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Abstract: Modelled and designed an efficient controller with an effective control method for a connected solar PV system.
The proposed model is created by combining an integrated converter, a maximum power point tracker (MPPT), and an
efficient controller with an effective control scheme. The proposed controller is designed using the adaptive grasshopper
optimization algorithm (AGOA). The proposed controller delivers precise control signals for optimal switching in the
system and creates a database of control signals for optimal power flow in the system. The proposed model is run in the
MATLAB/Simulink environment, and the efficiency of the system is compared with other existing methods.
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. INTRODUCTION

This template, Solar power has the ability to supply
inexpensive, endless electricity. These are more
environmentally friendly as they are more potent, dependable,
and pollution-free [1]. The increased demand on the electrical
infrastructure has resulted in a sharp increase in the use of
electricity in recent times. Power demands can only be met by
renewable energy sources. Wind and photovoltaics, for
instance, are two of the most significant energy sources [2].
Microgrid-connected PV systems [3] can provide sufficient
electricity to fulfil load demands. Because PV systems are
sporadic [4], inclement weather is interfering with the
production of solar electricity. Along with its intermittency,
matching PV power to a load that changes constantly is the
most difficult [5]. Nighttime is the busiest time of day,
especially in the city's residential and commercial areas. PV
is therefore frequently paired with energy storage
technologies like batteries. Maintaining power delivery to the
load during periods of high consumption, particularly during
night, is crucial. As power backup devices, batteries are
crucial to ensuring a steady power supply [6]. They are
charged with a lot of energy during off-peak hours, which are
usually throughout the day, and then utilised to generate
electricity during peak hours [7]. In recent years, traditional
generation has grown more expensive, less effective, and even
unavailable. Non-traditional power generation is therefore
becoming more and more common [8]. In order to maintain
the duty ratio of switches in the integrated DC/DC converter
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and enable the PV module to generate the greatest amount of
power, the greatest PowerPoint tracker (MPPT) is used to
deliver exact signals to the PWM unit [9]. A list of strategies
to mitigate the impact on the public grid was developed by
researchers. The most effective strategy to lessen the burden
on the public grid is to install electric car charging stations
that are powered by solar, wind, and fuel cells [10]. One of
the planet's most plentiful energy sources is solar energy.
Unlimited, inexpensive power might be produced with solar
energy. Because they are more dependable, powerful, and
pollution-free, they are better for the environment [11].
Microgrid-connected PV systems can supply sufficient
electricity to satisfy load requirements [12]. It is challenging
to generate electricity from the sun due to the PV system's
intermittent nature, which is brought on by inclement weather
[13]. To provide optimal switching of the dc/dc converter to
monitor maximum power from solar energy, the Maximum
PowerPoint Tracker (MPPT) provides precise signals to the
PWM unit [14]. Research was done on the design and
modelling of POSLLC converters [15]. The converter's modes
of operation, average DC input current, and voltage transfer
gain are all analysed for modelling purposes. The converter
was modelled using the state space averaging technique [16].
The performance and dynamic responsiveness of the
converter are investigated using small signal analysis. An
efficient controller with an effective control strategy is needed
to create and track the PV system's robust, optimal power with
the least amount of converter switching power loss. Based on
the adaptive grasshopper optimization approach (AGOA), we
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proposed an efficient controller in this work. Crossover and
mutation alter the grasshopper's hunting behavior [17]. The
AGOA algorithm was inspired by grasshopper hunting
behavior. The AGOA control strategy was used to adjust the
Pl Controller's gains. In a MATLAB/Simulink environment,
the effectiveness of the AGOA control approach is contrasted
with other existing methods. Investigations are conducted into
both changing solar irradiance at constant load and constant
solar irradiance at varying load. The current, voltage, and
power responses were examined for both scenarios and
contrasted with established methods such FFA [19] and GWO
[18].

The following is a description of the current work's
part. Section 2 describes how to set up the grid-connected PV
system with AGOA controller.  The POSLL converter's
architecture and modelling, including its operating modes, are
covered in Section 3. A brief explanation of the current
work's control mechanism is provided in Section 4. The
Simulink and MATLAB findings are examined in Section 5.
In Section 6, the current work has come to an end.

1. THE SYSTEM CONFIGURATION

SRR =

IPPT
Controller

DC LOAD

I

| | AcoA

’ Controller ‘

DC/AC Co;wemr ’

!

