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Abstract. The increasing demand for electricity and global attention to the environment has led energy planners and developers to explore
developing control techniques for energy stability. The primary objective function of this research in an interconnected electrical power sys-
tem to increase the stability of the system with the proposed RRVR technique is evaluated in terms of the different constraints like THD (%),
steady-state error (%), settling time (s), overshoot (%), efficiency (%) and to maintain the frequency at a predetermined value, and controlling
the change of the power flow of control between the areas renewable energy generation (solar, wind, and fuel cell with battery management
system) based intelligent grid system. To provide high-quality, reliable and stable electrical power, the designed controller should perform
satisfactorily, that is, suppress the deviation of the load frequency. The performance of linear controllers on non-linear power systems has not
yet been found to be effective in overcoming this problem. In this work, a fractional high-order differential feedback controller (FHODFC) is
proposed for the LFC problems in a multi-area power system. The gains of FHODFC are best adjusted by resilience random variance reduction
technique (RRVR) designed to minimize the overall weighted absolute error performance exponential time. Therefore, the controller circuit
automatically adjusts the duty cycle value to obtain a desired constant output voltage value, despite all the grid system’s source voltage and
load output changes. The proposed interconnected multi-generation energy generation topology is established in MATLAB 2017b software.

Key words: multi-source and single-area interconnected power system; LFC; resilience random variance reduction technique.

1. INTRODUCTION

For the power system’s reliable and stable operation, the system
should be maintained at a predetermined frequency value or
adjust the deviation in the load demand and supply is changed
with less time. The total power of the power system is used
to provide steady-state load conditions. Sudden and random
changes in load demand cause sudden and random changes in
load and power generation. This situation leads to changes in
generator speed, which directly affects the frequency of the
system. Therefore, the control system must be zero to solve this
problem by forcing the two mismatches and a tie-line power
system frequency error. The load frequency control maintains
the power flow in a contact line at a predetermined value and
a standard system frequency and interference conditions. This
work proposes a structure of a modification of the fractional
high-order differential feedback controller and two similar
design field generating diverse sources, including solar / wind
and the fuel cell system AGC implementation. The controller’s
parameters are optimized with the so-called resilient random
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variance reduction technology, a recently developed heuristic
technology inspired by nature. The proposed stability has been
tested in three different scenarios in multi-source power units
in two areas.

In this operation, the series compensator real power is
injected into the system while reducing the voltage drop. The
fractional high-order differential feedback controller produces
appropriate feedback to the system and improves the system’s
power quality. In this situation, the minimum actual power is
injected to reach the rated load voltage in the grid system to
maintain the active power operation. All these operations are
performed at the fundamental positive sequence voltage. Based
on the realized resilience random variance reduction technique,
the following parameters are based on the proposed converter
circuit optimization: proper optimization of reduced harmonic
distortion, improved steady-state, and efficiency. Power quality
in electric networks is one of today’s most concerning areas
of the electric power system. The power quality has profound
economic implications for consumers, utilities and electrical
equipment manufacturers. In simpler words, power quality,
electrical boundaries allow a piece of equipment to function
in its intended manner without significant performance loss or
life expectancy. This definition embraces two things that we
demand from an electrical device, namely performance and life
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expectancy. Photovoltaic systems will witness continuous and
will contribute significantly to electricity production for house-
holds and buildings in general. Terrestrial applications of pho-
tovoltaic panels provide auxiliary means of power generation.
Although its penetration is limited because of its high capital
cost and low efficiency, ongoing research is continuously weak-
ening these barriers, increasing the use of PV electrical sources.
Research on distributed electrical resources connected to the
grid is the central issue for installing mega watts of PV farms
and increasing its use. Continuously monitoring these installa-
tions is a very important matter because it gives feedback on
improving the connectivity performance, how to increase the
production and how to optimize control strategies.

