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The ANFIS controller and the PV integrated UPQC system are evaluated in this research. The primary objective is
to use an ANFIS controller to manage the dc-link voltage. During sags and swells, the compensator injects voltage that is
either in phase or out of phase with the voltage at the common connection (PCC). For improved performance, the load active
current component of the photovoltaic-based unified power quality controller (PV UPQC) system is evaluated using a moving
average filter-based reference. Clean energy generation, improved power quality, and lower harmonic distortion are just a few
of the system's advantages. Under sag and swell conditions, the compensator injects voltage that is in phase or out of phase
with the PCC voltage. Among other things, the MATLAB/SIMULINK software is used to model load unbalancing, PCC
voltage sags/swells, and irradiation fluctuations.
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In terms of grid power quality, distributed generation (DG) systems have both advantages and

downsides (PQ). They can improve system efficiency by generating power locally. Customers can

have more stable and uninterrupted power while saving money on energy [1]. The use of distributed generation

in the grid is increasing around the world. Denmark, for example, has a significant penetration of wind energy,

with 14 percent of the country's total electrical energy consumption coming from wind [2]. According to an EPRI

analysis, by 2010, DG will account for 25% of new generation and at least 20% of the total electrical utility
market, worth USD 72 billion [3].

In the near future, deregulation of the electricity market may lead to a higher level of DG penetration
from renewable energy sources (wind, solar, biomass, etc.) [4]. In terms of environmental protection, DG derived
from renewable energy sources is critical, as it reduces harmful emissions. Because most DG systems connect to
the grid via a power electronic interface, the introduction of higher frequency harmonics into the system is
unavoidable. As a result, if not addressed effectively, other grid integration issues are similarly concerning in
terms of electrical pollution. Variable wind speed, solar and tidal power variations, and so on are uncontrollable
variables that will inevitably alter the quality of the generated power.

Active filtering techniques for incorporation into integrating power electronic converters are being
investigated [2,5], however they must be case specific. Because PQ varies depending on the kind of generation
source, a common PQ platform for sensitive non-linear loads in the distribution system is necessary. As a result,
suitable power conditioning interfaces are recommended for sensitive non-linear loads. The most prevalent
categories of loads include production sectors (such as automobile factories, paper mills, chemical and
pharmaceutical industries, semiconductor manufacturing facilities, and so on) and critical service providers (such
as medical centres, airports, and broadcasting centres). Common grid integration challenges include voltage and
frequency compatibility, as well as the requirement for active and reactive power.

Two UPQC models are reviewed and analysed in this work from the perspective of VA loading and
applications. UPQC is a functionally combined series and shunt active filter that maintains the required quality of
both the input voltage and current.
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A power conditioning device can act as an interface between the grid and sensitive loads, allowing the
load to be unaffected by variations in utility power quality. The unified power quality conditioner (UPQC) [6, 7]
is the most comprehensive power conditioning device that can eliminate both voltage and current quality issues.
» Inthe proposed controller evaluate the accurate value compare to the PI controller.
» The proposed controller less harmonics compare to the existing controller.
» The steady state error reduced in the ANFIS based controller.
In both dynamic and steady-state scenarios, the performance of the proposed system is thoroughly
examined using Matlab-Simulink software.

A three-phase UPQC system is required for the PV-UPQC. The PVUPQC is made up of a shunt and a
series compensator that are both connected to the same DC bus. The load side is where the shunt compensator is
attached. Through a reverse blocking diode, the solar PV array is directly connected to UPQC's DC-link. The
series compensator compensates for grid voltage sags/swells while in voltage control mode. Interface inductors
connect the grid to the shunt and series compensators. The voltage generated by the series compensator is
injected into the grid via a series injection transformer. Ripple filters are used to filter harmonics caused by
converter switching activity. To make a nonlinear load, a bridge rectifier and a voltage-fed load are used. The
schematic diagram of the PV-UPQC system depicted in figure.1.
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Figure.1.PV - UPQC System Configuration

PV-UPQC design starts with suitable PV array dimensions, DC-link capacitor sizing, DC-link voltage
levels, and so on. In addition to compensating for load current reactive power and current harmonics, the shunt
compensator is sized to regulate the peak power output from the PV array. Because it is directly connected to
UPQC's DC-link, the PV array is sized so that the MPP voltage is the same as the intended DC-link voltage.
Under normal conditions, the rating assures that the PV array provides active electricity to the load while also
feeding power into the grid. The interfacing inductors for the series and shunt compensators, as well as the series
injection transformer for the series compensator, have all been developed. The following is a summary of the
UPQC:s for PV design.