AC-BUS § ]

o

A G

ACLOAD

Fig 1 The System Configuration of the Grid-Connected PV
System with AGOA Controller.
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The grid-connected PV System setup associated with
the microgrid, the POSLL Converter, and the chosen AGOA
controller is shown in Fig. 1. Positive output self-lift Luo
converters (POSLLCs), maximum power point trackers
(MPPTSs), controllers with AGOA, DC-Microgrid, the grid,
and electrical loads are all connected in the suggested model.
Initially, the photovoltaic cell harnesses light energy through a
solar module to produce electricity, which is subsequently
sent to the DC microgrid using the DC-DC Converter. The
standard MPPT device modifies the pulse widths of the PWM
unit to regulate the converter output using PV-Voltage and
PV-Currents as reference values. Power is transferred from
the battery to the DC-Microgrid and from the DC-microgrid
to the battery using a bi-directional DC/DC converter. The
DC-Bus is linked to the AC-Bus via a DC to AC converter.
The solar system provides electricity to charge the batteries if
there is solar energy available and the charging station's load
is kept to a minimum. Net metering is used to feed excess
energy into the grid. The batteries attempt to power the
charging station in the absence of sunlight, particularly at
night. If not, the main grid provides electricity to system.

. MODELLING AND DESIGN OF DC-DC
POSLL CONVERTER
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Fig 2 Circuit Diagram of POSLLC

PV systems' intermittent nature makes it very difficult
to track their maximum power. For measuring the maximum
power from a PV system, conventional converters such as
buck, boost, and buck-boost are completely useless in
inclement weather. We addressed the drawbacks of
conventional converters by utilizing a popular and very
effective POSLL converter [18]. To model and develop the
proposed POSLLC, the state space averaging approach is
used. The suggested converter is built with two inductors and
three capacitors, as seen in figure 2. The load and the output
capacitor are connected in parallel. When the power demand
is low, the output capacitor is charged; when the need is high,
it is discharged and supplies power to the load. The voltage
across the output capacitor equals the load voltage. The load
resistance has a direct relationship with the voltage transfer
gain (Vrg).
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» Modes of Operation
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Fig 3 Operational Modes of POSLLC.

This section provides an explanation of the operational
modes represented in figure3. When the switch is turned ON,
mode 1 starts, the PV source current flows through the

inductor (L), inductor (L), and Capacitor (C) which is

Iy, =I;1 + I;5 + Icp. Energy from the PV source is
absorbed by the inductor. Meanwhile, energy is absorbed by

inductor Lo from source and capacitor ;. The inductor
currents are raised and the capacitor C, is charged to
Veo = Vi, Mode 2 begins when the switch is off, meaning
that no source enters the circuit with I;,, = 0. Capacitor C;
is charged by current passing via diode D, and capacitor C.
The output circuit is where the current I;, flows. The
capacitor is continually discharged through the free-wheeling
diode D,. Both currents are reduced in this mode. The
following equation shows the average output voltage of DC.

Y —Lvin 5)
° 1-d

The average DC input current is expressed from below,

d
I in = m I o (6)
The transfer voltage gain is articulated from below,
d
V., =——— 7
Tg 1— d ( )
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V. IMPLEMENTATION OF PROPOSED
AGOA APPROACH

This section offers a novel control method for the MG
connected system's optimal solar energy consumption. In this
study, the proposed control method is implemented using the
adaptive grasshopper optimisation algorithm (AGOA). In this
research, we apply the AGOA algorithm to construct the
optimal dataset of the control signal for the offline method
based on the power variation between the source and load
sides. Crossover and mutation have changed the
grasshopper's hunting habits. For the online route, the AGOA
forecasts the optimal signal in a reduced execution time. A
comprehensive description of the suggested method is given
in the section that follows.

> Procedural Steps of AGOA for Getting Optimal Control
Signal

The AGOA is a conceptual method for solving
optimization problems that mathematically models and
replicates the behaviour of grasshoppers in nature [24]. The
grasshopper's searching behaviour is altered here by
employing efficient neighbourhood search methods such as
crossover and mutation.  The algorithm's step-by-step
approach for building an optimal dataset is as follows.

e Step 1: Initialization

The input proportional and integral gain parameters,
such as Kp and Ki, are randomly generated during the
initialization process and are as follows.

e Step 2: Generation at Random

The random behavior of gain parameters is generated
based on the start-up step. The following equation yields the
random solutions.

niln
kit KRR} kdk;

7 = | KBRS KK K2k ©)
S S S kg

The gain parameters are kp and ki, respectively.

e Step 3: Objective Function

The position of the grasshoppers is used to assess the
population's fitness. The required objective function can be
found in the equation below:

U=min {e (t) (10)

Where “U” is the objective function, “e” error signal, “t”
time period of signal
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Fig 4 Flowchart of AGOA Algorithm

e Step 4: Upgraded Position

Following each individual's fithess computation, the
best optimal solution is updated based on the value of the
Objective function.