Although utilities have made many efforts, some consumers
require a level of PQ higher than the level provided by mod-
ern electric networks. This implies that some measures must
be taken in order to achieve higher levels of power quality. It
is used to define various types of disturbances to the average
power system voltage. Various disturbances such as harmonics,
transients, outages, faults, sags, swells, dips and flickers can
be associated with the power quality. Total harmonic distortion,
or THD, is the summation of all harmonic components of the
voltage or current waveform compared against the fundamental
component of the voltage or current. The result is a percent-
age of harmonic components to the fundamental component of
a signal. The higher the percentage, the more the distortion that
is present on the mains signal. PI controller will not increase
the speed of response. It can be expected since the PI controller
does not have the means to predict what will happen with the
error in the near future. This problem can be solved by intro-
ducing RRVR, which can predict what will happen with the
error shortly and thus decrease the controller’s reaction time
compared with existing controllers, and the system’s efficiency
is improved.

2. LITERATURE SURVEY
Multi-source and multi-area systems must identify the short-
comings of the conventional methods given below to improve
the proposed system’s stability. The LFC is a basic process in
which the power system is interconnected. This system is spe-
cially designed to improve power quality with fewer harmonics
distortions within this range; in this research, high order and
fractional order are developed to suit LFC problems in multi-re-
gion power systems [ 1]. The energy management of a multi-mi-
cro grid (MMG) system is a complex problem: the coordinate
distribution of the individual MG, the power exchange of the
MG, and the generation unit in the power transaction between
the grid and the MG [2]. The main idea of this framework
applies to reality and large power systems. It has been used in
the comparative balance using historical data to provide a new
strategy, the strategic goal of providing support [3-5].
However, in a multi-regional area, the electric power system
is the key to evaluating trade-offs and providing an adequate
supply of the transmission, storage, and synergy RES. In this
work, we propose a new method to quantify renewable energy
sources (RES) and storage capacity credit (CC) multi-area power

systems [6]. A new power system control method has recently
been proposed. To maintain economic operation, combined
economic dispatch (ED) and automatic power generation con-
trol (AGC), when the power generation meets the problems of
both demand and high penetration of renewable energy [7-10].
The above research on the dispatched power flow among the
distributed energy management system (DEMYS) is utilized to
manage the network equivalent data to the transmission sys-
tem concerned [11]. The goal is to diminish the total system
cost in the planning cycle, including investment and operating
costs, maintain the residual value, and withstand the system’s
short-term operation reliability and long-term restraint. The
multi-zone expansion planning problem is broken down into
planning problems and annual reliability sub-problems [12—16].
A coordination droop control strategy can provide a frequency
region through a transmission AC grid integrated wind farm.

However, such a strategy inevitably leads to DC offset
exchanging information transmission frequency region, thereby
deteriorating stability and safety multi-area transmission sys-
tem operation [17]. The data control area’s optimal scheduling
is achieved, including store operations, to achieve congestion
relief. The distributed approach retains the responsibility of the
control area [18-21]. moth flame optimization (MFO) is one of
the latest optimization algorithms used for hydraulic, thermal,
and natural gas hybrid power generating sets; in this article,
it is used to find PID controllers’ best parameters for AGC
system [22—24]. Due to the discontinuity and haphazardness
of sun-powered and wind vitality, it has a dangerous effect on
the grid in the grid-connected mode of operation, and at more
situational conditions, the yield of PV and wind power gener-
ation gives oscillation. The reactive power-sharing has been
formulated and correctly performed to compensate for a voltage
drop of the line. Exacting tracking performance can be attained
by rational tuning the system parameters [25]. The simulations
results of the protections during faults in the grid nodes are
different for each protection system [26]. The parameters are
determined based on the data for steady and transient states
simulations in a power system [27]. In distributed generation
systems, power electronic converters are applied as interfaces
for matching parameters of distributed sources with power lines
and coupling energy storage with power lines [28]. The pro-
posed method gives robust performance against the disturbance
in loading conditions, variation of system parameters. The sim-
ulation outcomes showed a good dynamic performance of the
proposed controller [29]. This article demonstrates multi-area
power systems’ resilient event-triggered load frequency control
under non-ideal network environments to preserve the desired
control performance and improve communication efficiency
[30]. In general, the potential energy futures are a simple func-
tion of the technologies utilized, but they will also be shaped
by the social relations that configure societies [31].

