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Abstract

A conquest for Science and also Technology and also the ever-growing planet of innovation trigger
numerous innovations. Currently India demandingly picking to beat non-renewable fuel sources
sparsity issues along with Renewable Energy Sources (RES). Renewable Energy Sources needs
intricate innovations for the usage. Renewable resource resources and also modern technologies
possess prospective to supply options to the enduring electricity troubles being actually experienced
due to the establishing nations. The renewable resource resources like wind power, solar power,
geothermal power, electricity, biomass electricity and also energy tissue innovation may be made use
of to get over electricity lack in India. To overcome the power demand for such a fast-growing
economic climate, India will certainly need an ensured source of 3- 4 times extra power than the
overall power consumed today.

This work reviews different control techniques and proposes a new control technique Optimal
Recurrent Neural Networks (ORNN) based Controller to mitigate the power quality (PQ)
disturbances of power system. In the proposed approach, optimal weight selection is employed for
enhancing the learning procedure of RNN (ORNN). Here, ORNN technique is utilized for selecting
the ideal control signal of grid inverter through optimal adjustments of the control variables in the
power system. The proposed strategy creates the ideal control of the grid inverter which tries to
enhance the power quality of a power system and manage the line voltage by providing reactive
power compensation. This paper reviews several papers with different control strategies applied to
the grid connected inverter.

Key-words: Renewable Energy Sources (RES), Optimal Recurrent Neural Networks (ORNN), The
Power Quality (PQ).
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1. Introduction

The electrical power applications have actually broadened as a result of the broadened usage
of vulnerable digital parts, PCs, programmable reasoning operators, safety and security and also
delivering tools’ due to substantial adjustments in a company domain name. Electric electrical power
units are actually trusted to communicate electrical power source constantly at premium to the clients
[1] due to extending client needs along with the criteria of environment-friendly source all over the
world. When there are actually current or even existing variants current in the energy shipping, the
economic condition of any sort of country faces along with substantial miseries. Breakdown or even
missing out on of function of customer products [2] Existing as well as regularity coming from the
regular ranking is actually managed as an energy top quality (PQ) due to the fact that of any sort of
deviation/disturbances revealed in the current. In substantial amounts of electricity resources, gear
box transformers, pipes and also bunches [3] display in the complementary electrical power systems,
increasing resources of disruptions occur constantly which results in PQ concerns effectively. Direct
exposures to natural disorders like super strikes are actually certainly not standing up to such bodies.
Body components break down; COMPUTER data reduction as well as mind breakdown of vulnerable
tons, as an example, COMPUTER, programmable reasoning operator managements, safety and
security and also delivering tools as well as irregular function of digital managements is actually
resulted in as a result of PQ concerns. To assure greater amount of premium source, for instance,
Uninterrupted energy source (UPS) and also backings as well as to maintain these troubles, customers
will certainly buy on-site devices's although that these are actually costly [1, 4] In the direction of
financial circulation of the power the implication of energy premium is actually shown up.

Concerns, for instance, harmonics, flicker, current dip/swell, current rule, bunch unbalancing
as well as discrepancies in stage in addition to regularity [5-8] are actually misstated as a result of
maintainable power assimilation as well as intelligent gear box units, effectively provided along with
present command materials, increase the uses of nonlinear and also online changed tools in
circulation units. Along with the goal of boosting offered energy premium in newest 20 years [9, 10]
a couple of sound condition electronic/power-electronic gadgets have actually been actually
produced, reflected upon as well as designed to the worldwide scholarly team. As requirements be
actually, the integrity as well as premium of electrical power that is actually imparted to customers is
actually updated due to the FACTS located energy digital operators for circulation units, especially
personalized electrical power units. Most likely one of the most affordable remedies for these type of
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electrical power top quality concerns [11, 12] remain in lots of events, the application of a
Distribution Level Static Compensator (D-STATCOM).

