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ABSTRACT

Grid-connected photovoltaic (PV), negative intensity, and power devices all share the
underlying issues of voltage overshoot, rapid reaction, and lack of control over constant
error. Delivers the finest results with general damage as well. The effectiveness of an
inverter control strategy for a three-phase grid-connected PV device is discussed in this
publication. PV panels, boost converters, DC links, inverters, and resistor-inductor
(RL) filters make up the machine, which is connected to the utility grid by power
inverters. By optimizing the proportional vital (PI) controller, the suggested technique
aims to increase the robustness and good performance of the three-part grid-coupled
inverter device. This type of approach seeks to stabilize output edges, voltage,
frequency, and energy waves while reducing harmonics and DC input voltage
variations. To reduce the inaccuracy of the voltage regulator and cutting-edge regulator
schemes inside the inverter device, we tracked the PI controller settings by using a
particle swarm optimization (PSO) technique. The Sims Cape Energy Device Toolbox
in the MATLAB/Simulink environment (model 2021B) was used to apply machine
versions and control approaches. With total harmonic distortion (THD) at source
voltage and time values of 0.29% and 2.72%, respectively, and a temporal response
time of 0.1853 s, the results demonstrate that the proposed technique performs better
than prior research that have been discussed. This PSO-based global optimization Pl
regulator drastically reduces voltage overshoot by 11.1% when compared to
conventional systems, while also slashing the time it takes to attain equilibrium by
32.6%. First-class power control has significantly improved as a result of paying

attention to additional input parameters and optimizing input parameters.

©Daffodil International University Xii



CHAPTER 1
INTRODUCTION

1.1 Introduction:

Significant problems with air pollution, climate change, and global warming have an
impact on both natural resources and human health. The cost of putting off solving these
problems today may be much greater than the likelihood of success down the road. As
a result, investments in clean energy sources, such as renewable energy, are increasing
globally. Photovoltaic (PV) power is anticipated to have a favorable effect on the
environment as a renewable energy source with a consistent capacity to supply present
and future energy needs. PV modules adopt allocated technology (DG) technology
because of their widespread use in power equipment applications and their ability to
operate independently of the main grid. This DG unit has undergone extensive
development in a number of nations, including Spain, Germany, Japan, and the USA
[1]. For PV devices fed to the grid via inverters, the primary issues are high power
quality, balance, and performance disparities. When converting renewable modern
direct (DC) power into modern (AC) power for AC ground or delivering energy to the
software grid, inverters consume electricity. It is an electronic gadget [2].

Inverter management needs to be done properly while using PV energy. This is due to
the fact that PV power devices become highly desirable to consumers, especially in
situations where they are not already available. A contemporary control technique is in
charge of one of these devices' large-scale grid-connected PV machine power supply.
This method includes the use of a proportional-integral (P1) controller that is forced.
We are all aware that Pl controllers are widely employed in several programs and
gadgets due to their straightforward operational structure, slick construction, minimal
power consumption, and consistent overall performance [3, 4]. It can resolve a variety
of issues for different programs, including: B. Excessive overshoots, typical mistakes,
and fluctuations brought on by system fluctuations. The parameters of the PI controller
must be accurately received in order to ensure correct functionality and robust control

of the operation loop device [5].
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Preferable tuning techniques, such as Ziegler-Nichols, Cohen-Coon, and self-tuning
fuzzy Pl-based M-constrained gain-of-needs optimization (MIGO) [6,7], can be used
to find comfortable settings for the P1 controller parameters. However, a weak technical
foundation of mathematical iterations and trial-and-error results in a less reliable
controller that produces subpar outcomes. Additionally, a sliding mode controller
(SMC) was developed to fix the inverter output voltage's periodic inaccuracy as the
load varies. His THD for linear and nonlinear loads is reduced to achieve the desired
results [8]. To further enhance the performance of the PI controller, numerous
optimization techniques like genetic algorithms (GA), particle swarm optimization
(PSO), differential evaluation (DE), ant colony optimization, and neural fuzzy
evaluation are also used. That variable has been altered. [9-11]. we concentrate on the
GA implementation in back-propagating neural networks for PID controllers in order
to optimize the initial weights and reduce the DC contemporary [12]. The difficulty of
achieving the web optimization process is demonstrated by GA optimization, which
demonstrates that by investing more time in the optimization process, the total
performance within the DC contemporary suppression process is enhanced. increase.
However, compared to the GA approach, the PSO algorithm can produce an optimal
response in less time due to its single search range for the solution. Additionally, the
Ant Colony Algorithm (ACA) was employed in several other research to enhance his
Pl settings for backup PV arrays [13]. The Jaya algorithm is also tuned to minimize
frequency deviation in hybrid electric vehicle (HEV) packages using PID controllers
[14]. To verify the efficiency of the algorithm, one observer applied optimization of the
Jaya algorithm inside the parameter estimation of soil water retention [15]. Similar to
this, the BAT algorithm was applied to all other paintings [16] in order to find the best
settings for her PI controller for PV devices that are connected to the grid. Because of
its benefits, including robustness and global convergence ability, clean implementation,
and ease of calculation, the PSO method is frequently utilized in optimization solutions
[17, 18]. Additionally, the PSO rule set was able to arrive at the most secure solution
faster than the GA method. This research have has own that the design of the best-in-
class Her PI controllers for energy converters in DG structures is largely dependent on
optimization procedures.

