small, medium, and high. As shown in
Figure 4-4, the membership function uses a
trapezoidal shape. The input membership range is
the PV voltage and the PV current is

.
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Fig 3. Membership functions fuzzy system of save
current to workspace.

The characteristics of the proposed photovoltaic
module (Voc @ 22V, Isc = 15 A) and the buck-boost
converter were modified. Similarly, the duty cycle
that the fuzzy controller output represents is
between 0 and 1 to provide more flexibility to
change the buck-boost converter.

2. Fuzzification:

Each input / output variable is required in a fuzzy
logic controller, and these variables define a control
surface that can be represented in a language-level
fuzzy set symbol. Each input and output variable of
the linguistic value divides its emission range into
adjacent intervals to form a membership function.
The value of the member indicates the degree to
which the variable belongs to a specific level. The
process of converting variable input / output
processes at the language level is called fuzzification.

3. Inference:

A set of rules is used to control the behavior of the
control surface related to the input and output
variables of the system. A typical rule is: if x is A
THEN vy is B. Under the premise of each rule with real
degree, reading a set of input variables will activate a
rule and help form a control to approximate it. Then,
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when all the rules are activated, the generated
control interface will appear. It is expressed as a fuzzy
set representing the restricted output. This process is
called inference.

4. Solar Power:

Standard Solar, Inc. recently completed one of the
first grid-interactive battery pack solar Micro grid
systems in the country. The first challenge is to make
this project a reality after months of dedication,
innovative engineering design and coordination with
key partners, public services and government
departments. The first half of this article will set the
stage explaining how to set up the Micro grid, its
features, and its uniqueness.

Then, I will discuss the time required to design and
install a solar Micro grid system, the lessons learned
from this groundbreaking project, and what technical
considerations  should be considered when
implementing this new technology.
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Fig 5. Solar Panel.
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The solar Micro grid system is designed to operate in
two modes: network interaction and island mode. In
the grid interaction mode, the battery system works
in parallel with the photovoltaic system. Photovoltaic
systems generally function as a grid-connected
photovoltaic solar system. During peak daylight
hours, the battery system is less active, but when the
PV system does not use most of the inverter's
capacity (for example, at night), it can actively
participate in the frequency response fast response.
The control system is designed to always prioritize
the use of the inverter capacity for the generation of
photovoltaic solar energy, and then use the rest for
frequency regulation.

In the case of total sunlight, photovoltaic systems
generally require approximately 700 W of capacity,
while the remaining 75 W of reverse capacity can be
used in the frequency regulation market. When the
power grid is interrupted, the micro grid system will
detect the loss of the power grid and send a signal to
the isolation breaker to trip and switch to island
mode. The system will automatically adjust from the
grid connected current source to the island voltage
source in a few cycles.

5. Maximum Power Point Tracking:

The power of photovoltaic (PV) modules is highly
dependent on the operating voltage of the
connected load, the battery temperature, and the
level of solar radiation. By connecting 70 variable
load resistors R between the module terminals, the
operating point can be determined from the
intersection of the load characteristics I-V and the I-V
curve of the module.

Figure 3-3 shows the operating characteristics of the
photovoltaic module and shows two areas. The area
of the current source is area I, and the area of the
voltage source is area II. The internal impedance of
the module in zone 1 is high, whereas in zone II the
opposite occurs. The inflection point of the power
curve is the point of maximum power Pmp. The
increase in short-circuit current is due to the increase
in temperature under constant solar radiation,
resulting in a decrease in internal impedance.

This is due to the decrease in open circuit voltage.
When the load impedance and the internal
impedance of the source are equal, according to the
theory of maximum power transmission, the
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transmission of power to the load will be maximized.
The load characteristics can be determined by the
slope of the straight line with I/V =1/ R. When the
module only uses a value close to Isc as a constant
current source in the AB region, R is very small.

In contrast, when the module is used as a constant
voltage source, the value in the CD area is close to
Voc, so R is large. By searching for the best Ropt
equivalent output resistance and adjusting the load
and weather conditions, you can track the point of
maximum power. In this way, by using the controller
to change the drive's duty cycle, the DC-DC
converter can be used to perform load line
adjustment.

Optimal Identification of Inverter Topology for
Maximum Power Point Tracking In this section,
different inverter topologies will be analyzed to
identify the performance and applicability of
maximum power point tracking of the required
system.
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Fig 6. Grid Synchronization.

Grid synchronization is an important part in the
control of grid-connected electronic power
converters. The basic phase angle at the common
coupling point must be tracked online to control the
energy transfer.

Digital implementation allows the implementation of
high performance algorithms that are very robust in
the presence of power quality phenomena. However,
various distortions will lead to a reduction in effective
bandwidth,

International Journal of Science,
Engineering and Technology

An Open Access Journal

i E

s [1] [ " (73 15

‘Fig 7. DC Link.

INVERTER CURRENT

TR 'ﬁ\ T

i

=2

BEE

BHE

| | '||"I‘JI I\I‘ “IL/" | | i | I |
el U v I i \J IR d U‘ VU Ul '\f I '\J v
Fig 8. Grid, Inverter and Load Current.

B

QRRRNT
I I I I I I I
) -
) -
- |
| | | | | | |
VOLTAGE
" ! ! T ! ! T T -
”" -1
" .
5 |
2 |
5 |
| | | | | | |
0 13 £ [t 1 15 5 5 4 [T 1

Fig 9. Battery Soc, Voltage and Current.