a)
The value of the dc-link voltage can be analyzed by using eq (1)
VZVLL
(1)

=2
dc \/§m
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Where
LL = ’
m = the level of balance is (m)
=415
b)
The ripple current, switching frequency, and DC-link voltage all affect the interfacing inductor rating of
a shunt compensator. The interfacing inductor is written like this:

\/§Vdc *m
= ©)
12 crpp sh
Where

m s the modulation depth,
a is the maximum overload pu value,
fshis the switching frequency,
Icr,pp is the inductor ripple current.
¢)
The PV-UPQC is designed to support a 0.3 Pu sag/swell (71.88 V). The injection voltage is just 71.88 V
when the DC-link voltage is 700V, resulting in a low modulation index for the series compensator. The

modulation index of the series compensator should be kept near to unity to run the series compensator with the

fewest harmonics. As a result, a series transformer with a high turn ratio is used.
VSC

SE= T (3)

The value of Ksg was discovered to be 3.33. The chosen number is three. The following is the rating of the series
injection transformer:

SE=3 SE SEsag (4)
V3 * mVacKse
r=—t2———— (5)
SEr

The modulation depth is denoted by m, the maximum overload Pu value is denoted by a, the switching frequency
is denoted by fse, and the inductor current ripple is denoted by I..

. PV -UPQC Control
A.

The shunt compensator extracts the greatest electricity from the solar PV array by operating it at
maximum power. The maximum power point tracking (MPPT) approach is used to produce the reference voltage
for PV-DC-link UPQCs. Two prominent MPPT algorithms are Perturb and Observe (P& O) and incremental
conductance (INC). In this work, the (P& O) technique is used to implement MPPT. To keep the DC-link voltage
at the created reference, a PI-controller is employed. The shunt compensator corrects for load current by using
the active fundamental component of the load current.

The load currents are converted to the d-q-0 domain using the phase and frequency information
provided from the PLL. The PLL input is the PCC voltage. The d-component of the load current (Iiq) is filtered in
the abc frame of reference to produce the DC component (Iiar), which represents the basic component. To recover
the DC component without compromising dynamic performance, a moving average filter (MAF) is used. A

mo\/ing a\/erage ﬁltel"S transfer funCthIl iS,
—-e IWS

1
()=———— (6

ws
The window length of the moving average filter is . Because the lowest harmonic present in the d-
axis current is a double harmonic component,  is kept at half of the fundamental time period.
The MAF has a DC gain of one and a gain of zero for integer multiples of the window length.
The PV array's current component is deno&ed by.
pv

e =3, (7)

Vs is the magnitude of the PCC voltage, and Ppv is the PV array power. In the d-axis, the current state of
the reference grid is written as.
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I*sd = ILdf + Iloss - Ipvg (8)
I"sq Currents in the abc domain are converted to grid currents in the abc domain. The reference grid
currents are compared to the measured grid currents in a hysteresis current controller to generate the gating
pulses for the shunt converter.
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Before compensation, in-phase compensation, and energy optimal compensation are the three series
compensator control techniques. The several compensation mechanisms utilised for series compensator control
are thoroughly explained. The series compensator is used in this study to inject voltage in the same phase as the
grid voltage, resulting in the least amount of voltage injection possible. The series compensator's control
structure is depicted in Figure 3. The basic component of PCC voltage is extracted using a PLL, and the dg- 0
domain reference axis is built. The reference load voltage is built using the phase and frequency information
from the PLL-collected PCC voltage. The PCC and load voltages are converted using the d-q-0 domain.

Because the reference load voltage must be in phase with the PCC voltage, the d-axis component value of
load reference voltage is the peak load reference voltage. The g-axis component is maintained at zero. The
difference between the load reference load voltage and the PCC voltage determines the actual series compensator
voltages. The difference voltage and the PCC voltage determine the series compensator's reference voltage.To
create appropriate reference signals, PI controllers exploit the difference between reference and actual series
compensator voltages. These signals are translated to the abc domain and delivered via a pulse width modulation
(PWM) voltage controller to provide enough gating signals for the series compensator.
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Figure. 3. Series Compensator’s control structure.
Iv.