Thus, in today's talk, PSO is employed for the crucial PI controller parameter design.
This seeks to enhance the power and stability of three-phase grid-connected PV inverter

devices while maintaining the quality and best Kp and Ki values in actual operation.
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Two PI controllers are used with a synchronous reference body to implement the
suggested control strategy. To produce excess dynamics, a feedforward payback is used
in the inverter's inner peak control loop. In light of the comments just made, the
aforementioned references have inadequate process facts, are less resilient, take longer
to compute than PSO, handle parameter complexity, and have exceptionally high
fitness costs for finding There are restrictions on the coding problems of Inverter
optimization's effects on improving energy efficiency, lowering DC link voltage
fluctuations, stabilizing output current and voltage, easing energy flow, reducing
harmonics, and stabilizing frequency inside the grid-related PV inverter are also not
properly covered. As a result, this work aims to improve the inverter system's energy
efficiency by reducing temporary response, limiting time overshoot, and achieving low
constant-country errors due to the model in.

Along with DC link stability, hundreds. Similar to this, the PSO is employed to obtain
the most ideal values of the Pl management parameters, reduce error, and improve the
voltage and frequency balance in a quicker and less difficult manner. The (m-record)
code in MATLAB is used to complete the PSO algorithm's implementation, and
MATLAB/Simulink is utilized to develop the inverter control scheme with a SMW PV
electricity generation.

The simulated results show that, in comparison to the PI controller without the
optimization method, the PI controller with the optimization strategy offers excellent

overall performance with little variance in overall harmonic distortion (THD).

1.2 OBJECTIVE WE STUDY:

1. To get the best quality values of the controller, we suggest an optimized PSO rule
set. A three-part grid-connected PV inverter's intensity quality and balance are
improved by Kp and Ki working in real-time.

2. To reach the ultimate optimization of the PI controller parameters, reducing transient
responses, minimizing timeouts, and attaining low variant-induced errors in the steady-
state area must be accomplished. Maintain the cost. Loading progress.

3. By reducing mistakes as much as possible and using load transient situations to find
the best and most informative PI controller parameters, provide real-time operation of

PV inverter devices with optimized controllers.
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1.3 WHY DO WE PREFER THE SUN AS A NON
CONVENTIONAL ENERGY SOURCE?

There are numerous unorthodox energy sources, such as solar heat, wind power, ocean
tides, and geothermal energy. Every atypical strength has a defined geographic range.
Solar energy is less expensive than other unconventional energy sources due to the fact
that it is accessible everywhere in the world and that the size of the collector object is
all that is required to produce the same quantity of heat or energy. less geographic
limitations Finding the quantity, quality, and timeliness of solar energy at a potential
location for solar energy converter installation is the main responsibility of a solar
energy system developer. This offers humanity the most potential of all the solar
energies. It is uncontrollable, limitless, eco-friendly, and unaffected by political
manipulation. Solar panel heaters, stoves, and water heaters are already available and
seem to be financially realistic options. Solar freezers, solar power plants, and solar
image Volta cells will soon be economically and technically possible. By the middle of
the twenty-first century, it is anticipated that solar energy alone would be able to supply
50% of the world's electricity demands. To avoid the transfer of thermal energy to
mechanical energy, the direct power conversion system was extended during the past
two years. This increased plant performance by 60% to 70%. Nevertheless, technology
is poised for success and is anticipated to be crucial in the next electric age.

1.4 Solar Photovoltaic System & Technology:
Systems and technologies for converting sunlight directly into electricity without the

use of a heat output interface are known as photovoltaics. The photovoltaic system's
architecture is straightforward, durable, and low-maintenance. The main benefit of this
solar power system is that it can produce power ranging from megawatts to microwatts
and is designed as a standalone system. They are utilized in power sources, solar-
powered homes, water pumps, communications, satellites, and spacecraft because of
this. Additionally, megawatt-scale power plants make use of it. The demand for this

photovoltaic system is rising as a result of its numerous uses.
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Solar PV produces no noise,
vibrations or exhaust gas.

s o !mm i
BENEIEAEE BRI m:;wxs' 577

Figl: Solar PV System

1.5 Photovoltaic Power Generation:
(See further) A photovoltaic system is made up of a variety of parts, including cells,

supports, mechanical and electrical connections, and devices for controlling or
modifying the electrical output. The system is primarily rated in peak kilowatts (kWp).
Peak Kilowatt (kWp) is the precise amount of power anticipated to be delivered on a
clear day when the sun is overheating. Grid-tied PV systems are typically connected to
sizable portions of an independent power grid, which receives its energy from the utility
grid. Residential solar power systems up to 10 GWp use kWp. Distributed generation
is what is being used here. Poponi estimated the rate of power generation in grid-
connected systems using the empirical curve approach, which is used to forecast the
various amounts of accumulated global PV supply necessary to reach the determined
break-even point. to determine PV pricing and the likelihood of photovoltaic (PV)
technology adoption. a model that takes into account various trends in the relationship
between rising pricing and supply over time [1 pv]. Ito et al. The energy payback time
(EPT), life of the complete cycle, and CO2 emission rate were evaluated for a 100 MW
very large scale photovoltaic (VLS-PV) system that would be deployed in the Gobi
Desert. We assessed its potential in terms of the economy and the environment. Cost of
system generation [4]. within et al. By examining the cash flows generated over the
course of a 100 MW power plant's lifetime, an economic analysis of power generation
from a floating updraft power plant (FSCPP) was carried out [5]. In arid and semi-arid
regions of the world, Mounir et al. evaluated the long-term prospects for large-scale PV

power generation and its transmission utilizing hydrogen as an energy carrier [6]. In
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terms of system technology and components employed, management, and prices, Snow
et al. described the megawatt system at the new Munich Trade Fair Center as a

substantial advancement in large-scale photovoltaic system technology. 7].
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CHAPTER 2
DESCRIPTION AND OVERVIEW OF PV
SYSTEM

2.1 Description of the grid-related PV inverter device:
A three-segment voltage supply inverter (VSI) is utilized in Figure 1 to depict a grid-

tied PV system. PV arrays, MPPTs (maximum power factor monitors), controllers,
inverters, filters, and loads are all included in this. The output of the PV device is linked
to a DC hyperlink capacitor, and the output becomes the input voltage of the inverter
device. Utilize a boost converter and MPPT rule set to get the most power possible out
of a PV device. To power, the loads, a step-up transformer on the distribution side
connects a three-phase VSI with control and RLC filtered outputs to the low-voltage
AC grid. Below is a description of a precise dynamic model of a grid-connected PV

equipment.