e Step 5: Crossover and Mutation

The crossover is established between the two
individuals, and the individuals are mutated randomly based
on the provided fitness function during the mutation process.
The crossover and mutation are calculated in the following
way [25, 26].

o
Crossover =—2¢
dC

Mutation = Fge
dC
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where is the “@ . gene crossover number and is the

“d” distance of the individual grasshoppers, “Bg.” is the

mutation point. Find the fitness and check the objective
function using the updated movement.

e Step 6: Termination

Examine the condition for stopping. If it is not
satisfied, proceed to step 3; otherwise, end the search.
Finally, these are the most recent optimal solutions: After the
algorithms above stages are done, the system may choose the
best HRES use based on the best gain settings and the least
amount of error.

V. MATLAB/SIMULINK MODEL OUTCOMES
AND ANALYSIS

This section illustrates the power flow management in
each segment of the grid-connected PV-based EV charging
station linked to the DC-DC POSLL converter. The
MATLAB/Simulink environment is used to implement the
AGOA control system model. For the best power
management in this application, a precise control signal is
generated by the AGOA controller. The system is analyzed
under a variety of control schemes, and the efficiency of the
suggested system with the AGOA control scheme is
evaluated based on system output.
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Fig 5 Changing of PV Irradiance with Respect to Time

Figure 5 represents a grid-connected PV system with a
POSLL converter operated at a changing solar irradiance and
constant load condition. This will be investigated when the
solar irradiation is changed while the load taken remains
constant for analyzing the system in deep. Here one sunny
day taken as one second. When the day is starting the solar
irradiance will be 0 W/m? it is increased to 1000 W/m? later
on it will be reduced to zero.
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Fig 6 Comparison of Powers Under Case-1 (a) PV Power (b) Grid Power (c) Load Power

Figure 6 demonstrates the comparison of the converter
and load power using a proposed controller designed by
approaching the AGOA technique with the other existing
techniques like GWO, FFA under casel. Figure 6(a)
represents the comparison of PV Converter power. The
system with FFA approach has produced the maximum
power of 3370 W at solar irradiance is 1000 W/m?. The
system with GWO approach has produced the maximum
power of 3380 W at solar irradiance is 1000 W/m?. The
system with proposed AGOA technique has produced the
maximum power of 3450 W at solar irradiance is 1000 W/m?2.
In this observation, the output power of the proposed system
with proposed AGOA controller is high means proposed
system tracked high power than other existing controllers.
Figure 6(b) represents a comparison of power drawn from the

utility grid with existing and proposed controllers. In this
observation system with proposed AGOA controller drawn
low power from the grid than other systems with existing
controller. Figure 6(c) represents a comparison of load power
with existing and proposed approaches. The system with FFA
approach has produced the maximum power of 3050 W. The
system with GWO approach has produced the maximum
power of 3100 W. The system with proposed AGOA
technique has produced the maximum power 3160 W at solar
irradiance is 1000 W/m?2. the utilizing power with the
proposed approach is high compared with other existing
approaches. In this observed that power available at load,
utilization of power in a system with the proposed AGOA
approach is higher than other existing methods.
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Fig 7 Convergence Characteristics Using Proposed and the Existing Control Techniques
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The convergence characteristics of the control methods
utilized in this model for system optimality are shown in
Figure 6. Plot 12 compares the efficacy and convergence
properties of the proposed AGOA control approach with
those of GWO and FFA. We deduced from this plot that the
AGOA control approach is superior to the other two
strategies and converged earlier. The fitness values for the
AGOA, GWO, and FFA are 0.7671, 0.8011, and 0.8382
respectively.

VI. CONCLUSION

This work modelled and designed grid-connected solar
PV system for the purpose of optimal switching to the
converters to achieve optimal power management in the
system. An efficient controller is designed with an effective
control method, the adaptive grasshopper optimization
algorithm (AGOA). The proposed controller achieves robust
and optimal power utilisation at the terminal of the system by
delivering accurate control signals for the optimal switching
of converters. The recommended model is executed on the
MATLAB/Simulink working platform, and the efficiency of
the system is examined based on the existing methods. In
terms of both accuracy and execution time, the AGOA has
proven to be a very competitive and promising control
approach for optimizing the recommended power system
model. While the GWO control approach is competitive, it
has a long execution time. The accuracy scores of the FFA
control approach were not very good in some of the test
functions. This system model was put to the test in two
scenarios: PV irradiance fluctuation at constant load and load
variation at constant PV irradiance. The AGOA control
approach increased the system model's responsiveness during
load in both cases. The proposed model's simulation results
show that system efficiency has improved. As a consequence,
the suggested strategy for energy management is effective
and efficient.
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