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The power quality analysis aims to identify electricity consumers to enhance
quality using power converters. The study examines the interactions between
loads, power networks, and various power quality enhancement technologies.
In particular, modern controllers are used in a unified structure to build a novel
DC-DC converter for renewable hybrid power generation. Also, the modified
DC-DC converter requires efficient power management and a balanced
supply-demand system. This work focuses on creating a multi-port power
electronic converter that can be used to integrate numerous renewable energy
sources with varying source and load characteristics. When surplus energy is
available in photovoltaics, the proposed converter may conduct maximum
power point tracking control for the system and regulate the charging and
discharging of the battery. Therefore, the modified converter should reduce the
static level error and maximum overshoot. This paper proposed a multi-port
converter that ensures high energy efficiency. Moreover, the proposed circuit
driven by the predictive energy amendment algorithm ensures superior energy
harvesting from different ports while maintaining high power, transfer efficiency
and reliability. The dynamically generated duty cycles avoid cross-regulation
and regulate the various port voltages irrespective of the environmental
conditions. The impact of fluctuation can be significantly reduced by
combining renewable energy sources with the statistical capacity to
counteract each other, enhancing the system’s overall reliability and utility.
Furthermore, the proposed converter has the potential to lower system cost
and size owing to reducing switch counts while increasing efficiency and
reliability. The MATLAB/SIMULINK environment examined and evaluated the
proposed architecture and control technique, proven the feasibility and its
superior characteristics demonstrates the steady-state error of 0.284%, total
harmonics distortion of about 0.13%, and system efficiency of 96.2%. Moreover,
the numerical results proven that the proposed controller efficiency is 6.88%
greater than that of conventional PID controller.
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1 Introduction

An increased amount of distributed renewable energy
systems (REs), such as solar and wind, is expected to be
integrated into power systems to meet growing energy
demand. It is essential to save fossil fuel resources to meet
demand. As a result, existing electricity in the grid can be
transferred from a traditional single source to a radial
network structure multi-source, mesh network power
generation. Nevertheless, as the demand for Reese’s high
penetration rate increases, many technical problems remain to
overcome. One of them is to rely on large amounts of energy to
save existing technologies. The instantaneous power system
maintains balance and affects the power grid to minimize
causes of intermittent REs output. This work describes a novel
and flexible interconnect architecture using a micro-network.
The basic structure and analysis of the newly proposed MPC are
introduced here. This converter has two input ports to absorb
two input renewable energy sources, which can be connected to
the load independently and simultaneously, a two-way port for
controlling storage and backup power, and a fully controlled
output port.

PV panels depend heavily on solar irradiation (varies greatly
depending on geographical location). However, they have several
advantages, including low maintenance and a long lifetime. DC-
DC boost converters are used to increase this variable in various
applications where the PV output voltage is insufficient,
improving overall system efficiency. The voltage is increased
by switching electric circuits, indicating that the duty cycle affects
the end-user voltage. A controller provides a Pulse Width
Modulation (PWM) generator that can regulate the switching
signal, implying that a suitable control rule can improve the
switching signal’s performance.

The control method becomes difficult because activating one
Bi-directional switch to output a specific voltage changes the
the speed,
performance, and lower cost of control devices in recent years

input current situation. However, increased
have made it possible to implement even the most complex
control quickly. In the traditional control approach for a
converter, the pulse pattern for each bi-directional switch is
derived directly from the condition for achieving the required
AC output voltage and the situation in which the input current
becomes a sinusoidal wave. The control strategy is unique
because it can output a wide range of pulse patterns.
However, controlling the input current is difficult because the
pulse pattern is determined immediately.

A high-efficiency Zero Voltage Switching (ZVS) based multi-
input converter used the current-source type for input power

sources. Depending on the designed Pulse Width Modulation
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(PWM) signals and series-connected input circuits, this method
reduces the conduction loss of switches in the dual-power-supply
state. An auxiliary circuit with a small inductor operating in the
Discontinuous Conduction Mode (DCM) was used to turn on
the switches ZVS. The large reverse-recovery current of the
output diode can be removed using an auxiliary inductor.