2.2 PV System Model:
The basic part of a PV machine is known as asolar cell. Several individual solar

cells connected in series form a PV module [17, 18]. Synchronization of PV modules,

PV Array Boost converter inverter RAC Filter .
- b Paaa)
{8 >< 1
C== Ve M >
&
4
Utility
Ig,abc grid
Inverter
controller Vgabe

Fig2.Schematic of the grid-connected PV system.
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As shown in Figure 2, it consists of a photocurrent supply Iph, a parallel supply diode
(D), a collection resistor Rs, and a shunt resistor Rsh placed in parallel with the
diode. Based entirely on the equivalent circuit, the relationship between output

voltage and modern

equation (1) is expressed as [18, 19].

Vyy + IRS> - 1) Vo + IR n

o = I = (e (LB
p p ANsSKT Rqy,

where Ish is the photocurrent, Ish is the current saturation, A is the perfect diode

component, q is the electron charge (1.602x10—19 C), ok is the Boltzmann

constant (1.381x10-23), T is the transfer Body. Ns are various PV cells connected in

series. The photocurrent

of aPV cell at any irradiance and

temperature can be calculated using equations (2), (3), and (4).

1 1d
T Iph D

Rs

| <
Ishl™

Rs/z

Fig3. Equivalent circuit of the PV model

Tablel.Principal parameters of the PV module.

Parameters Value
Maximum power Pmax = 213w
Maximum power voltage Vmp = 29.52v
Maximum power current Imp=7.28 A
Open-circuit voltage Voc = 36.48 V
Short-circuit current Isc=7.79A
Cell number per module N=60
Temperature coefficient of Isc Ki=0.054/°C
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Temperature coefficient of Voc Kv=-0.353/°C

Ideality factor of the diode A=0.972
G
Iph = E * [Ise + Ki(T — Ty )] 2
ref
R, +R
Iy = Isc.ref <%) 3
[ = Isc.ref + Ki(T - Trk) 4
s¢ q<V +Kv(T_Trk)
e ocref ANGKT -1

Gref and G are the nominal and real solar irradiation, respectively; Trk is the module
Absolute Kelvin scale of temperature. Ki is the trip current's temperature coefficient.
The open circuit voltage's temperature coefficient is denoted as Kv. ISC, ref, and Voc
are additional terms, where ref denotes the modules short-circuit current and open-
circuit voltage under predetermined test conditions [21]. Based on equations (1) to (2),
Table 1 displays the parameter values for PV modules (4). The P-V and i-V
characteristic curves are determined by the Simulink version using the same test, based
on the mathematical form of the PV module above. According to Figure 4.
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Array type: Innotech Solar [TS215XXXX;

Fig4. Characteristic curves of PV
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2.3 DC to DC Boost Converter with MPPT:
With a lower input voltage, a boost converter (DC to DC) typically generates a higher

output voltage. When a larger output voltage is needed, use. B. Due to non-minimum
phase behavior, control design for DC-DC boost converters, such as solar panels, wind
turbines, and electric cars, is challenging. Typical curves for various areas of solar
radiation and photovoltaic systems. Figure 4 illustrates [3]. The voltage and current of
PV arrays are significantly impacted by non-linear changes in solar irradiation and
temperature, leading to unpredictable power availability [22]. To track the maximum
power from the PV array based on the irradiance and temperature levels produced, the
MPPT method, also known as Peer and Observe (P&O), is employed in this system
together with a DC-DC boost converter. In [23, 24], a detailed description of MPPT
approaches and algorithms may be found. The P&O approach is used by the system.
PV voltage Vpv and PV power are detectable, and IPv controls the maximum PV
power. By adjusting the duty cycle D of the PWM components in the advanced inverter,
the extracted PV voltage is raised to 500 V relative to the DC voltage VVdc. People with
PV systems that are connected to the grid have an intermediary circuit. To eliminate
the current output ripple and to control and stabilize the voltage on the DC side of the
line converter, the DC link should have a value that is near to the maximum array
voltage. To get the most out of different inverter voltages, inverters should be well-
matched to contemporary array voltages. The rated voltage of the inverters is same

because of the DC link. This boost DC/DC boost converter's formula is:

2.4. DC-AC Inverter:
An inverter reduces high frequency harmonics to the line machine by converting DC

power to AC power through an AC filter output [25]. The controller generates PWM
pass/fail signals for converter transmission in accordance with the output characteristics
and control strategy of the converter. FIG. depicts a block diagram of the inverter
operating system in normal operation. It is made up of a filter, an insulated gate bipolar
transistor (IGBT), and a hyperlink DC voltage. The input DC link, which helps to
stabilize the input voltage fed to the inverter, is made up of a 1200 F capacitor linking

the DC power source to the inverter machine. To cut down on excessive frequency
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harmonic components supplying the grid system, the inverter is connected to the grid
through an AC filter [26]. A voltage operating loop and an internal modern loop make
up the inverter operating machine. While stabilizing and controlling the DC link voltage
Vdc in the voltage loop, a Pl regulator in the inner modern loop assists in changing the
main modern and DC hyperlink voltages [19,24].