The adaptive Neuro fuzzy Inference system (ANFIS) is a data-driven approach for resolving trademark guessing

issues using a neural organisation strategy. Information-driven ANFIS network union solutions are frequently based
entirely on grouping a prepared set of mathematical examples of the cryptic trademark to be approximated. ANFIS
networks have been successfully applied to class liabilities, rule-principally based technique control, design
notoriety, and comparative concerns since their introduction. The fuzzy adaptation provided by Takagi, Sugeno, and
Kang to codify a logical technique to deal with creating fuzzy parameters from an information output records set is
included in this fuzzy logic controller.

a)
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For the sake of simplicity, the fuzzy inference system under discussion is supposed to have two inputs and
one output. The fuzzy if-then rules of Takagi and Sugeno's type are found in the rule base as follows:

Assuming x is Aand y is B then z is f(x,y)

Where A and B are the antecedents' fuzzy units, and z = f(x, y) is a new trademark in the following. For the
enter factors x and y, f(x, y) is a polynomial.

The ANFIS regulator has input membership functions, and one of these functions is participation. Figures 4
to 6 depict schematic charts of information and result membership functions. The number of cycles used and the
parameters shown in table 1 were used to reduce the error. Mamdani-based fuzzy logic controllers and Sugeno-
based fuzzy logic controllers are the two types of fuzzy logic controllers. The regulator has tutoring FIS (fish
kind deduction framework) kind and emphases in the ANFIS based absolutely regulator type as Sugeno.

" ,NS for

, EZ for ,PS for "

." The input membership functions are all five, and the change in error is also five. There
are a total of 25 emphases in the overall regulations. The cycles can be used with the use of entrance and yield
tactics. The ANFIS regulator is used to demonstrate the design of ANFIS in Figure 8 and the preparation botches
in Figure 7.
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The shunt compensator extracts the greatest power from the solar PV array by operating it at its maximum
power point. The maximum power point tracking (MPPT) approach is used to create the reference voltage for PV-
DC-link UPQCs. Two common MPPT algorithms are the Perturb and Observe (P& O) algorithm and the
incremental conductance algorithm (INC). In this study, the (P& O) method is used to implement MPPT. The DC-
link voltage is maintained at the generated reference by an ANFIS-controller. The ANFIS controller is based on the

Sugeno technology and has greater performance than the PI controller. Figure 9 shows the schematic diagram of the
ANFIS-based controller.

V.

The steady state and dynamic performances of PV-UPQC are examined by simulating the system in Matlab-
Simulink software. The load is a nonlinear R-L load consisting of a three-phase diode bridge rectifier. The system is
subjected to a variety of dynamic situations, including PCC voltage sag and swell, and PV irradiation change.

In Supplement, you'll find the actual framework bounds. Figure 9 depicts the proposed approach schematic graph.
The ANFIS regulator and the PI regulator were displayed to evaluate the results of Matlab/Simulink programming.
When compared to the PI regulator, the proposed ANFIS controller performs better. In contrast to the suggested
regulator work on the general exhibition, which creates harmonics in load current of 23.46 % and grid contemporary
of 1.86 %, the PI regulator-based framework produces harmonics in load current of 10.69 % and grid contemporary
0f 0.27 %. Table 2 shows the THD esteems of the PI and ANFIS regulators as a result of their interactions.
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1. PV-UPQC Performance at PCC Voltage Fluctuations

ISSN NO: 2249-3034

Figure 10 depicts the dynamic universal overall performance of the PV-UPQC with PI controller in the
presence of PCC voltage sags/swells. The intensity of the irradiation is maintained at 1000W/m? (G). The
numerous sensed signals include grid currents (I;), load currents (Iia, Iiv, Iic), shunt compensator currents (Isha, Ishb,
Lshe),, and solar PV array power (Ppy). There is a voltage sag of 0.3pu and a voltage swell of zero between 0.07
and 0.75 seconds. 3pu exists between 0.8 and 0.85 seconds. The collection compensator compensates for grid
voltage by injecting a suitable voltage Vse in the opposite location of the grid voltage disturbance, allowing the
rated load voltage to be maintained.
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2. PV-UPQC Performance in Unbalanced Load Conditions