The functional block diagram for the multiple input single
output (MISO) topology block designs is shown in Figure 1. The
predictive energy amendment algorithm (PEAA) has been
performed. Although each has distinct characteristics, no one
satisfies all the robust, reliable, and economically competitive
criteria. As a result, a flexible and intelligent energy management
strategy must be developed to maintain the energy balance and
stability of the power system’s functioning while reducing
reliance on large-scale energy storage units for the time being.
Research on intelligent, multipurpose energy converters and
energy routers (ERs) has expanded due to technological
advancements in the power electronics and communications
industries. Power routers have the potential to be “energy
sources” because of their adjustable power flow regulation and
wide-area communication capabilities. 1) work, intelligent power
interface that promotes effective energy management inside the
microgrid by allowing flexible, adaptable, and bidirectional
energy flow between the microgrid and the various ports. 2)
improving the system’s efficiency, reliability, and economy, as
well as 3) enabling real-time data collection from a wide range of
equipment (including RES, electrical equipment, and loads) and
providing wide-area data collection of these data from the main
grid control center to the microgrid or load forecast operation for
status monitoring and troubleshooting. The energy router is the
logical option for establishing a flexible and comprehensive
energy management strategy with these features.

The integration of microgrids in a unique and flexible
interconnect framework is described in this paper. The basic

it
|

DC-DC
— converter
$ (MISO)
—

FIGURE 1
Multiple Input Single Output (MISO) topology block diagrams.
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structure and analysis of the proposed MPC are discussed
inSection 3. This converter features two input ports for
availing renewable energy sources, each of which may be
switched on independently and concurrently at the load, a
two-way port for managing storage and backup power
supplies, and a fully controlled output port.

2 Literature survey

In order to create the renewable energy-based multi-port
system for stability in the proposed system, it is critical to identify
the limitations of the conventional methodologies listed below.

The main objective of a general configuration is based on a
hybrid AC/DC multi-port and multi-function (MPMF-PET)
and MPMEF-PET mathematics
modeling (Yang et al, 2019). The process of boosting the

grid, equivalent circuits
power in the grid system consists of two compensation stages.
Several interleaved Boost converters have been proposed based
on the low ripple of interleaved structures for high power
applications (Xu R. et al, 2019). On the other hand, the
voltage gain was insufficient for low-voltage renewable energy
generation systems. The voltage gain is improved using
this the
converter’s volume, lowering its power density and efficiency

transformer  technology. However, increases
and Interphase Coupling was used in this study (Tu et al., 2018).
However, this resulted in hysteresis and ripples of current loss,
lowering the converter’s efficiency. Furthermore, the leakage
inductance can easily cause voltage spikes across the switches,
necessitating voltage clamping techniques to keep the voltage
stresses on the switches to a minimum (Shao et al,, 2019). By
using neural network back propagation approach (Sankarananth
and Sivaraman, 2022) developed a multi port DC-DC converter
with various operating modes like single input single output, dual
input single output, single input dual output system, describes
higher performance and fast dynamic response.

Soft-switching converters are used to reduce switching losses
and, as a result, improve efficiency. However, it has a limitation: a
rise in voltage across the switch during resonance (Rouhani and
Kish, 2020). The multi-input-based converter has a higher
efficiency than a traditional interleaved boost converter—the
use of coupled inductors to boost each cell’s ripple current.
Based on the output characteristic plot of each cell, a positive
coupling coefficient will only produce the desired result
(Elrayyah, 2019; Ren et al,, 2019). Peak current-mode control
is a control method used in Pulse Width Modulated (PWM) DC-
DC converters because of its quick response, precision, and
overburden protection (Samith and Rashmi, 2016), (Guo
et al., 2015).