Voqg = —sinf —sin(@ —2n/3) —sin(8 + 2rm/3) | | Vgn 6

Voa \/E cosf®  cos(6 —2m/3)  cos(O + 2m/3) Voa
Vo 1/2 1/2 1/2 Vye

2.4.1. Inverter control strategy:
A segment-locked loop (PLL), which is essentially based on the usage of a synchronous

direct quadrature (d-q) reference and the Park transform, is used to synchronize line
voltage and phase. The d-q rules are straightforward and exhibit excellent dynamic
responses [27]. By integrating the reference angular frequency, the reference angle is
determined. Grid voltage Vg, ABC and grid current Ig, ABC are transformed from ABC
to d-q using the crossing angle derived from the PLL to produce the voltage and current,
respectively, in the d-g axis reference body. Equations (6) and (7) are used to convert

the values measured in percent to the d-q axis reference object [28].

PVG  |api iy ¢ L

+ I ol 111}

dc-ac \?T de-ac B S =
Controller Inverter W
MPPT i P L s

P A

A | e
—4 Vdc controlier I L PWM Jﬂi

l vy - Ay
Ps” | Calculator |

Vai : A4 tv - o9
Va2 M_ Current Veltage Curvent £ In
M o SRS Controlier iw*| Controller | Yo'| Controller S
bz e g
Ve i
- :—ﬂ I PLL I Controller :

Fig5. Grid-connected PV system with three-phase inverter control scheme.
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lod \/E cosf  cos(6 —2m/3)  cos(6 + 2m/3) Iga
1/2 1/2 1/2 Iye

g =
Lo

where (Vga, Vgb, and Vgc) and (lga, Igbo, and Inc) are the grid's three-phase voltages
and currents, and Vod, iod, and Voq are the voltages and currents in the d-q axis
reference frame. The internal inverter management controller for the d-q version works
with an asymmetric DC charging device ended by a Pl controller, therefore the
conversion from ABC to d-q is crucial for inverter operation. For the d-q to ABC
conversion, which results in Vac, a Pl controller in the inner loop creates the active
reference voltage Vd and the reactive reference voltage Vqg. Within the inner-loop
operation, the active and inactive current axis should be distinguished using a feed-
ahead term [29]. The PWM character will then use the Vabc value to modify the gate
pulse for the inverter. Equations (8) and (9) can be used to get the actual response
intensity after the Park transformation [19, 26]

3 . .
P = E(Vod *log + Voq *loq) 8

Q:

(Voq * iod - Voq * ioq) 9

N| W

where on the d-q axis reference frame of the grid view, Vod, Voq, and iod are referred
to as tension and cut, respectively. The inner control loop of the inverter control scheme
uses advanced control to precisely track the current signal while temporarily removing
high-speed hardware. The line-side inverter output energy and reactive voltage (Vd and
Vq) for the d-gq synchronous body at road frequency can be represented using equations
(10), respectively, from the current inner-loop control of the inverter shown in Figure
5. (11).

. Kia .
Voa= 2> ~ioa (qu + Tl) —w Lp *igg + Vg 10
o . Kiq .,
Vq=ZI>—Lod qu+T — W Le*iyq + Vg 11
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Then, utilizing controlled pulses from the inner control loop and the specified amount
of current, it turns the VSI inverter. This can be used to supply first-rate, premium
power to electrical equipment. The primary characteristics of the grid-connected
inverter device are listed in Table 2. More comprehensive statistics about inverter
management devices for the grid are provided in [27,28]. In order to deliver premium
super energy, the VSI inverter is replaced and fed by a regulated pulse from the inner
loop that is operated with a controlled amount of energy. Table 2 displays the major
characteristics of the grid-connected inverter device. [27, 28] provide more statistics on

grid-connected inverter-operated equipment.

2.4.2. Phase lock loop:
Inverters that are connected to the grid can accurately and quickly detect supply

segment settings thanks to the PLL device in Figure 4 [27]. A synchronous PLL frame's

t
w = KF"Vpq + KM j Vaqdt 12
0

t
9=fwdt 13
0

block diagram is shown in FIG. 6. In order to reduce rotation frequency setting errors,
the PI controller adjusts VVoq to zero. By integrating the angular frequency, the junction
point's location is discovered, and it may be written as [29, 30].

Table 2. . Main parameters of the inverter connected grid.

Parameters of the inverter Value

Effective voltage of the grid Vgrid = 33 kV
DC link voltage Vdc =500 V
DC link capacitor Cdc = 1200 pF
Grid frequency ® =27*50 rad/s
R filter of the inverter Rf=1.89 mQ

L filter of the inverter Lf=250 uH
Switching frequency of the inverter fs =2 kHz

Line Resistance Rg=0.04 Q/km
Line Impedance Xg=0.13 Q/km
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Fig6: Block diagram of the PLL

2.5 Voltage regulator controller:
In grid-connected PV systems, DC linkages play a significant role. They function

because the DC bus connects the boost converter and the inverter. A DC link capacitor
is a component used to increase the power requirements' convenience and safety [29].
Utilizing a connection controller will allow you to modify the energy slip of your
network system. The current discrimination at the grid reference level is produced by a
Pl controller. As a result, the internal regulator loop's input is changed from the external
voltage regulator's output. Equation provides the model for the DC link voltage

regulator (14).
°q = e* (Kpdv + fKidv) 14

where e is the variance between the reference voltage and the voltage being measured.
To maintain the DC hyperlink voltage with the least amount of error, the estimated error
is the input to the PI controller. The boost converter and the inverter device should have
a consistent DC connection voltage. This is because THD, which results in horrific sizes

that are at ease on grid devices, is caused by variations over DC connections [31].
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2.6 Current controller:
For grid-connected businesses to achieve world-class power improvements, modern

regulators are essential. As shown in Figure 7, the current regulator is constructed using
a feed-ahead decoupling strategy to the terminal voltage. Modern synchronous d-q
frame management necessitates the use of a PLL to detect the viewpoint of the line
voltage section if the park transformation is imposed in accordance with equations (6)

and (7) [32]. Figure 7 displays a block schematic of a contemporary controller..