3. PROPOSED SYSTEM

In principle, UPQC is an integrated shunt and a series of active
power filters with a common self-sustaining DC bus. Figure 1
shows the proposed renewable source interconnected with the
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Fig. 1. Proposed block diagram using resilience random variance
reduction technique

UPQC model. The proposed resilience random variance reduc-
tion technique will analyze the source power and load power
and maintain the power stability using the UPQC compensator.
The transmission of power from renewable energy sources to
multiple power sources must use RRVR technology to solve
power quality issues for proper management. Accordingly, the
system is designed to prevent loss of power and over-voltage
and under-voltage operation so that the grid can operate nor-
mally. The power management system is efficiently optimized
using a converter with resilience random variance reduction
technique (RRVR). Finally, the stabilized DC output is given
to the grid converter for the grid-connected application. The
RRVR controller’s benefits will spontaneously adjust the duty
cycle value to obtain a desired constant output voltage value,
despite all the source voltage and load output changes. The
new topology assimilates multiple renewable energy and pow-
ers multiple loads with changed output levels.

3.1. Solar power generation

When the PV cell’s energy generation is based on the irradiation
by the sun, Ip, source current passes through the diode/,. If
there is any leakage, it is determined by dark current. In these
equivalents, circuit series resistance R, and parallel resistance
Ry, are included. The main purpose of the series resistance
R, forms the diffusion resistance level, greater than 1 Q. The
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Fig. 2. Equivalent circuit of solar cell

shunt resistance R, is usually less than a shunt resistor. Finally,
the generated Vpy voltage determines the single-cell voltage.
The actual physical equivalent circuit of a photovoltaic cell is
shown in Fig. 1.

Figure 2 clearly shows that current / passes through the load
as follows:

I=1—1;— 1y

=1Ly —I (eCI(VPeré%) _ 1) _ M

Ry ’ (1)
where [/ is the output current of the PV cell. [, is an elec-
tric current generated by sunlight. Also, I, passes through the
diode’s P-N junction, also known as the dark current’s leakage
current. [, is bypass current. /; is the reverse saturation current
of the diode. q is the electronic power (1.6x10'°°C). Vpy is
the output voltage of the photovoltaic cell. R, is the resistance
of a series of photovoltaic cells. A is the factor of the diode
and its value is 1 ~ 2. In the equation, k is Boltzmann’s con-
stant (1.38x 10723 J/K); similarly, T is the absolute temperature.
Ry, is the parallel resistance of the photovoltaic cell. Under
ideal mode conditions, R, can be ignored. In this state / passes
through the load as expressed below:

I=1Iy—Ig=Iy—1I (eq(va;%) —1). )

The single diode-based solar power generation is described
above. The series and parallel combination of the PV array solar
power generation is used for high voltage generation purposes.

3.2. Wind power

The power generated from a wind turbine is subjective by
several factors, including turbine size, wind direction, turbine
position, wind speed, and the dynamic performance and load
distribution of parallel turbine generators. In order to generate
electricity in the wind farm in independent mode, permanent
magnet synchronous machines are used. They are mechanically
connected to the wind turbine. The mechanical power gener-
ation of the wind turbine depends upon wind speed, and the
power output relative to the pitch angle of the wind turbine is
given as:

8
Prech = ﬁpv?,A (3)

where: p is air density, V is wind speed, A is sweep area of
the rotor.
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The pitch angle controls the rotor’s sweep area; the turbine’s
mechanical power is fed to the rotor of the DFIG (double-fed
induction generator) mechanically coupled by the shaft. The
three-phase AC output of DFIG is fed to a rectifier controlled
by a diode bridge rectifier and a DC-DC converter. The output
voltage of the controlled rectifier can be controlled by chang-
ing the duty cycle of the pulse. The reference is controlled and
changed to the converter’s reference value through a feedback
loop with the DC link voltage. The internal model of the wind
farm can be seen below in Fig. 3.