A Dual Active Bridge (DAB) converter is used in the first
stage of the process to reduce current sharing errors in the DC
system; in the second stage, the Zero sequence Voltage vector is
used in the cascaded H-bridge-based grid interconnected with a
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hybrid AC/DC multi-port system for power flow stabilization
(Liu and Liu, 2019; Xu
electronic transformer
hybridization of AC and DC multi-stage and varied
distributed Due to AC/DC,
conversion power grid and loads may be efficiently integrated

W. et al, 2019). A multi-port power
is employed to perform high-rate
renewable energy sources.
using energy storage systems. The system analyses and simulates
the dependability and functioning of the AC/DC hybrid power
system in detail, and power reliability calculations are done (Shao
et al.,, 2019).

However, Closed-loop control, which can be implemented
using various control techniques, is required for the apparatus to
maintain a constant output voltage even when the load and
source change. It is also required for better gate switching.
Interleaving is a technique for reducing input current ripple
that also impacts the converter’s efficiency (Barrera-Cardenas,
Mo and Guidi, 2019), (Shojaie and Mohammed, 2018).

A more efficient converter operation is achieved by selecting
the correct number of phases and switching frequency. Several
factors influence the outcome, including cost, weight, volume,
switch conduction losses, inductor volume index, input current,
and voltage ripples (Petino, Ruffing and Schnettler, 2017; Zheng
et al, 2019). The unregulated DC input is converted into a
controlled DC output at the desired voltage level using an
interleaved boost converter. In recent years, converter
topologies for high-power applications have gotten much
attention (Ahmed, Eltantawy and Salama, 2018; Zhu et al., 2019).

Li et al. (2022) proposed a reconfigurable and scalable based
multiport converter that arrest cross regulation effects. Also, flexi
power flow control on both bi-directional and uni-directional
power flow achieved and independent control among ports with
switchable configuration among SISO, MISO and MIMO.

The proposal is for a Serial Input and Parallel Output model
that can operate in both buck and boost modes. Power switches
and a linked inductor with an equal number of turns in both
primary and secondary windings make up the suggested
converter. Zero-voltage switching can turn on power switches,
reducing switching loss and significantly improving conversion
efficiency (Jabbari and Dorcheh, 2018). The linked inductor
operates in parallel charge and series discharge mode in boost
mode. The power flow is reversed in buck mode. The linked
inductor was used in parallel charge parallel discharges in this
case. Compared to a standard converter, this converter has higher
gain values in both the forward and reverse power flow (Faraji,
2018; Wang et al., 2018).

However, increased leakage current and current stress are
significant disadvantages, and designing a circuit with few
switching devices and a capacitor is difficult (Kardan,
Alizadeh 2017),
Gharehpetian, Furthermore,

and Banaei, Hosseini  and
2014).

currents are difficult to manage, significant copper losses

(Danyali,

because armature

occur on the low-voltage side, and all energy is transmitted
from the large fundamental, reversible DC-DC converters with
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FIGURE 2
Proposed Multi-port converter using Predictive Energy Amendment Algorithm.
converter constructions that are not appropriate for use in
sources of power with broad supply voltages (Mendola et al., A s 0+

2019). In this method, a high-efficiency bidirectional converter,
the number of components must be kept to a minimum, and
optimum transformer performance must be ensured. This
report explains a bidirectional converter with a linked
inductor that only requires three switches to provide high
step-up and step-down (Zhang et al., 2018; Sitharthan et al.,
2022).

A double-pulse test was used to describe the defection, and an
adaptive dead-band control was used to explain better the
optimal dead-band and its primary affecting elements (Faraji,
Farzanehfard and Kampitsis, 2020). High-frequency standalone
unidirectional DC-DC converter with a voltage output range:
control techniques Provides practical techniques and mindsets
for developing innovative architectures and control for
standalone unidirectional DC-DC converters with an extensive
voltage range (Behjati and Davoudi, 2012). Improves the
performance of isolated unidirectional DC-DC converters with
a voltage output range by introducing new topology and control
techniques (Xioa et al., 2017; Madhana and Mani, 2022).