K, + ks v, ol
& S2
oL¢ - PWM S3.
®»( Switching a Inverter
ail, Technique »
' V’G - SS e
K, '+ ks S6,

Fig7. The current controller in the grid-connected mode.

From Fig 7, the following equation can be obtained:

od _ _K;)i _(L)Lf iOd Kg 0 iod Kid 0 xd VOd
Vo - d l + d o) + d [x ] + V 1 5
q wly  —Kp oq 0 K g 0 K| q oq

Where, Xqg = (iod — iod)/s 16
._)_ioq
_lq
Xq = 17

S

In order to feed into the heartbeat width modulation (PWM) method and switch the
inverter, the output sign from the current controller is translated from the d-q

synchronous references frame to the ABC transformation.
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Chapter 03
PI-BASED PSO ALGORITHM

3.1 Pl-based PSO algorithm:
The PI controller is often a feedback management loop created using load-primary-

based device equations that have been linearized [33]. The major criteria for using Pl
controllers to control inverter systems are good control performance, seamless
implementation, and high reliability. In order to control grid current and intermediate
circuit voltage, modern controllers and maximum AC system voltage use PI controllers.
By doing so, he is able to stabilize the DC hyperlink voltage of the inverter machine
and properly control the active power delivered to the power supply. This is because
significant nonlinear effects from inverters and loads lead to device voltages and current
harmonics, which completely kill a power device [34]. His PI controller scheme for
grid-connected inverters using inductive filters has undergone a lot of development in
this area. For instance, in [35], the authors suggested a straightforward, step-by-step
controller design technique for grid-tied inverters of the LCL type. We obtain the
complete range of details of the controller parameters for assembling the device
specification, from which we can easily read the controller parameters, by carefully
managing the interaction between the current controller and the energy decay.
Additionally, the annualized stability cost of LC filter-equipped grid-connected
inverters is calculated [36]. The outcomes of this study demonstrated that when utilizing
a typical His PI controller, potential differences in grid impedance have a considerable
impact on device stability. Due to its simplicity and balance, Pl controllers have
traditionally been utilized in synchronous reference frames. Even though PI controllers
are incredibly honest when it comes to tuning, the variation in nonlinear load conditions
and grid disturbances creates significant obstacles to finding a top-notch and completely
durable solution, and relies on the designer to achieve first-rate performance [37].
According to the most recent research, employing focusing commands applied in a
three-section inverter device can reduce negative voltage regulation in a grid-linked PV

machine with a Pl controller [38]. Additionally, the grid-connected inverter device uses
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the L-kind clean out, which has been shown to reduce cutting-edge harmonics [39],
which is controlled by the finite version predictive. This control strategy, however,
necessitates the dimensioning of all device nation variables, adding an additional layer
of complexity to the inverter system. In the current study, the PSO algorithm
optimization approach is used for the best design of the PI controller parameters to
obtain the best and most suitable values of Kp and Ki in real-time operation to decrease
the short reaction, reduce time overshoot, and reap low consistent-kingdom errors
caused by load variations inside the 3-phase, grid-linked PV inverter device.

By attempting to determine the safest values of Kp and Ki in real time, this is done in
order to make sure that the optimization procedure utilizing the PSO algorithm is well-
drawn and offers a speedy response. This PSO algorithm optimization method responds
right away to fix input mistakes from the device. A possible design for the PSO-based
inverter managing equipment is shown in Figure 8. By reducing the error between
voltage regulators and cutting-edge regulators, a PSO approach is used to optimally
design the parameters of Pl regulators. The PSO algorithm's fitness functions and
constraints are described in detail below. The parameters of Desk 3 throughout the
implementation describe the key advantages and disadvantages of the conventional
Ziegler-Nichols approach, fuzzy common sense controller, neural fuzzy common sense,
GA, and PSO algorithms. Best response in comparison to other approaches. When
compared to fuzzy common sense controllers, PSO algorithms do not require inference
rules across implementations, while fuzzy neural expertise necessitates time-

consuming trial-and-error methods. the result is
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Fig8. Schematic diagram of the proposed PSO optimization technique for the

inverter control scheme.

Table3. Advantages and disadvantages of the control algorithm.

Algorithm

Ziegler-
Nichols

Fuzzy Logic

controller

Neural

Fuzzy Logic

GA

PSO

Data
Training

No

No

Yes

No

No

Rules

No

Yes

Yes

No

No
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Function
evaluation

No

No

No

Yes

Yes

Parameter
setting
Simple with
calculation
Simple but
trial and
error

Huge set of
parameters
Huge set of
parameters
Simple set of

parameters

References
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[7]

[9, 11]

[12]

[17, 18]
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To find the best values of the PI controller settings with quicker replies, use the PSO
method, which facilitates an easy and quick implementation procedure with a single

solution space.

3.2 Fault Analyses:
A photovoltaic system might experience a variety of defects. Here we list several

different types of worrying flaws and strategies to correct them.

