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ABSTRACT

In the operational condition of an electrical power system, the need for proper utilization with quality of
utilization is primal. Where different types of quality measures are deployed such as the linear filters and
adaptive filters to condition the current quality, a power flow controller is deployed to compensate for the
dissipation losses or fault tolerance. Where efforts are made in enhancing power quality, efforts are also
made in the utilization of it. With the rapid and ever-increasing demand for power supply and rapid increases
in industrial and urbanization, the demand has exceeded the supply capacity of all generation systems. To
compensate for the demanded power requirement, in addition to the existing power generation units,
additional subunits are added to the power system to compensate for the demanded supply. Smart grids are
designed as a cluster of various generation units and consumption units. The demanded power is processed in
these smart grids and using a processing algorithm, these grids play a crucial part in adjusting the power
supply allocation to compensate for it. Here, the grid systems are either designed for a concentric parameter
or multi-objective monitoring in making a decision. The issue is with the complexity in the parameter
validation, where multi-objective monitoring gives the benefit of accurate scheduling, the complexity in
parameter monitoring is higher.

The main objective of the proposed is weight-defined parameter monitoring of power scheduling in multi-
parameter monitoring, where the past approach of a preference-based scheduler is to be developed with
different intelligent controller techniques like UNITED POWER FLOW CONTROLLER (UPFC) with
ANT-LION optimization (ALO) algorithm is proposed and compared with ANFIS, Adaptive FLC, Reduced-
order FL, FOPIL, and FOFL. The PQ issue in the system is helped by the UPFC device. A shunt active power
filter is used in series with an artificial neural network (ANN) with an ALO-based controller to improve
UPFC performance by allaying current and voltage power quality (PQ) concerns. It proved that our proposed
system is best in smart grid applications using MATLAB/Simulink.

Keywords: UPFC, ALO, ANFIS, Adaptive FLC, Reduced-order FL, FOPI and FOFL Smart Grid, MATLAB/
Simulink.

1. INTRODUCTION

There are no dispensing devices, nonlinear loads, or utilities employed as compensation in
the electrical power system. This complicated structure guides the power system toward an
unsteady energy source [1]. complicated energy systems known as "smart grids" (SGs)
utilized two-way communication between distributed generation (DG), control systems, and
loads to improve voltage stability, create the good utilization of RES, self-repair systems
when a problem arises, and provide customers with the chance to control their electricity
usage and save funds on maintenance cost [2]. Regardless of the complexity of most attacks,
the Energy station represents a unique confrontational goal in the smart grid. [3].

Series and shunt compensators are combined in UPQC. Upgraded maximum frequencies,
dynamic reactive and active energy control, voltage sag, voltage disbalance, voltage flicker,
and voltage are all outcomes of its use [4]. Even from the end perspective, the user's PV
technology has become the most enticing. Due to its dependability and simplicity,
applications. However, scheme intricacies like load variations and parameter modifications
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may prevent PI/PID control from functioning normally even when it is perfectly aligned [6].
As an outcome of the power system's unsteady or disruption of synchronization, Due to a
lack of dissipative torque, these vibrations become more intense. [7].

The major scheduling approach is defined as time-based operational, or demand based. In
these systems, the power scheduling is operated based on the measurement of demanded
power and the available generation [8-10]. Where advanced algorithms were deployed for
proper decision-making, all the existing approaches were based on discrete parameter
monitoring. Here, the characteristic of the demand variation is not been considered. Longer
periodic observation of the demand may lead to a more accurate switching performance of
the generation units.

The foremost contribution of the proposed methodology

e UPFC with ANT-LION optimization (ALO) algorithm is proposed and compared
with ANFIS, Adaptive FLC, Reduced-order FL, FOPI, and FOFL to develop a
weight-specified parameter tracking of power planning in multi-parametric
monitoring, where the past method of priority scheduler is to be established.

e UPFC performance can be improved by easing concerns about current and voltage PQ
by using an ANN with an ALO-based controller.

e To use and schedule the virtual generation plants in demand-supply, a hybrid system
of virtual power units must be integrated and scheduled, from which a balance
relation between generation and demand must be derived. Utilizing the
MATLAB/Simulink environment, every parameter must be verified.

2. LITERATURE SURVEY

In this section, a few relevant works on intelligent controllers for smart grid performance
are examined.

Rahbari, O, et.al., have offered a flexible control system that makes the smartest grids,
electric cars with plugs, and renewable energy sources. This study suggests a workable
solution to the issues associated with integrating renewable energies & into the electrical grid
for electric vehicles, considering source generation unpredictability & uneven energy use, by
using a new adaptive intelligent controller. It is suggested to use an innovative hybrid control
strategy based on the optimum power flow issue and just a neuro-fuzzy adaptive inference
system with particle swarm optimization resulting in a rise in the voltage's total harmonic
distortion rather regularly.