The major findings and features of the proposed system are
as listed below.

« An intelligent power interface that promotes effective
energy management inside the microgrid by allowing
flexible, adaptable, and bidirectional energy flow
between the microgrid and the various ports.

o The proposed converter features two input ports for
availing renewable energy sources, each of which may
be switched on independently and concurrently at the
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Design blocks of Distributed generators.

load, a two-way port for managing storage and backup
power supplies, and a fully controlled output port.

o To improve the system’s efficiency, reliability, and
economy.

o To enable real-time data collection from a wide range of
equipment (including RES, electrical equipment, and
loads) and providing wide-area data collection of these

frontiersin.org


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2022.1000242

Madhana and Mani

data from the main grid control center to the microgrid or
load forecast operation for status monitoring and
troubleshooting.

This paper has been proposed a novel PEAA algorithm for
superior energy management control among various ports in the
MPC with the objective of improving systems efficiency and
quality such as THD and speed up the steady state response of the
system.

3 Proposed system

Figure 2 depicts a multi-port DC-DC power converter with
the power inverter as part of a multi-source, grid-connected, two-
stage hybrid renewable energy system. The DC-DC converter
links several sources to multiple input ports, such as Photovoltaic
(PV) modules and battery-based energy management. The multi-
port DC-DC power converter may perform PEAA control
functions for various renewable sources, such as tracking the
Maximum Power Point (MPPT) and converting the source’s DC
output to the regulated DC voltage necessary for the inverter
input. Figure 3 demonstrates the modeling of distributed energy
sources in the MATLAB/SIMULINK environment.

Power transmission from renewable sources to other power
sources must be carefully managed if sustainability and power
quality issues are to be resolved. As a result, a system has been
conceived to avoid power interruptions and overvoltage and
Undervoltage activities so that grid power can function
correctly. The power management system is automated and
efficiently optimized using a multi-port converter using the
Predictive Energy Amendment Algorithm (PEAA). Finally, the
inverter for the grid-connected application is given the stabilized
DC outage.

3.1 Solar power generation

The SPV system comprises many solar cells coupled in series
and parallel to generate voltage. An SPV frame often provides a
non-linear voltage. The silicon PV cells are used to create energy
from the absorption of solar rays. Each SPV cell’s output is
produced from solar radiation and varies regularly. The
equivalent circuit is shown below.

3.1.1 Equivalent circuit model of photovoltaic
panel

Figure 3A shows an equivalent circuit model of the solar
module based on the single diode model proposed. This PV
model is employed for all applications because its structure is
simple and more dependable than other multi-diode models. The
PV module designed using the equivalent circuit must satisfy the
real-time characteristics of a realistic PV panel, such as open-
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circuit voltage, short circuit current, maximum voltage, and
power rating.

sl

In the above equation, the solar array’s current and voltage

1

are represented by Ipy and Vpy. In contrast, the photovoltaic
array’s short-circuit current and Iph and I0 represent current
concentration. The Coulomb constant (g) (1.602 x 107)and
Boltzmann constant (k) (1.38 x 10-2*J/K)are used to calculating
the difference in photovoltaic current (I PV).

An MPPT is often used in modeling and a standalone
application to gather the most incredible power from a given
solar array. In Equation 2_, VMPP stands for nominal voltage
and current, and I ypp is carried out using the following MPPT
algorithm:

Ve

el ol

The MPPT voltage of a PV panel is acquired using this

@

approach by monitoring the panel’s open-circuit voltage and
short circuit current and feeding it into the controller. The MPP
voltage and currents are always a constant and maybe a fraction
of the open-circuit voltage and short-circuit current in this
approach. The constant K; and K, is determined by the
method used to fabricate a PV panel and the ambient
circumstances.

3)
4

Vmpp =K #Ve

Impp = KZ >X<Isc

A stable solar power generating system is based on a DC-DC
converter and an MPPT-based control technique.