1) Ground Fault: A ground fault is an electrical short circuit involving the ground
and one or more conductors that are normally labeled as current-carrying
conductors. The magnitude of the ground-fault current is influenced by
geographical factors, fault impedance, and fault location. If a ground fault is not
cleared by proper fault protection, the fault connection may begin to grow and
sustain a DC arc, which could pose a fire risk. The following factors frequently
contribute to common ground faults [40, 42]:

>> Incidental short circuit between a normal conductor and ground, which occurs when

a wire in a junction box for a module accidentally contacts a grounded conductor:

>>Animals chewing through cable insulation and resulting in a ground fault is an

example of cable insulation failure.
>> Ground problems with PV modules, or the shorting out of a solar cell to grounded

module frames as a result of a PV module's degrading encapsulation, impact damage,

or water corrosion.
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2) Line-to-Line Fault: A line-line fault occurs when two electrically charged sites in a

system or network unintentionally form a low-resistance link. A short-circuit fault

between PV modules or array cables of different potentials is the conventional

definition of a line-line fault in photovoltaic systems. In this study, it is assumed that

ground points are not present in line-line faults. A line-line fault could be categorized
as a ground fault if it lacks any ground points.

The following are possible root causes of a line-line fault: [42]

>>Accidental short circuit between two conductors that convey current, such as a nail

piercing exposed wiring.

>>Animals biting through cable insulation and resulting in a line fault is known as

"cable insulation failure."
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>> Line-line failures in the DC junction box, such as water damage or mechanical

issues.

Centralized inverter
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Strng 6 ;

2
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E:il P module

Series fuse for
overcurrent protection

= ==

Figl0: Schematic Line to-line fault.
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CHAPTER 04
RESULT AND DISCUSSION

4. Results and discussion:
3 MW grid-connected PV power was applied in MATLAB/Simulink with constant

irradiance and temperature of 1000 W/m2 and 25 W/m2, respectively, to apply the
suggested PSO for adjusting the PI controller settings in the inverter control scheme.
To support the proposed PSO sequence for the inverter operating scheme, we show
simulation and test data. The very safe parameter values of the PI regulator, the stark
contrast between the results obtained with and without optimization, and his THD of
voltage Rated are the key features of the results. The latter demonstrates how his three-
part grid-related inverter for PV devices is strengthened by the suggested optimization
technique. The performance of the final PI controller parameters for the three-segment
grid-connected PV devices is compared in Table 4. To enhance the performance of the
inverter device, these parameters are utilized within the inverter controller management
algorithm. After a period of trial and error, the initial cost of his PI controller for an
inverter machine was altered. His three-part grid-related PV machine version of the
MATLAB/Simulink environment simulation is where these trial-and-error values are
initially used. The PSO algorithm code is then simulated, and after 100 iterations, the
version enters execution mode. The final values of the PI controller are displayed in
Table 4 after repeating this procedure up to a maximum of 100 times.

Matlab Code for PSO Based Pl Controller:

function Dref = mppt(V, I)

Dinit = 0.42;
Dmax =0.9;
Dmin=0.1;

delDref = 0.00008;
persistent VVold Pold Drefold;
if(isempty(Vold))

Vold =0;

©Daffodil International University 23



Pold =0;
Drefold=Dinit;

end

P=V*l;

delv=V-Vold,

delp=P-Pold;

if delp>0
if delv>0
Dref=Drefold-delDref;

else
Dref=Drefold+delDref;
end

elseif delp<0
if delv>0

Dref=Drefold+delDref;
else
Dref=Drefold-delDref;

end

else
Dref=Drefold;

end

if Dref>Dmax || Dref<Dmin
Dref=Drefold;

end

Drefold=Dref;
Pold=P;
Vold=V;
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The intermediate circuit voltage of the PI controller with and without the optimization
technique is compared in Figure 11. As can be observed, the PSO technique has a rise
time of 0.112 seconds, whereas the PI controller without optimization has a rise time
of 0.1322 seconds. By making the DC link voltage more responsive than the
conventional PI controller, the goal is to stabilize the inverter machine's DC input
voltage. In 0.4 seconds, the grid device's charging process completely changes.
Furthermore, the PI controller was able to reach normal landing circumstances more
quickly than with a conventional Pl controller because to the PSO technique.
Consequently, PSO Approach

can eliminate the short circuit effect on the device and give the inverter a steady DC
input. The DC hyperlink input stage is stabilized and causes less ripple on the inverter's
AC output waveform. Figures 12 and 13 illustrate, respectively, the device with
controller's modern outputs and three-phase voltage. A simulation employing a Pl
regulator with and without PSO technology is used in Figure 12 to evaluate the power

supply output voltage.

Table 4. Comparison of the values of the final parameters with different techniques

Item P1 Controller

Trial and Error | Ziegler- PSO Technique

Nichols

Proportional gain of voltage | 0.532 2.05 1.4575
regulator, Kp v
Integral gain of voltage regulator, | 10 1.56 3.1055
Kiv
Proportional gain of active current | 20 0.32 14.575
controller, Kp d
Integral gain of active current | 250 20 13.105
controller, Ki d
Proportional gain reactive current | 3.052 1.5 0.9226
controller, Kp q
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Integral gain of active current | 150 20 16.349
controller, Ki q

DC link oscillation peak 620.47 599.8 532.12
Frequency, Hz 50 50 50

Att=0.4-6 s, the load step on the grid system suddenly increases, and a slight noise is

observed in the voltage amplitude from the conventional Pl controller technique. Fig

11 shows that the output voltage from the conventional Pl controller has a harmonic

waveform at 0.065

700
598.74 V

532.12V
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100 |
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Fig 11. DC link voltage for both the conventional and optimization methods
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Fig 12. Three-phase output voltage comparison of the output grid system

Compared to the output voltage of the PI regulator utilizing the PSO technique, which
has significantly less harmonic output waveforms, 0.07 seconds are required. The
inverter operation scheme's proper management algorithms, which reduce the output
sign's harmonic levels and offer a constant output voltage across the device, are
responsible for this outcome. Over a period of erratic load variations, the amplitude
remains steady and constant.