Irfan, M. et.al., have proposed, Possibilities and difficulties in managing smart grids from
a Pakistani perspective. This paper provides a thorough analysis of developments in smart
grid control. The (ICT) methodologies are highlighted by the smart grid. Pakistan must make
use of its natural resources, including wind, hydropower, and solar energy. To reduce future
energy shortages, urgent action is required.

Bayindir, R. et.al., have suggested, Applications for smart grid technology. This study
analysed data transmission methods, smart grid applications, and technological energy
efficiency in smart grids. Scientists and engineers investigating the smart grid are expected to
find this study to be a key source of direction.

Derakhshan, G. et.al., have discussed improving demand response programs in smart
grids. The following four types of residential consumers were surveyed for this study, which
was conducted on some residential houses in Tehran, Iran, during the summer: When

payment costs for various periods are reduced, our optimization model employs the Shuffled
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Frog Leaping (SFL) algorithms & Teaching & Learning Based Optimization (TLBO)to plan
smart grid utilization.

He, Y., et.al., have proposed, using an intelligent mechanism based on deep learning, the
smart grid can identify fake information injection attacks in real-time. In this study, FDI
assaults' behavioural characteristics are detected using deep learning methods. historical
measurement data is employed, and the behavioural features are then used for real-time FDI
attack identification.

Keshtkar, A. et.al, have proposed wireless sensors, smart grids, and fuzzy logic for smart
home load reduction. In order to reduce the load on HVAC systems in houses, this study
offers a fuzzy logic technique (FLA) that provides wireless sensors and smart grid incentives.
A PCT that can handle TOU & RTP is being constructed in MATLAB/GUI to mimic a real
thermostat. It functions as a "simulator engine" to assess FLA's effectiveness in various
contexts. The main objective of energy systems and smart grids is the integration of
household HVAC technologies in the context.

3. PROPOSED METHODOLOGY

The system's load demand increases as a result of the increased utility use brought on by
urbanization and industrialization. Regarding protection and energy reliability and
performance troubles, integrated approach sources are unable to satisfy the required energy
needs in today’s modern power grid. To resolve these issues, dispersed energy resources and
RES have been utilized. The most cutting-edge technology currently in use, the RES system,
can boost system steadiness and effectiveness. Among the most practical remedies for PQ
problems like voltage sag, sale, and fluctuation is the FACT system. Therefore, UPFC is
employed in the RES in this paper to address these power quality issues. A PV system that is
linked to the smart grid makes up the suggested RES. The RES is linked to a smart grid,
which results in issues with power quality due to nonlinear loads, critical loads, and
unexpected loads. This results in a problem with reactive power mismatch and more voltage
instability. The UPFC may be the best tool for dealing with power quality issues and
enhancing voltage regulation in RES linked to the smart grid.
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Figure 1: UPFC structure with smart grid connectivity and RES
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The modeling approach is depicted in Fig. 1 and includes batteries and photovoltaics
linked to a smart grid. To meet the needs of the customer, RES is used. The battery energy
storage system is utilized to distribute essential electricity and store excess power generated
by solar panels. Power quality issues in RES systems connected to the smart grid are the
primary concern in maintaining stability and dependability conditions. To handle PQ
difficulties including sag, swell, and fluctuation, a UPFC is constructed using a smart grid-
connected RES system.

3.1. METHOD FOR STORING ENERGY IN BATTERIES

Systems that store energy in batteries are utilized to meet load demands when RES power
supply is insufficient.

b?D‘: N?nr:ftt[ + ﬁ?rarrftt[ - % (1)
P, (#) = Demand for system load,
i, = Battery power.

An important battery feature known as the State of Charge (SOC) is linked to RES's
inability to produce enough energy and excessive power production as shown in equation 1.

3.2. PV CELL ANALOGOUS CIRCUIT

The quantity of solar panels interconnected in a Photovoltaic system in series and parallel
determines the voltage, current, open-circuit voltage & short-circuit current.
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Figure 2: PV cell analogous circuit

3.2.1. DC-DC CONVERTER ANALOGOUS CIRCUIT

Figure 3 shows a circuit equivalent to a DC-DC boost converter. Switch 1 is initially
closed, while switch 2 is initially in the open position. Inductor L's (I,) current is now starting
to rise from zero. The inductor current flows to the load at this point while the capacitor
stores the charges, & switch-two is closed and switch one is opened. When the output voltage
is stable, the ON-OFF states of switches 1 and 2 fairly represent the contingent excessive
value of the output voltage current.
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Figure 3: DC-DC converter analogous circuit
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3.3 LOAD (SMART GRID, AC LOAD)

The three-phase electric power system is the industry standard for generating, distributing,
and transmitting alternating current (AC). It is a type of polyphase system, and in most cases,
the most widely used way to transfer power in the world's electrical grids. It is also possible
to use to power large motors and other heavy loads. Results and discussions

Case 1: Mitigation of Sag Signal

The voltage sag to be corrected in order to ensure linear and consistent system operation.
By providing the necessary voltage with the help of UPFC, to meet the needs of the load, the
voltage is rectified. The voltage from the source, injection voltage, and load voltage are all
shown in a sag analysis in Figure 4.