3.2 Wind power generation

Wind energy is critical to developing a low-carbon economy
that is ecologically sustainable. This project examines the
development of wind energy technology for wind energy
applications. Special attention has been committed to their
involvement in this analysis’s design, control, and theoretical
operational issues. The functional block diagram for the wind
energy generating and distribution system is shown in Figure 3B.

In the wind power system, the kinetic energy of the wind flow
system will be utilized to create electricity. The mathematical
analysis based on wind power generation is shown in the
equations below.

The wind movement of air (M) is the mass flow rate of the
wind blowing across the area (A) is represented by the velocity V
(m/s).

M = pAV (5)
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FIGURE 4
Proposed isolated, three-port, bidirectional DC-DC converter.

As a result, the energy acquired by moving kinetic energy or
wind per second equals the energy gained by moving kinetic
energy or wind per second.

(6)

Pyina = Emvz
The equation replaces the wind’s power with the mass flow
rate.

1
Pying = E PAV3 (7)
The equation below gives the most accurate wind energy
density estimate.

1 1 S
p= EA;ZFl(PjV ]) (8)

N is the number of wind speed readings, and p; and V; are the
air’s density and the wind’s speed.

3.3 Proposed Multiport bidirectional
DC-DC converter

Figure 4 shows the proposed isolated three-port Bi-directional
Converter (BDC). A Low Voltage Side (LVS) circuit and a High
Voltage Side (HVS) circuit are connected by a high-frequency
transformer with the center tap on the secondary side. A PV
system is linked to a unidirectional port (Port 1), while a battery in
the LVS circuit is connected to a bidirectional port (Port 2). The
transformer’s secondary winding is connected to switches Q3 and
Q4, alow-frequency LC filter, and Port 3, which in the HVS circuit
can be connected to a DC load or a DC microgrid. The power
generated by the PV system linked to Port 1 is controlled by the
main switch among the switches Q1 (P1). The wind system is
connected in (P2), and the current flowing through the
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transformer is in the proper direction. Np and Ns are the
primary and secondary winding turn, respectively, and n = Np/
N is the turn ratio. The capacitances in the circuit are assumed to
be sufficiently large to prevent voltage changes across them during
the switching period to simplify the problem’s solution.

Solar and wind electricity may charge the battery and supply
the load in a DC microgrid since the power transmission between
the LVS, and the HVS is bidirectional. In typical applications, the
converter has two operating modes: 1) boost mode, which flows
from the LVS to the HVS; and 2) buck mode, which power flows
from the HVS to the LVS. Based on the potential directions of the
power flow in the two operating modes, there are four alternative
working scenarios for the proposed converter, as.

State 1: The PV system charges the battery.

State 2: The DC microgrid receives the energy generated by
the PV system.

State 3: The battery is exhausted to power the DC microgrid.
State 4: the battery is charged by DC microgrid power.

The states 1, 2, and 3 are in boost mode, whereas state four is
in buck mode. The converter’s working mode does not affect the
battery’s power management; the battery can be charged or
discharged in either boost or buck mode. As a result, the
buck-boost converter in Port 2 (see Figure 4) performs poorly
compared to Port 1. The following two subsections examine Port
I’s interactions with the HVS in two separate modes.

3.3.1 Boost mode operation

In this mode, the Q1 and Q2 are active, while the switches
Q3, Q4, and internal diodes on the HVS form a rectifier. The
converter has two operational phases, depending on the status of
the switch QIl. The equivalent circuits and steady-state
of the two
(excluding Port 2) are illustrated in Figure 5A,B, respectively.

waveforms converter’s operational  stages
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FIGURE 5
The proposed converter's study in stage-1 operation.

Stage 1: When Q1 and Q2 are active, t (t1, t2). Figure 5A shows
the equivalent circuit at this step, with the inductor L1 storing energy
and the capacitor Cs discharging through the transformer and
switching Q1 and Q2. The voltage across the primary side of the
transformer, VP, is negative, causing the internal diode of the HVS
switch Q4 to conduct. The HVS receives the energy stored in the
capacitor Cs via the internal diode of the switch Q4.