The output current comparison between his traditional Pl controller forcing system and
a number of different PI controllers using the PSO technique is shown in Figure 13 The
findings indicate that unexpected load step trading causes the output to vary between
0.4 and 0.6 seconds. As the load draws greater current from the power supply unit, the
current is enough in the system's load change boom. The output waveform harmonics
of the PI controller

Without PSO are better than those of the PI controller that uses PSO technology alone.

This finding demonstrates that
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Fig 14. Power flow analysis - PI controller

The potential of inverters is shown in inverters that harvest energy from PV power and
supply it to the grid, load demand, and load. Parents have seen that when load
requirements are abruptly changed, momentary stomping issues arise. A transition can
be used to investigate overshoot. In general, the short-term condition of grid-connected
equipment is proportional to insolation power, frequency, and load fluctuations.
According to Fig. 14(A), the inverter device exhibits the overshoot in the PV and the
grid-delivered energy in the case of a step short in addition to, and showing many
transients. This is in contrast to the PSO-based PI controller. In contrast, as seen in
Figure 14(B), the PI controller employs the PSO approach to reduce overshoot, lessen
the overall transient effect, and return the waist to steady state. As the weight demand
rises and falls, a PI controller utilizing the PSO technique can account for device
transient effects and overshoot. An important consideration when employing energy
devices, especially when connected to the grid, is the machine's optimal performance
in terms of voltage and regency with low harmonic content. The explanation is that

superior output performance, low THD at voltage, and a cutting-edge signal offer
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consumer’s greater linear energy, which results in energy savings. The energy
component of mass is negatively correlated with the THD issue. An excessive amount
of THD components in the line machine are caused by a low power factor consuming
the load. His THD problem of voltage and current in the output section may be
decreased to an acceptable level of less than 5%, which satisfies the IEEE standard 929-
2000 [39, 46], using an upgraded controller and Fast Fourier Transform evaluation. The
voltage harmonic spectrum is shown in Fig. 16, and the actual output waveforms from
the conventional PI controller and the PSO technique PI controller, respectively, are

shown in Fig. 17. The outcome of the harmonic voltage spectrum is zero.

Fundamental (S0Hz) = 2.688e+04 , THD= 4 32°9%
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Fig 15. THD and harmonic spectrum of the inverter output voltage.
(a) Conventional PI controller; (b) PI controller with PSO.

PSO approach was used. According to Figs. 15(A) and 15, this represents a reduction
of 4.32% compared to the typical PI controller (B). As demonstrated in Fig. 16, the
harmonic spectrum of the contemporary on-output inverter machine has values of 4.49
and 2.72% for the traditional PI controller and the PSO technique, respectively.
Therefore, improving the inverter machine's controller set of rules results in improved
overall device performance. The effectiveness of the suggested controller, which
applies the PSO method to the inverter control system with voltage and contemporary

controllers, clear out, and sinusoidal PWM approach, is attributed to the harmonic level.
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Figure 16 demonstrates that the PSO method minimizes the fitness feature and
converges on the price in 48.6 iterations as opposed to the Binary Coded Extremal
Optimization (BCEO) rule set, which runs in 68.9 iterations of convergence. It
demonstrates arriving at a successful conclusion. Using the PSO rule set, the
optimization was carried out for 100 iterations to identify the primes of the generated
Pl controller parameters Kp and Ki. This PSO is used to determine the voltage and
current controllers of the 3-segment inverter device's highest quality values for the Pl
controller parameters. The PSO technique has a fair overall performance in the
controller compared to utilizing the BCEO rule set in the formula to determine the
quality value of the PI controller, as can be seen from the results. A grid-connected PV
system's frequency behavior utilizing a set of inverter control rules is depicted in Figure
18.
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Fig 16. THD and harmonic spectrum of the inverter output current.

(a) Conventional PI controller; (b) PI controller with PSO

Today's big ones are off the net to meet weight demand. The weight demand rapidly
reduces at 0.6 seconds, and as a result, the present time is fed back to the grid, resulting
in a higher power supply to the load as the load requirement decreases. Compare the
frequency response resulting from a P1 controller that predominantly uses PSO with a
PI controller that doesn't use an optimization procedure. Because the PSO rule defined
in the controller accounts for the overshoot during tuning, the frequency response of

the PI controller utilizing the PSO approach remains steady and constant during
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adjusting the load demand. As previously stated, the voltage regulator controller block
determines the identification of the living contemporaneous reference in the d-q axis
reference frame and obtains it from the PI controller output using the PSO approach.
The analysis of the discovered output curves for the traditional PI controller and the Pl
controller utilizing the PSO approach is shown in Figure 19. Controlling the id or
reactive cut-off criterion Iq allows one to regulate the amount of energy and reactive
power sent to the grid. In comparison to that identified by traditional P1 controllers, the
discriminative reference output of PI controllers with PSO is more reliable and
consistent.

Additionally, the chaos brought on by software grid gadgets can be utilized to measure
ID's overall functionality. Figure 20 depicts Identity's power response after 0.7 seconds
of line interruption. Due to transmission line device interference, grid facet voltage and

strength are not currently available.
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Fig 17. Relationship curve between fitness function and iteration.