Typically sustained through short-time power kept in the dc web link capacitor,
D-STATCOM is actually a current resource converter (VSC) located gadget. In the circulation
network [13-15], it can easily change for responsive electrical power, tons unbalancing, current
assortments as well as existing harmonics. Made use of for estimate of referral streams, the
implementation of the DSTATCOM trusts evaluation of sensitive and also energetic electrical
powers, accordant streams, and also command formula. To improve the energy premium [18, 19] the
command tactics of DSTATCOM like Instantaneous energy concept [16], simultaneous endorsement
structure idea (SRF), changed concurrent recommendation structure concept (MSRF), instant
balanced command idea [17] and also ordinary system energy element idea (AUPF) have actually
been actually created. The premium of energy units [Twenty] could be affected through those
approaches that unavoidably exist the problems of over or even under payment. Right here, to assist
the management protocol of D-STATCOM, an enhanced recurring semantic network (ORNN)
management plan for multilevel inverter is actually taken advantage of. Obviously illustrated
specifically is actually the planned method. The current investigation job is actually talked about in
segment 2 and also in part 3 detailed description of the suggested strategy is actually discussed. In
area 4, the advised method accomplishment end results as well as the associated conversations are

actually provided as well as area 5 determines the report.

2. Literature Review

Because of the energy high quality upgrade of D-STATCOM using various elements as well
as various technigues numerous research study jobs have actually earlier existed in literary works and
also a part of the jobs are actually checked out below. To perform the functionality of electrical
power high quality compensator, a semantic network located one pattern management protocol for
3P4W DSTATCOM appeared through J. Jayachandran et. al [21] The here and now nerve organs
network-based command technique gets rid of the procedure of computing the referral present as well
as likewise the treatment of current sensing units as well as multipliers, hence helping make the unit
easy as well as strong. The command approach talked about making use of ANN for addressing PQ
concerns yet the complication of the body is actually higher. Due to the fact that ANNs make use of a
great deal of surprise coatings for boosting precision as well as it calls for sizable computational

attempt, it comes to be vital to hunt for semantic network designs without any covert level. Such a
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singular coating practical hyperlink ANN deals with the concealed level and also could be understood
utilizing Chebyshev Polynomials (ChP). P. Chittora et. al [22] have actually utilized ChP located
ANN to make up for PQ complications making use of DSTATCOM. The primary additions of the
newspaper feature the ingenious use Ch ANN formula for accordant existing estimate which has
actually been actually stretched even more for shunt payment. Additional misinterpretation was
actually viewed in Chp in the regularity of insight.

Management of D-STATCOM was actually normally discovered through
Proportional-Integral (Private Detective) operators along with secured guidelines. The total command
functionality might be actually unsuitable as a result of to its own nonlinear construct. D. Amoozegar
et. al [23] have actually offered the blurry reasoning command (FLC) of the D-STATCOM which
attempts to strengthen the damping of an energy unit. H. Tolabi et. al [24] have actually provided a
predisposed comments linearizing (PFL) operator for the DSTATCOM through thinking about the
powerful and also nonlinear choices in of the DSTATCOM. The specifications of the developed
operator are actually tuned based upon the mixture of unclear collection as well as galaxy-based hunt
formula. The here and now procedure strengthens the attributes of the action of the current and also
the operator account at the Point of Common Coupling (PCC). The specifications adjusting procedure
of these operators are actually lengthy as well as additionally it requires offline adjusting along with
modification in device specifications. To manage these concerns, dynamically the Private Detective
operator specifications are actually tuned depending on to the here and now mistake by utilizing
Mamdani located unclear reasoning principle. S. Choudhury et. al [25] have actually developed a
changed Seeker Optimization Approach (SOA) based upon individual looking ability to locate
maximum subscription feature criteria for blurry reasoning to figure out the Private Detective
operator increases. The blurry reasoning operators are actually just made use of in easy setups as well
as their analytical know-how was actually still bad.