Stage 2: When QI and Q2 are switched off, t (t1, t2). The
energy stored in L1 during Step 1 is delivered to the HVS through
the transformer during this stage, simultaneously charging the
capacitor Cs. The current flows from switch Q4’s internal diode
to switch Q3 through the HVS.
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The proposed converter’s steady-state waveforms in boost
mode (without Port 2). The differential equations are the same as
in (10) in both stages.

3.3.2 Buck mode operation

When switch Q1 is disabled in this mode, switches D1 and
D2 are active and transport power from the HVS to the LVS.
Figures 5A,B,C show the converter’s steady-state waveforms and
identical circuits (without Port 2) for four distinct operation
stages. The gate signals of switches Q3 and Q4 (Q3#* and Q4*,
respectively) complement one another to avoid commutation, as
illustrated in Figure 7B.
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Stage 1: t (t1, t2) (see Figure 7), when Q3 is turned off and Q4 is
turned on (Q3* = 0 and Q4* = 1). In this level, the corresponding
circuit is shown in Figure 5C. When S$4 is turned on, the voltage on
the transformer’s secondary side, vs, is positive; when S is turned
on, the internal diode of the switch Q1 and Q2 is turned on, and VP
is clamped to VCs. The current IP is moving positively. The HVS
sends energy to the LVS, stored in capacitor Cs. The stored energy
will be used to charge the battery using the buck-boost circuit linked
to Port 2, as shown in Figure 5C.

Stage 2: t (t2, t3), when Q3 and Q4 are disabled (Q4* = 0 and
Q4* =0). Figure 6A shows the corresponding circuit in this stage.
The current via the inductor L, ig., charges the parasitic capacitor
of the switch Q4, and the equation follows.

Vds4 +2- Vs = VdsS (9)

V_(ds 3) and V_(ds 4) represent the voltages across the
switches Q3 and Q4, respectively, and vs. represents the voltage
across the transformer’s secondary side. Because vs. is a constant
value, i.e., V_s = vcs/n, if vds4 increases, vds3 decreases, as seen in
1). Specifically, when V_(ds 4) = —2vs, V_(ds 3) = 0, which gives
the switch S3 the ZVS condition.
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Assume that the switch Q4’s parasitic capacitor is fully
charged within time t and has a peak voltage of 2vcs/n.

ac () - At/2

= 10
COSS 2VCS / n ( )

Where C_oss is the switch Q4’s parasitic capacitance. Based on
the At can be determined as;

_ 4 Coss * Vs

At =—2> < 11
‘ n'idc(tZ) ( )

If the ZVS of the switch Q3 is less than the time length of this
stage, especially if it is less than the time length of this stage, it can be
achieved. Inequality 4) reveals that for the switch Q3 to accomplish
the ZVS, a more significant current via the inductor L is preferable.

4 Coss Vs

n-ig () (12)

<t; -t
Stage 3: t (13, t4), when Q3 is active and Q4 is inactive (Q3* =
1 and Q4* = 0). Figure 6B shows the corresponding circuit in this
stage. When Q3 conducts, the transformer’s volt-second balance
is maintained, resulting in VP = VCs. There is no power
transmission between the HVS and the LVS since IP = 0.
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FIGURE 7

The proposed converter's study in buck mode in stage 3 and 4 without port-2.

Stage 4: t (t4, t5), when Q3 and Q4 are both turned off (Q3* =
0 and Q4* = 0). In this level, the corresponding circuit is
represented in Figure 7A. The ZVS of the switch Q4 can be
done similarly to the analysis in Stage 2. Stage 4 changes to Stage
1 when the switch Q4 is turned on at time t5.