When the PSO optimization strategy is used, the reference response of the PI controller
is always very powerful and controllable in terms of perturbing the software grid facets.
This is so that the device can be charged in the most reliable manner possible using the
PSO optimization technique, which can take into account and synchronize any
unanticipated disturbances brought on by correct tuning and tweaking of the PI

controller settings. In order to provide stable inverter system performance, the PSO
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optimization technique is strong and can efficiently regulate his PI controllers in three-
phase grid-connected PV inverter devices. The performance comparison between the
PSO approach and the conventional Pl controller is shown in Table 5. The Ziegler-
Nichols approach, the PI-PSO method, the Binary Coded Extremal Optimization
(BCEO), and the optimization of the PSO algorithm are the key methods used to
compare numerous reported works in this topic. The most popular strategy in control
systems is the Ziegler-Nichols approach. A prior study in [40] also demonstrated that
the conventional Ziegler-Nichols approach offered superior performance.
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Fig 18. Frequency response of the grid-connected PV system.
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A nebulous controller of common sense. As a result, the Ziegler-Nichols method is
completely used to determine the typical PI controller strategy. Based on the end period
Tu and end gain Ku of the run operating the device in the voltage control loop and inner
control loop, the PI controller's peak value is calculated. The final oscillation length and
maximum gain are utilized to describe the process dynamics. We can calculate Kp's
value as well as the last period Tu if Ki is assumed to be 0. For PI controllers, the values
of such controllers can be found by utilizing the Ziegler-Nichols desk. The progress
made in introducing the PSO rule set for gadgets is summarized in Desk 5. The
proposed strategy performed better than a number of established techniques, as shown
in the table. His PSO technique in this image shows THD to be 0.29 percent for mains
voltage and a few 72 percent for current time, respectively, which is lower than values
reported in many research. At 0.1853 seconds and 0.112 seconds, respectively, the
times to push up and reach constant rich condition are substantially quicker than the

others. dual primaries

f————— Without PSO Optimization
f———With PSO Optimization

0.4626 s

1 1 1 1

0.2 0.4 0.6 0.8 1.0
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Fig 19. Active current references id of the inverter control system under load

variation

The variables that lead to the significant improvement in network performance include
additional input parameters and optimized input parameters of the control engine. His
PSO algorithm for cutting-edge paintings is the voltage loop, reaction force loop, and
today's loop with feedforward separation, in comparison to previous works that

employed both voltage loops and modern loops most successfully. I'll describe
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technology. Within the constraints of the input parameters, the PSO algorithm
optimizes each PI controller that is impacted. The optimized input settings of the
controller were accepted as a compromise for errors and failures. Based on load
variations and grid disturbances, the PSO algorithm tracks faults and fault replacements
immediately, giving the controller gold standard value. Due to increased input
parameters and optimization-related limitations, the computational error grows.
However, it takes time for the PSO ruleset to simulate versions and balance mistakes

and alternatives.
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Fig 20. Active current references the id of the inverter control system under grid

disturbance.

In comparison to other published work, the rise time needed by the controller to cause
a defect in the system was significantly shorter, leading to optimal outcomes and great
performance to lower the reference active current of the inverter system. and rapid

reactive currents.
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CHAPTER 05
CONCLUSION

5 Conclusion:

A controller concept for high-performance control of a three-phase grid-connected PV

system is described in this study together with modeling and verification results. The

MATLAB/Simulink environment is used to model and test the system. By minimizing

the errors in the voltage regulator and current regulator, the PSO approach is used to

determine the ideal values of the PI controller parameters. Additionally, to minimize

errors as much as feasible, this strategy is adopted.

Table 5. Comparison of reported works.

Item Pi Controller
Ziegler—  PI-PSO
Nichols  Technique
[5] [47]

Total 4.32 4.20

harmonic

distortion

(%), THD

of voltage

Total 4.49 2.9261

harmonic

distortion

(%), THD

of current

Time to 0.275 0.38

reach

steady

state
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BCEO-PI
controller
[48]

24

N/A

0.2356

PSO
Algorithm

0.29

2.72

0.1853

Percentage of
Improvement
from [5, 47, 48]
(%)

93.2;93; 87.9

39.4; 7.04; N/A

32.6; 51.2; 21.3
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condition

(sec)

Frequency, 50 50 50 50 N/A

(Hz)

Rise time 0.223 0.3441 0.1652 0.112 49.7; 67.4; 32.2
(sec)

then ascertain the PI controller's peculiar parameters. Grid disturbances and the effects
of load transients are also discussed. In order to minimize error and decrease overshoot,
transient response, and control error, the proposed PSO approach establishes the critical
Pl controller settings and provides the inverter controller with the best possible
response. The findings further demonstrate that, in comparison to prior proposed work,
the THD probability of the voltage and the actual inverter output signal are substantially
lower during load change, at 0.29% and 72%, respectively. Here | am. Additionally, his
reaction at typical frequencies below 50Hz is more than 20% faster than the others since
it takes much less time (0.1853 seconds) for the input voltage to reach a steady state
than the others do.

Finally, the DC link's response time to device fluctuations is 0.112 seconds, which is
more than 30% quicker than the other noteworthy results. These outcomes show that
by including more useful input factors and optimizing those input parameters, the
proposed approach outperforms numerous research papers. In terms of DC-link droop,
voltage and current stabilization, harmonic markdown, and frequency stability using
this approach, the proposed method exhibits good performance. To achieve sufficient
power increase and first-rate strength gains, inverter controller systems in energy
equipment applications might employ advanced robust controllers.

Hundreds of individuals experience inconsistent power supply as a result of
interruptions in the power produced by PV systems, which are fully dependent on solar
radiation. As a result, poor management and an ideal controller design produce pure,
cozy, and steady inverter system performance. In order to get the most advantageous
settings for the PI controller parameters and enhance device performance for real-time
simulation devices, the PSO rule set is therefore executed within the PI controller in

this observation
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