Wind *
Power DFIG * R
AC-DC DC-AC
— HH Comverten Comverter,
Mode-I Mode-IIT

Fig. 3. Block for wind energy system

A relative power-controlled DC-DC converter controlled by
the feedback voltage direction is used. Three power electronic
switches (MOSFETs) are connected to the three-phase diode
bridge rectifier to convert 3-phase AC into variable DC. The
DC variable DC fixed voltage ripple generated by the control
of the DC-DC converter is reduced. A dynamic duty cycle of
MOSFET and the switching frequency is 45 kHz. The passive
components of the DC-DC converter are calculated and given
below. L is the input inductance and is given as;

L= D'Vif‘ .
F;-AiL

“4)

V., is the input voltage of the converter, F; is the switching
frequency of the converter, and iL is a current flowing in the
inductor. The output capacitance of the capacitor C is calcu-
lated as:

Iy

o R
2-W- AV,

)

The directional voltage feedback loop controls the DC-DC con-
verter’s output to control the conduction time of the MOSFET.
The controller generates a relatively high-frequency triangu-
lar wave to generate the duty cycle of the pulse fed to the
MOSFET. Finally, the stabilized voltage is supplied to the grid
converter, the DC—AC converter, and the grid-connected oper-
ation.

3.3. Fuel cell energy generation

In the introduction of fuel cell and DC-DC converter, an effec-
tive mode is shown in Fig. 4, and the circuit includes a fuel cell
generator, a boost DC-DC converter and a load. In the step-up
DC-DC converter, the load’s output voltage can be adjusted

DC-DC converter

Fuel Cell Generation Load
s Sl e by e GG TSEGTE Ly ey o kOO0
| IFC _)_f\f'\I:'v'\p bl
= + = +
lRag Vere % Cre D _ & cL
- I " & & \Y
Vee R0

Fig. 4. Equivalent circuit of fuel cell

to the required voltage. The output voltage can be controlled
by the variable duty cycle (d) of the boost DC-DC converter.
The circuit of Fig. 4 in this system can be analyzed based
on the boost converter’s switching state. When the switch is
closed, the diode is reverse biased. Figure 5 shows the equiva-
lent circuit of the system when the switch is closed. Including
the fuel cell, the path around the inductor and the closed switch,
Kirchhoff’s voltage law is
VL =Vkc. (6)
When the switch is opened, the inductor current cannot change
immediately, and the diode becomes forward biased to provide
a path for the inductor current. Figure 6 shows the equivalent
circuit of the system when the switch is turned on. Assuming
a constant output voltage V|, the voltage across the inductor is

VL= Vin - VO . (7)
i L
O
i +
S VFC C % Ve
—— H Ro

L.
2
it +
Ea VFC (& :}: Ve

Fig. 6. Equivalent circuit when the circuit switch is closed
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Fig. 7. Wind-based MPPT system

For periodic operation, the average inductor voltage must
be zero. The average inductor voltage expressed in a switching
cycle is

VL:D(Vin)_(l_D)(Vin—VO):O- (8)

Solving for

Vin

Vo = .
°=1-D

)

The normal duty cycle, d, is defined as the switch time,
the total switching period. From (9) in steady-state, the gain
ratio between the output and the input can be verified by the
following expressions,

V1

M _
Vi

D" (10)
3.4. Resilience random variance reduction technique
(RRVR) based MPPT system
The operating point of PV, wind, and fuel cells depends on
the maximum extractable power strength. The improved power
generation using the DC-DC converter is shown in Fig. 7.
The MPPT concept enhances the power generation for
renewable energy generation. The MPPT is designed to obtain
MPP from the PV, wind and fuel cell and optimize the genera-
tion voltage using a DC-DC converter.