3.4 Voltage source inverter

The circuit diagram for a bridge-type voltage source inverter
with a three-phase connection and square wave pole voltages is
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shown in Figure 7C. The 3-phase balanced load causes it to feed
as an inverter output. This inverter power circuit comprises three
with  their
connected to the same DC bus. This bridge circuit’s pole

single-segment semi-bridge inverters circuits
voltages are the same as the square voltage output by a single-
phase half-bridge or full-bridge circuit. The three-pole voltage of
a 3-phase square wave inverter is commonly changed by one-
third of the output periods.

The six variations simulated on a release cycle six indicate the
conducting switches. They are (S5, S6, and S1) (S6, S1, S2), (S1,

S2, S3), (S2, S3, $4), (S3, $4, S5), (S6, S1, S2), (S1, S2, S3), (S2, S3,

frontiersin.org


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2022.1000242

Madhana and Mani

TABLE 1 Switching sequence.

Switching sequence Load line
S1 S2 S3 S4 S5 S6 Voltage

1 0 0 0 0 1 +Vad/2

1 1 0 0 0 0 +Vad/2

0 1 1 0 0 0 0

0 0 1 1 0 0 Va2

0 0 0 1 1 0 Va2

0 0 0 0 1 1 0

S4), and (S3, S4, S5) (S4, S5, S6) as in Table 1. The essential
components of the three output line voltages are balanced;
therefore, such linked switches will generate a sequence of
sequences in a 600-point display of A, B, and C. The
wavelengths of load side-phase voltages are entirely different
from the polar voltage wavelengths that will be dealt with in the
following behavior.

As with the single-phase square wave inverter, the switches in
each leg of the three-phase inverter are discovered to operate in a
complementary way. When an upper switch is set to the low
position, the voltage and fluctuation of the entire DC bus will be
affected. When it comes to DC bus voltage, the switches must be
examined to avoid power, and it seems that each inverter switch
carries the load-phase current for half of the current cycle. As a
result, the switches must be able to instantly resist the amount of
load-phase current. When the diode is connected anti-parallel to
the switch, a non-unity power factor load is distributed.

3.5 Predictive energy amendment
algorithm

The steps necessary to build a Grid-tied Renewable Energy
Stability System. The technique approach proposed here, the
Predictive Energy Amendment Algorithm (PEAA), is logical, and
a step-by-step procedure is provided below.

Step 1: Initialization of devices.

Step 2: Initially, Source power is in ON condition.

Step 3: Devices are run with DC power.

Step 4: The Predictive Energy Amendment Algorithm (PEAA)
controller is programmed to monitor solar and grid
power.

Step 5: If the solar power is varied below the threshold, the
Predictive Energy Amendment Algorithm (PEAA)
regulates the PWM control signal to the Full bridge
converter until (9l,,/0Vyy) + (Ipy/vpy) = 0 is satisfied.

Step 7:In a PEAA controller, the stored energy is always
compared with pre-setting levels.

Step 8: The stabilized power is given to the inverter.
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FIGURE 8
Three Phase Inverter Circuit.

Where, V = source voltage, Pi = input power, Vo = output
voltage, Cp = control power.

Step 9: calculate the d-axis and q-axis components of the voltage
of the grid system.

d;

Vg = Ld—S—wLiq + Ve, (13)
diq .

Vq = La - (,Ole + ng, (14)

Step 10: Comparison between terminal (V,,Vb,V,).voltages

measured based on control and reference
voltageV ey andV g .

Step 11: The control of Predictive Energy Amendment
Algorithm (PEAA) reference optimized voltages are
computed from the various load and source voltage.

Step 12: This three-phase injected reference voltage is supplied
to the PWM voltage controller.

Step 13: The average value of this function and the filter output
depends on the positive line’s actual power consumption.

Step 14: Stop.

4 Result and Discussion

The MATLAB Simulink software used the environment to
create the suggested Predictive Energy Amendment Algorithm
(PEAA) Strategy-based Hybrid Multi port converters. Figure 8
shows the simulation model in detail. A Power Predictive Energy
Amendment Algorithm (PEAA) will be required to balance the
power while maintaining the DC voltage in this simulation,
primarily when the system works under various situations.