To enrich the effectiveness as well as to streamline the operator style, passivity-based
command (PBC) as a nonlinear command has actually been actually explored in electrical power
converters. Y. Chen et. al [26] have actually shown an unique flexible PBC of plunged multilevel
converter-based D-STATCOM combined along with circulation transformer for tool current sensitive
electrical power settlement. A nonlinear PBC was actually developed to attain referral streams
tracking. A flexible command was actually additionally shown to vitiate the results of specifications
disturbance on the functionality of the D-STATCOM. R. Jayaraman et. al [27] has actually
concentrated on application of differential formula of the single-phase source-load system-based
management formula for three-phase DSTATCOM. The here and now command formula was
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actually worked with for removal of vital energetic as well as sensitive present elements of toxified
bunch streams, which are actually utilized for evaluation of referral resource streams. The main
conveniences of the management formula are actually unsusceptible to sound, certainly not affected
coming from DC part that might exist in bunch existing, as well as being actually a lot less influenced
coming from regularity discrepancies. R. Agarwal et. al [28] have actually provided a leaking
minimum indicate 4th (LLMF) management strategy for a single-stage three-phase network
combined SPV-DSTATCOM body. This LLMF command formula was actually a version of a
regular minimum indicate square (LMS) formula coming from a household of flexible filters yet it
experiences 'delaying’ because of reduced input sign. A leak element was actually presented in this
formula which reduces delaying, maintains the body and also offers a fast merging feedback. The
here and now literary works can easily manage the DC bus current of the VSC of the DSTATCOM to
decrease the reaction as well as to lower the overshoot and also undershoot of the Private Detective
operator. They are actually being without in the functionality of operator in conditions of clearing up
opportunity, increase opportunity and also the consistent condition mistake. In literary works many of
the jobs appear to deal with this concern and also the displayed jobs are actually certainly not offering
the competent end results. These drawbacks as well as problems have actually encouraged to carry
out this investigation job.

E. Lei et cetera. [38] have actually provided an unique incorporated design for a cascaded
circulation stationary compensator (D-STATCOM) and also circulation transformer for
medium-voltage responsive energy payment. The three-phase strong winding faucets were actually
symmetrically prepared and also the hookup aspect current may be minimized to fifty percent of the
line-to-line current maximum. Thereby, the current worry for the D-STATCOM was actually lowered
and also a concession in between the current ranking and also the present ranking can be obtained.
The extra ability of the circulation transformer might additionally be actually completely made use
of. The functioning system was actually described and also a tweaked management tactic was
actually suggested for responsive electrical power remuneration. N. Visali Kamarthi et cetera. [39]
have actually reviewed regarding the absolute most vital covering subject matter around the world of
electrical power units was actually servicing of electrical power high quality. After producing current,
the designers in the substations were actually having a hard time for sending and also distributing of
electrical power to the obtaining side, due to the fact that various tons by the end of circulation were
actually quite conscious the changes in the current, disturbances of current as well as harmonics. The

enhancement of Voltage Sag as well as THD utilizing LCL Passive Filter together with the

ISSN: 2237-0722 1723
Vol. 11 No. 4 (2021)
Received: 12-01-2021 — Accepted: 21-06-2021



Distribution Static Compensator (D-STATCOM) which deals with the concept of Voltage Source
Converter (VSC).

A. Gupta et cetera. [40] have actually shown a helpful strategy for boosting the essential
responsive filling functionality of screen assortment unit along with distinct and also concurrent
positioning of DG and also D-STATCOM. Through this approach, the remodeling of current
reliability and also secured essential sensitive packing functionality was actually much higher along
with synchronised positioning of DG and also D-STATCOM along with all filling problems
consisting of bunch development. E. Shoubaki et cetera. [41] have actually offered the u-STATCOM
for energy premium enhancement at the reduced current network. Because, the unit possesses
significant benefits over easy current law tools as a result of its own ability for history accordant
minimization and also great higher integrity energetic as well as sensitive existing shot.

Deepak C. Bhonsle et cetera. [43] have actually illustrated concerning the request and also
functionality analysis of complex filter for electrical power top quality enhancement of power arc
heating system hooked up circulation network. A DSTATCOM utilizing a 5 degree poured H-bridge
converter along with analytical accordant relief inflection have actually existed through A. Al-Emadi
et cetera. [44] Below, the converter works at key regularity as well as its own result carries out
certainly not include greater purchase harmonics which were actually removed through outcome
passive filter tuned along with 11th accordant, thereby observing network code demands. A. Gupta et
cetera. [Forty five] offered an ideal D-STATCOM positioning and also dimension were actually
acquired based upon level of sensitivity methods for a screen circulation unit. A brand new reliability
mark was actually established for superior positioning of D-STATCOM for screen circulation unit.