3.4.1. Resilience random variance reduction technique
(RRVR) MPPT

An RRVR-MPPT technology is applied to track the solar, wind,

and fuel cell system’s optimal operating point. In this technical

state, the power slope is empty, positive and negative, respec-
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tively, in MPPT (DP/DV = 0), left MPPT and right MPPT. Due
to this fact, MPPT can be found in terms of;

Pyy = Ppy X ipy, (11)

3‘12: = ipy +Vpy X iy, =0, (12)
ipy/aup = —ipvjuy At MPP, (13)
Aipy/avy, > —ipy/v,, —at the left of MPP, (14)
Aipy/gvp, < —lpy/v,, at the right of MPP. (15)

3.5. Bi-directional converter-based battery management

The battery-based charging system is shown in Fig. 8. This
converter circuit’s proposed bidirectional converter (BDC) cir-
cuit diagram consists of an input capacitor C, and MOSFET
switches S, and S; and output inductor L,, and capacitor C;

Sz, | ézi D,

N Lo
+ °
pc 1 YN
Voltage T~ C2=—= I +
i . C; _
s, |5 2o, T T
Bidirectional Converter
Fig. 8. Bi-directional battery-based battery management
5

Battery
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with battery. The diodes D, and D5 are anti-parallel body diodes
of the power MOSFETs S, and S;.

Cou (1) = Coar(t —1)- (1 —0)
EL(I)

+ [BESSS(t)+EW(t) - —} “Mbat -

inv

(16)

When the power demand is greater than the generation, then
the generation also is increased to meet the load. In this case,
the battery condition wherein restriction (17),

Cout(t) = Cour(t —1)- (1 - 0)
E, (1)

_ [_ _ BESSs(1) —Ew(r)} :

17
Ninv ( )

where, Cy,(f) and Cy,(¢) (z — 1) are the convenient capacity of
battery backup (W,,) concerning time ¢ and ¢ — 1, o is self-bat-
tery discharge Epy(¢) and E,,(¢) are the hybrid power, EL(¢) is
demand load time, 7, is the performance of the grid converter,
Chpat and Cy,, battery storage max and min.

If the power source’s energy is sufficiently large, the excess
energy charging circuit pattern is stored in the battery’s opera-
tion. Otherwise, the circuit will operate in the discharge mode
to provide the necessary energy to the load. Therefore, it is rec-
ommended that BDC can provide a steady and reliable power
supply to the load.

3.6. Grid converter

The grid converter is used to convert DC to AC voltage, where
the grid converter works as a single-phase or three-phase grid
converter. Many grid converter models operate on single-phase
or three-phase power supplies. The grid converter contains six
switches, and it gives three-phase power to the grid, and the gate
terminals of these six switches are connected to the controller.
This resilience random variance reduction technique controller
will provide suitable PWM for the grid converter switches in
Fig. 9.

The grid converter has six states using resilience random
variance reduction technique controller to control grid converter
switches’ switching. Still, they must avoid undeclared states and
short-circuit conditions. Based on the variation of load voltage
and current, the proposed resilience random variance reduction
technique controller will vary the Pulse Width Modulation of
the grid converter switches. The grid converter seven switching
states are described below in Table 1.

0

=L = JE as
T © . \; Grid }
=Y JFas | Y
Fig. 9. Voltage source grid converter
6

Table 1
Switching state of the grid converter

Switching state v, A V.
Q1-Q2-Q6 On & Q4-Q5-Q3 Off v 0 v

Q2-Q3-Q1 On & Q5-Q6-Q4 Off 0 Vi | -V
Q3-Q4-Q2 On & Q6-Q1-Q5 Off | —V; | Vi 0
Q4-Q5-Q3 On & Q1-Q2-Q6 Off | —V; | 0 v,
Q5-Q6-Q4 On & Q2-Q3-Q1Off | 0 | —V; |

Q6-Q1-Q5 On & Q3-Q4-Q2 Off | V, 0
Q1-Q3-Q5 On & Q4-Q6-Q2 Off | 0 0 0

Grid converters use a MOSFET voltage source, such as
a switch, which requires a specific gate drive signal when the
VSI of the power obtained by the MOSFET used turns off their
control method, and the control signal is turned on and off. The
three sides with switches are used to switch Q1, Q2, Q3, Q4,
Q5 and Q6. Switches Q1 and Q4, Q3 and Q6, and both sides
of Q5 and Q2 cannot be operated simultaneously because of
short circuits. ON and OFF from both sides of the switch are
determined by RRVR technology.