In this simulation model, Hybrid Multi port DC-DC
converters indicate the diverse power generating models
named Wind power and solar power with battery-based
energy management, as shown in the above diagram.
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Figure 9 shows the solar Voltage waveform of the proposed
model from their presentation of the solar generation has been a
distortion in the output voltage; the generated voltage will be
stabilized with fewer ripple ratios by using the proposed DC-DC
converter with the Predictive Energy Amendment Algorithm
(PEAA) control strategy.

As seen in Figure 9, the actual wind power generation
varies in the output waveform. The grid and load stability
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operations could not be transferred into the grid system
because of the grid.

Figure 10 depicts two different waveforms of the wind
generation system: (I) the rectified output voltage of the wind
generation, which stabilizes the winding voltage in the DC system;
and (II) the proposed DC-DC converter with the Predictive Energy
Amendment Algorithm (PEAA) control system, which will
stabilize the rectified output voltage of the winding voltage.
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THD analysis.

(60Hz) = 620.6 , THD= 0.13%

TABLE 2 Performance analysis of the Hybrid multi-port converter system.

Methods Steady-state error (%) THD (%)
PID 0.594 6.9
APFC 0.326 228
PEAA 0.284 0.13

The energy management process begins with the batter
system, which is charging during the power generation of
renewable energy resources. If there is energy uncertainty, the
battery power is delivered to stabilize the power, and this process
is applied to the charging state of the battery shown in Figure 9.

The generated power will be transformed into a DC-AC
process, and the suggested Predictive Energy Amendment
Algorithm (PEAA) method will give the stabilized output of
both voltage and current for the grid-tie system of both AC and
DC, as shown in Figure 10.

Figure 11 shows the THD analysis of the proposed Hybrid
Multiport Converter model utilizing the Predictive Energy
Amendment Algorithm (PEAA) management technique,
which results in a THD Ratio of 0.13%.

Table 2 shows the performance of the hybrid multi-port
converter system based on the parameters of execution time
(sec), steady-state error (%), THD (percent), and efficiency in
(%); based on the comparison of all those parameters, the
proposed Predictive Energy Amendment Algorithm (PEAA)
control strategy produces an efficient result when compared to
other conventional methods such as Proportional Integral
Derivative (PID) and Assimilate Power Flow Control (APFC).
Moreover, Table 2 clearly shows that PEAA efficiency is 2.34%
higher than APFC and 6.88% greater than conventional PID
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FIGURE 12
Comparative analysis.

controller with less THD and faster response of about 0.231 s
which proves its superiority characteristics.

Figure 12 shows a comparison of the hybrid multi-port
converter system; based on the execution time of 0.231s,
steady-state inaccuracy of 0.284%, and THD of 0.13%, the
suggested Predictive Energy Amendment Algorithm (PEAA)
generated a superior result than the conventional techniques.
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Efficiency analysis.

Figure 13 illustrates the efficiency analysis of the proposed
system, demonstrating that the suggested Predictive Energy
Algorithm  (PEAA)
outperforms previous techniques.

Amendment control  approach

5 Conclusion

For an efficient energy management system in the
innovative grid application, this paper proposed a Predictive
Energy Amendment Algorithm (PEAA) control technique in
the hybrid multi-port converter system. The simulation is based
on the simulated hybrid multi-port grid system’s dynamic
model. This model may be used to learn how to keep the
multi-power generation’s parameters under control using
battery-based energy management. The suggested intelligent
energy management system shows the minimum operating
expenses and the environmental effect of microgrids while
considerably enhancing the power generating system’s
economic and efficiency. During the Hybrid multi-port
the suggested PEAA

guarantees power management between renewable energy

converter’s  operation, control

generation, energy storage, and load. Analogized to

traditional approaches, the simulation results demonstrate
that the controller performs well under execution time of
0.231's, steady-state error of 0.284%, and THD of 0.13%,
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