In a load imbalance scenario, Figure 11 shows the dynamic performance of the PV-UPQC with PI controller. At
t=0.8s, the loads' 'b' phase is disconnected. The grid is now sinusoidal and in tune with the electrical element, as
can be observed. As a result of the reduction in fundamental strong demand, the current fed into the grid has
grown considerably. The DC-link voltage is also constant, and it is maintained near 700 V, which is the required
regulated rate.
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3. PV-UPQC Performance Under Various Irradiation
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Figure 12 depicts the PV-UPQC with a PI controller's dynamic overall performance as solar irradiation changes.
The sun gives off 500W/m? at 0.8s and 1000W/m? at 0.85s of irradiation. As the PV array's production rises in
response to rising irradiation, grid current rises as the PV array feeds electricity into the grid. When it comes to
accounting for harmonics caused by load current, the shunt compensator trails behind MPPT. Harmonic spectra
and THD load using a PI-based controller for current day-to-day and grid contemporaneous are shown in Figures

13 and 14.
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Figure. 12 PV - UPQC Performance under Varying Irradiation Conditions with PI controller
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b)
1. PV-performance UPQC's when the PCC voltage fluctuates

In the presence of PCC voltage sags/swells, the dynamic performance of PV-UPQC with ANFIS
controller is shown in Fig.15. When the power density is 1000W/m?, irradiation (G) is conserved. Only a few of
the numerous sensed indications include PCC voltages (Vs), load voltages (V1), series compensator voltages
(Vsg), DC-link voltage (Vac), solar PV array current (I,), solar PV array energy (Ppv), grid currents (Is), load
currents (Iia,Iib,lic), and shunt compensator currents (Isha,Ishb,Ishc). The collection compensator compensates for
grid voltage disturbances in some cases by injecting an appropriate voltage Vse into the opposite segment,
allowing the load voltage to remain at rated value.There could be a voltage sag of zero.3pu and a voltage swell of
0.3pu between 0.7 and 0.75s, and a voltage swell of 0.3pu between zero.8 and 0.85s.
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Figure.15: PV - UPQC performance with ANFIS controller during voltage sag and swell conditions.
2. PV-UPQC Performance under Unbalanced Load Conditions

Figure 16 shows the PV-UPQC with ANFIS controller's dynamic fundamental performance when the load is

unbalanced. The 'b' portion of the load is disconnected at time t=0.8s. The grid current is sinusoidal and
amazingly strong, as can be seen in the details. Due to the lower cost of the overall powerful load, the amount of
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electricity provided into the system increases. The DC-Link voltage is also stable, remaining close to the

regulated value of 700 V.
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Figure. 16 ANFIS controller PV - UPQC performance under load - unbalance condition.
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3. PV-Irradiation UPQC's Irradiation Performance

Under varying solar irradiation, Figure 17 displays the PV-overall UPQC's dynamic performance with the
ANFIS controller. Solar irradiation varies between 500W/m? at 0.8 seconds and 1000W/m? at 0.85 seconds. PV
array output will increase as irradiance rises, and grid current day will increase as PV arrays feed power into the
grid. Figures 18 and 19 show harmonic spectra and THD load for current day-to-day and grid contemporary
using an ANIFS-based controller.
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Figure.17.PV - UPQC Performance under Varying Irradiation Conditions with ANFIS controller
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Parameter % THD
With the PI controller [13] With the ANFIS controller
Current (Ir) 23.46 10.69
Current (Ig) 1.86 0.27
VI.

The dynamic performance of a three-phase PV-UPQC with an ANFIS controller was analyzed under
changing irradiance and grid voltage sags/swells in this study. Matlab/Simulink software was used to model the
system's performance. PV-UPQC with ANFIS mitigates nonlinear load harmonics and maintains grid current
THD with less harmonics than PV-UPQC with PI controller. The system has demonstrated to be stable under
varying irradiation, voltage sags/swells, and load unbalance. When a moving average filter was added to d-q
management, it improved performance, particularly when the load was unbalanced. PV-UPQC appears to be a
promising solution for modern dc micro grids because it combines dispersed generation with power quality
enhancement. In comparison to the proposed PI controller, which produces harmonics in load current of 23.46 %
and grid current of 1.86 %, the ANIFIS controller-based system produces harmonics in load current of 10.69 %
and grid current of 0.27 %.
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