Page 6 of 8



Divya Prakash. International Journal of Science, Engineering and Technology, 2021, 9:3 International Journal of Science,
Engineering and Technology

An Open Access Journal

T T I 1 output actions respectively. In this controller, the
A \ i ‘. 1 ! :‘ A ‘.,‘ i ‘.“.‘ 1 ;1| {\‘-‘ trapezoidal shape of the input and output

| HL :\ “ |‘ mininl { i /\ “ \ « I \ NN membership  functions is proposed, and the
| \ \ '\ Ly / T [ \ Mamdani fuzzy inference method and centroid
i / '! i method are also selected as the debarring process.

The entire system includes photovoltaic, booster
vy converter, diffuse controller and modeling and

- simulation of the load under different irradiance
' ‘ ' — ‘ — ' T changes

e EREEE

REFERENCES
SVRVAY A ‘ Ay RYRVATAVAY fl‘\'

WAV VYV VYV YV VY J h IR'A [1] Xulia Guoming Chuai; Haonan Niu; Qianfan
— ' 1 Zhang  Grid Connected Power Generation
Control Method for Z-Source Integrated
e Bidirectional Charging System 2018 International

Fig 10. Grid Voltages and Current. _P:(\:A(/:eEr ilsc-i:‘;:;cr\c():;(r:.szcocigference (PEC-Nigata 2018

‘ : oo : ‘ : [2] Pandla Chinna Dastagiri Goud; Chandra Sekhar
T N .\ Ly ‘,\ g ;\ 1 Nalamati; Rajesh Gupta Grid Connected
#" I‘\I f I‘\ | ‘l i | ‘I\x | J" “ & I‘I '\ /‘I ‘l" I\‘I i ﬁ\ (; IH 1 i Renewable Energy Based EV Charger with
ﬂ#{'l" ||Hi /\J T / ' ||'||/ i lj'l' Bidirectional AC/DC Converter 2018 5th IEEE
?-‘ : H \ / I : i ‘1 H H ‘l N | \ " L ‘ li\l 1 T\ \ \ " ‘l Uttar Pradesh Section International Conference
:WIU | | U I H Al M ] ' | '\/ ] on Electrical, Electronics and Computer
2 i y H

:nr\\lp nwnr\[\nr\‘(\,qnﬂ' ﬂ”q"\“’km\‘ T

T I e e e

[
HH H | IR |
A - 'J : \f Hi i H‘! H I ‘/ H Engineering (UPCON) Year: 2018
L ‘-‘ RN i-' | Y | | Y [3] Fatama-Tuz-Zahura; Md. Ziaur Rahman Khan
snmer Advanced Control Scheme for Bidirectional Grid-

T /"\ R

\f'i/"/'*

- Connected Inverter 2018 10th International
1 Conference on Electrical and Computer
| Engineering (ICECE) Year: 2018

MH (i ||\||
n\" \ l\j \"’ li" |/ '\k 1 [4] Jiao Jiao; Runquan Meng; Zheng Guan;
il U || ‘H '| || H I ‘Hl || H \ ul 1 M ,‘ ] \/ If 1l Chunguang Ren; Lei Wang; Baifu Zhang Grid-
‘._!‘/ I \,‘ I !‘f_ ‘,/ | .\ﬁ 'U‘ | ﬂ/ Il ‘{" ",‘ ‘.j \ \f I\" ‘.‘}. 'IJ‘ ‘,’ i‘ WU I‘.T‘ connected Control Strategy for Bidirectional AC-
A DC Interlinking Converter in AC-DC Hybrid Micro
= SR CE— I —— grid 2019 IEEE 10th International Symposium on
Fig 11. Load Voltage and Current. Power Electronics for Distributed Generation
Systems (PEDG) Year: 2019.

IV. CONCLUSION [5] Yulu Cui; Yifeng Wang; Xiaoyong Ma A Delay
Compensation Control Method Based on
This study involved investigating a bidirectional grid Interleaved  Dual BUCK Full  Bridge Grid-
connected single-power-conversion converter with a connected Bidirectional Converter 2019 22nd
low-input battery voltage and a control system. International Conference on Electrical Machines

Additionally, theoretical analysis and experimental and Systems (ICEMS) Year: 2019.
results are presented. This chapter proposes a fuzzy ~ [6] H. G.Langer and H. -Ch. Skudelny (1989), "DC to
controller to track the maximum power point of the DC converters with bi-directional power flow and
photovoltaic power source, and simulates it in controllable voltage ratio,” in Proc. IEE EPE Conf,

Simulink / MATLAB. The controller is based on the pp. 1245-1250.

basic modules of the fuzzy system, namely [7] Capel (1986), “A bidirectional high power cell
(fuzzification, reasoning and de-fuzzification). These using large signal feedback control with
blocks read ambiguous inputs and program the maximum current control for space applications,”

device process, and convert the programs into

Page 7 of 8



Divya Prakash. International Journal of Science, Engineering and Technology, 2021, 9:3 International Journal of Science,
Engineering and Technology

An Open Access Journal

in Proc. IEEE Power Electron. Spec. Conf., pp.
684-695.

[8] K. Venkatesan (1989), "Current mode controlled
bidirectional fly back converter,” in Proc. IEEE
Power Electron. Spec. Conf, pp. 835-842.

[9] Ray (1992), “Bidirectional dc—dc power
conversion using quasi resonant topology,” in
Proc. IEEE Power Electron. Spec. Conf, pp. 617-
624.

[10]Inoue, S. & Akagi, H. (2007). A Bidirectional DC-
DC converter for an Energy storage system With
Galvanic Isolation. IEEE Transactions on Power
Electronics, Vol. 22, No. 6, (2007), pp. 2299-2306,
ISSN 0885-8993.

Page 8 of 8