ANFIS is contrasted with the modified sag signal produced by the proposed method.
Signals that are already in use include Adaptive FLC, Reduced order FL, FOPI and FOFL.
The suggested method corrects the sag signal in a time window of 0.15 to 0.3 seconds.
Regarding sag correction, the suggested method performs better than convolutional

alternatives.
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Figure 4: Comparison of sag mitigation
Case 2: Mitigation of Swell Signal

The performance of the suggested method is estimated using the swell condition. By
combining the flaw with the source, the swell condition is introduced into the system.
Examining the swell state, varying the sources, and rating the performances. Additionally, the
injected voltage for the swell signal is compensated using the ANLINE built on the UPFC,
and the compensated load voltage is ultimately reached at 440 V. The swell signal is
decreased in the suggested method over a time interval of 0.15 to 0.3 sec.

In comparison to other techniques, the effectiveness of voltage swell alleviation As can
be observed from this graph, the proposed method is better than ANFIS, Adaptive FLC,
Reduced order FL, FOPI, and FOFL. In comparison to Reduced order FL, Adaptive FLC, and
ANFIS, the swell signal is greatly diminished.
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Figure 5: Comparison of Swell mitigation

6. CONCLUSIONS

This paper described the improvement of PQ carried out by the proper design of control
techniques in a grid-connected RES with the load. The RES's irregularity causes PQ
problems, which the ANT-LION optimization algorithm methodology attempts to address.
The simulation results are used to analyze the various PQ troubles, such as voltage sag and
harmonics, to show how superior the proposed work is. The proposed work's mitigation level
is greater than that of the current algorithms. The percentage of THD, which is 2.07%, is also
examined and contrasted with the THDs of traditional algorithms. In comparison to
traditional algorithms, the suggested technique's UPFC with ANT-LION optimization
algorithm is more effective.

REFERENCES

1.

Ansal, V., 2020. ALO-optimized artificial neural network-controlled dynamic voltage
restorer for compensation of voltage issues in the distribution system. Soft
Computing, 24(2), pp.1171-1184.

Radhika, A., Soundradevi, G. and Mohan Kumar, R., 2020. An effective
compensation of power quality issues using MPPT-based cuckoo search optimization
approach. Soft Computing, 24(22), pp.16719-16725.

Gai, K., Wu, Y., Zhuy, L., Xu, L. and Zhang, Y., 2019. Permissioned blockchain and
edge computing empowered privacy-preserving smart grid networks. /EEE Internet of
Things Journal, 6(5), pp.7992-8004.

Nagaraju, G. and Shankar, S., 2020. Power quality improvement of wind energy
conversion system with unified power quality controller: A hybrid control
model. Transactions of the Institute of Measurement and Control, 42(11), pp.1997-
2010.

Kavuturu, K.V. and Narasimham, P.V.R.L., 2020. Multi-objective economic
operation of modern power system considering weather variability using adaptive
cuckoo search algorithm. Journal of Electrical Systems and Information
Technology, 7(1), pp.1-29.

Malik, S. and Suhag, S., 2020. A novel SSA tuned PI-TDF control scheme for

mitigation of frequency excursions in a hybrid power system. Smart Science, 8(4),
pp-202-218.

ISBN - 978-93-95038-50-8

508



Proceedings of the 5th ISSE National Conference (INAC-05) on
Systems Approach for Self-Reliance in Advanced Technologies (SASAT-2023)

7. Darvish Falehi, A., 2020. Optimal robust disturbance observer-based sliding mode
controller using a multi-objective grasshopper optimization algorithm to enhance
power system stability. Journal of Ambient Intelligence and Humanized
Computing, 11(11), pp.5045-5063.

8. Manuel, R. and Emayavaramban, G., 2022. PALONN: Parallel ant lion optimizer and
artificial neural network for power flow control of the micro grid-connected
system. IETE Journal of Research, 68(2), pp.1225-1242.

9. Thumu, R., Harinadha Reddy, K. and Rami Reddy, C., 2021. Unified power flow
controller in grid-connected hybrid renewable energy system for power flow control
using an elitist control strategy. Transactions of the Institute of Measurement and
Control, 43(1), pp.228-247.

10. ElSayed, S.K. and Elattar, E.E., 2021. Slime Mold Algorithm for Optimal Reactive
Power Dispatch Combining with Renewable Energy Sources. Sustainability, 13(11),
p.5831.

ISBN - 978-93-95038-50-8 509



	Frontpages.pdf
	Blank Page
	Blank Page
	Blank Page



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