3.7. Resilience random variance reduction technique
(RRVR) for grid optimization

These works introduce the algorithm to optimize the resilience
random variance reduction technique non-linear constraint in
the transmission line. This technique is used to reduce power
transmission loss, frequency oscillation and improve the volt-
age’s magnitude. The gains of fractional high order differential
feedback controller are employed by resilience random variance
reduction technique designed to reduce the system’s overall
weighted absolute error performance in exponential time dura-
tion. The UPQC system can be used for the static and dynamic
compensation of the ac transmission line.

Figure 10 shows the unified power quality conditioner
(UPQC) based transformative power for intrinsic quality opti-

UPFC
Compensator

Power
transmission
line

P
—

vev

Fig. 10. UPQC based resilience random variance reduction technique
(RRVR) for energy optimization
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mization algorithm presented in the transmission line. The con-
trol system describes the series and shunt converters assuming
the controller’s online transmission values are the fundamental
components analyzed and optimized by the proposed algorithm.
The determination of sudden and random changes directly
affects system dynamics, and it is equally important for opti-
mizing method performance. Sudden random variations should
meet the designer’s criteria, such as fast and minimal overshoot
and steady-state error in response to a non-oscillating system.
A more accurate system modelling or design with increased
robustness and applicability of the control system is made pos-
sible through the RRVR controller in control engineering.

3.7.1. Resilience random variance reduction technique
(RRVR)

Inputs to the system: The system parameters of real & reactive

power flow, UPQC, oscillation in all branches.

Outputs from the system: Optimized VSC and real power loss

The detailed algorithm for resilience random variance reduc-
tion technique is explained in the following steps:

Step 1: Compute the system data such as load bus voltage values,
source voltage, sag and swell voltages, and other values.

Step 2: Initialize the present system’s value and analyze it with
the resilience random variance reduction technique
(RRVR).

Step 3: Detect the sag voltage in the transmission line and
enhance the unified power flow controller using the
resilience random variance reduction technique.

Step 4: Generate randomly ‘n’ number of voltage variations
in grid lines. Find out the (— Vi) and (+Vinax), €ach
represents a rating sag voltage in the system.

Step S: To place the all n number of voltage variation in UPQC
of the respective candidate locations and load flow
analysis of total real power loss (Py).

Step 6: Find the true power loss and use the maximum loss
reduction equation to be evaluated corresponding to
the number of particles per particle.

FV = P wormat — Pr,upkc- (18)

Step 7: The change value of the obtained values and all values
are the best P, values identified.

Step 8: The transformation between the maximum range in
the transmission system and the average fitness value
is called the error.

Error = (maximum fitness — average fitness).

(19)
Step 9: Determine the 7;; values of the following equation
rij = Ghest FV — Poes 'V, (20)

r;; obtained by optimizing the variance between the
best fitness values Gy FV and Py F'V

V1 V2 sin 0

GbcstFVZ X 5

e2y)
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Computing load bus voltage values, source voltage, sag and swell voltages, and
other values.

i

Initializing the value in the present system and (RRVR) technique

%

Detecting the sag enhanced by the unified power flow controller (UPQC) using
the Resilience Random Variance Reduction technique (RRVR).

i

Finding the fitness value
FV =Py pormar— Pruprc

v

Obtaining the error value
Error = (maximum fitness — average fitness)

v

Ppest values identified and Ghestis calculated
Ty = Gpest FV = Ppest FV

__ Vivzsin(5+¥)
X+XpsT

Gpest FV =

Viv2sing,
X

Prest

V7

The new fitness value is better than the previous Py value, the Pycg value
of the RRVR is set to the current value. Also, the G value is determined
from the latest Py value.

%

If
iteration > imax

Vv

The number of iterations increases. If the maximum number of iterations is not
reached, go to step 3.

i

End

Fig. 11. Algorithm of resilience random variance reduction technique
(RRVR)

where: P is active power transmitted, V| is line to
line voltage of source V), V, is line to line voltage V,,
X is reactance of interactions, S is angle of V| with
respect to V,.

WA LA (22)
+Xpst
where, Xpgr = PST leakage reactance, ¥ = PST phase
shift angle of 7, voltage with respect to T7}.

Step 10: The new fitness value calculates the new positions
of all fireflies. If the new fitness value is better than
the previous Py value, the Py, value of the RRVR
is set to the current value. Also, the G value is
determined from the latest Py value.

Step 11: The number of iterations increases. If the maximum
number of iterations is not reached, go to step 3.
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4. RESULTS AND DISCUSSION
The present modelling approach of a Mat lab-based toolbox
is for developing and testing the UPQC using the algorithm
resilience random variance reduction technique under various
operational conditions. The proposed model is designed in
a MATLAB 2017 b environment.

Figure 12 shows the simulation diagram, which represents
the power flow between the generating and load. The power has
some variations in the grid or load side. It needs to be optimized
by the reactive power control. A three-phase three-wire of VSI
working either as UPQC with resilience random variance reduc-
tion technique (RRVR) controller is used for compensation. The
above model can be tested under the dynamics load condition
system.

Figure 13 represents the solar voltage generation; the above
waveform clearly shows the output voltage V = 510 in the
y-axis based on the time duration. For the stabilization purpose
of wind energy generation, the proposed MPC is used. Due
to this operation, a rectifier is utilized for AC to DC conver-
sion. Figure 14 represents the rectified DC voltage of the wind
energy generation, which is utilized for the MPC input source.
The y-axis represents voltage; in V = 450 constant Voltage, the
x-axis represents time £ = 1 second.

Figure 14 demonstrates a fuel cell power generation based
on two (voltage and current) waveforms. The fuel cell’s voltage
generation is 65 V, representing time in seconds from the above

figure’s representation. Based on the voltage, the current value
is 22 A with respect to time in seconds. The proposed RRVR
based converter system continually produces power generation
to the bus system because of utilizing the battery system. The
battery-based energy management is operated in two modes of
operation (i) charging mode (ii) Discharging mode. The above
Fig. 14 shows the charging mode waveform of the battery sys-
tem; the battery voltage is 440 V in the y-axis with one second
time duration.

Figure 15 shows the active filter proposed in the THD sur-
vey using the RRVR algorithm; the output is gathered from the
typical 4.85% THD and maintained with IEEE standard.

The system’s dynamic load change will cause more voltage dis-
tortion, but it is clearly shown in Fig. 16 that the proposed RRVR
will produce less voltage distortion during peak load conditions

Figure 17 shows the maximum amount of load change in
implementing the UPQC model. 1500 Watts are used to analyze
the proposed RRVR controller’s performance, which is used to
compensate for the load powerfully.

Figure 18 shows the stability analysis of the proposed UPQC
model under dynamic load varying conditions. The 2000 W of
the source (voltage and current) considerations are in phase
with each other.

Figure 19 shows the result of using RRVR based THD
method UPQC system. Based on this UPQC, RRVR produces
1.55% THD.
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Fig. 12. Proposed simulation diagram of RRVR based UPQC model
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Fig. 14. Fuel Cell Generation Waveform
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Fig. 19. THD exploration using RRVR technique
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Tables 2 Tables 3
Performance analysis of the proposed model without a controller Performance analysis of the proposed model with the controller
S. | Generating | Generating source | Grid Load Grid S. | Generating | Generating source | Grid Load Grid
No source power (W) voltage | voltage | frequency No source power (W) voltage | voltage | frequency
power (W) oo Twr [ rc | V) (\2) (Hz) power (W) o0 T\t [ rc | V) V) (Hz)
1 500 200 | 150 | 150 | 300 310 48.9 1 500 200 | 150 | 150 | 300 299 48.9
2 1000 500 | 250 | 250 | 295 310 48.4 2 1000 500 | 250 | 250 | 295 290 48.4
3 1500 600 | 500 | 400 | 288 310 47.6 3 1500 600 | 500 | 400 | 288 285 48.1
4 2000 1000 | 600 | 400 | 280 310 47.1 4 2000 1000 | 600 | 400 | 280 275 47.8
S. | Power | THD Sag Swell | Steady-state | Settling S. | Power | THD Sag Swell | Steady-state | Settling
No | factor (%) voltage | voltage error time No | factor (%) voltage | voltage error time
(%) ™) V) (%) (s) (%) ™ ™) (%) (s)
1 0.986 5.9 140 340 2.6 0.4 1 0.996 1.5 140 340 0.7 0.28
2 0.982 6.4 155 355 3.1 0.46 2 0.991 1.8 155 345 1.1 0.32
3 0.972 7.1 165 365 3.4 0.49 3 0.990 1.9 155 345 1.3 0.39
4 0.968 8.6 160 360 39 0.51 4 0.989 2.1 150 340 1.7 0.41
Tables 2 demonstrate the proposed interconnected unified Table 4

power quality conditioner (UPQC) without the controller table
represented above. The proposed UPQC model does not pro-
duce stable power through the load system based on the above
parameters.

Tables 3 describe the performance analysis of the proposed
UPQC model with the RRVR controller. Based on the analysis
of the various parameters like generating source power (W),
grid voltage in (V), load voltage in (V), grid frequency in (Hz),
power factor (%), THD (%), sag voltage(V), swell voltage(V),
steady-state error (%), settling time (s), the proposed RRVR
controller provide better result compared with without control-
ler model.

Table 4 represents the performance analysis function of the
UPQC using RRVR and existing systems with the PI-based con-
troller on the above table, and the proposed RRVR techniques
produce a better result.

Table 5 represents the load power stabilization of the pro-
posed UPQC under different load variation system.

Figure 20 illustrates the load voltage and current stabilization
system dynamic load power variation. The proposed RRVR

Voltage and current variation for different loads
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Fig. 20. Voltage and current variation for different loads
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Comparative analysis of the proposed UPQC using RRVR
and existing PI controller in the systems

Parameter PI RRVR
Steady-state error (%) 1.8 0.7
Settling time (s) 0.46 0.28
Without UPQC THD (%) 18 7.96
With UPQC THD (%) 9.1 1.55
Efficiency (%) 88 93

Table 5
Load power stabilization for the proposed UPQC model
Voltage (V) Current (A) Load (W)
310 6.5 2000
310 5.0 1500
310 3.0 1000
310 1.5 500

controller will remain in a stable load voltage load power of
all changes.

Figure 21 is a comparative analysis of the steady-state error
of the control UPQC and various parameters. Using PI to evalu-
ate the efficiency and evaluation of THD results with or without
UPQC compensator, the proposed RRVR can produce valid
results.

Figure 22 is the THD for the proposed model, with the
UPQC system producing a result of 1.55%, which is better
than the existing model without UPQC.

Figure 23 represents the power factor graph for the maxi-
mum 2000 Watts load condition. During this state, the 0.995%
power factor was achieved.
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5. CONCLUSION

The performance of the implemented system has been validated
under different load conditions. The proposed resilience random
variance reduction technique (RRVR) has been used to reduce
the loss and improve the system’s stability like system voltage,
current, frequency, settling time, power factor. The benefits of
the proposed resilience random variance reduction technique
were analyzed with different parameters like steady-state error
(0.7%) of the system and the system’s total harmonics distortion
of 1.55% with UPQC. The result indicates that the coordinated
UPQC and RRVR control technique will maintain the distribu-
tion system’s optimal power flow. The purpose of the system’s
predictive power control is to control the reactive power in the
UPQC to compensate for the grid voltage and current. With
this new concept, the UPQC Compensators work efficiently
and generate the required reactive power to optimize the grid
power. Thus, the output voltage of the system will improve
and meet the required load demand, and resilience random
variance reduction technique (RRVR) has also been compared
with PI-based controller in terms of steady-state error, settling
time, total harmonic distortion and efficiency, and it provides an
effective solution for the power quality stabilization problems.
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