At presents, the consumption of delicate digital tools has actually broadened which possesses
punctual to PQ concerns. The various PQ disorders are actually noted as adheres to transients,
disturbances, current droop, current growth, current crash, harmonics and so on. To take care of these
PQ concerns unique personalized energy units are actually utilized. DSTATCOM is actually a
customized energy unit made use of for the used of current droop, growth as well as harmonics. The
DSTATCOM is actually swiftly, reliable as well as extremely versatile option for untangle the above
concerns. The DSTATCOM s actually meant for protecting the entire factory along with lots in the
range of some MVA. The DSTATCOM can easily improve the stack current inside number of
nanoseconds. On top of that, along with the suitable current shot viewpoint because minimum
electricity payment, the aim for current feature on which offers the ideal settlement outcome current
of DSTATCOM is actually addressed. The remuneration efficiency of the DSTATCOM that a lot
relies on thereupon control protocol. The command protocols like artificial semantic network (ANN),
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Vol. 11 No. 4 (2021)
Received: 12-01-2021 — Accepted: 21-06-2021



unclear reasoning management (FLC) differential transformative (DE) formula, substitute annealing
(SA) etc, are actually taken advantage of along with the optimal equilibrium of the current droop to
beat the current sag/swell concern. The ORNN, RNN, ANN and also FLC are actually functioning in
based upon the instruction data, so it can not provide the skillful compelling action and also allotted
extra possibility to clear up or even implement on the option canons. The DE as well as SA function
depends upon approximate in attributes thusly it results in infeasible setup along with excessive
computational opportunity. A many arrangements as well as management tactics are actually made
use of for the DSTATCOM; nonetheless, in the command formula demands an assistant assistance
for determining swell/sag/harmonic problem in unit currents to develop DSTATCOM functionality.
An improved method is actually assumed to enhance the DSTATCOM functionality to reduce the PQ
concerns in circulation device. In literary works the majority of the jobs appear to look after this
concern and also the displayed jobs are actually certainly not offering the efficient results. These

downsides and also concerns have actually encouraged to perform this investigation job.

3. Conclusion

This Paper reviews, an ORNN algorithm-based method for RES located network linked
Inverter which upgrades the current reliability of the circulation body. For moderating the electrical
power reduction, THD, current vulnerability problem and also to choose the excellent command
indicator of the inverter, the recommended management protocol is actually made use of. The
recommended ORNN unit achieves success in browsing capability to situate the optimum remedy
because of the responsive energy inconsistency as well as the inflection mark worth along with higher
accuracy. Listed below, due to the planned method, the DC current of the inverter and also responsive
electrical power are actually regulated to always keep the current within the established area. The end
results received from the ORNN strategy were actually distinguished and also those mentioned in the
latest literary works. The incidence and also service premium of the planned approach were actually
distinguished along with various methods. As signified due to the end results obtained, the suggested
technique possesses a straight forward framework as well as simple merging symbolic as well as,
along these lines, might be taken advantage of to address the PQ problem in big electrical power

units.

ISSN: 2237-0722 1725
Vol. 11 No. 4 (2021)
Received: 12-01-2021 — Accepted: 21-06-2021



Acknowledgment

The authors are very thankful for the support from the management of Vignan’s Foundation

for Science, Technology & Research for the successful completion of work.

References

O. Mahela, A. Shaik and N. Gupta, "A critical review of detection and classification of power quality
events", Renewable and Sustainable Energy Reviews, vol. 41, pp. 495-505, 2015.

O. Mahela and A. Shaik, "Power quality improvement in distribution network using DSTATCOM
with battery energy storage system”, International Journal of Electrical Power & Energy Systems,
vol. 83, pp. 229-240, 2016.

M. Saini and R. Kapoor, "Classification of power quality events — A review", International Journal
of Electrical Power & Energy Systems, vol. 43, no. 1, pp. 11-19, 2012

W. Tareen, S. Mekhilef, M. Seyedmahmoudian and B. Horan, "Active power filter (APF) for
mitigation of power quality issues in grid integration of wind and photovoltaic energy conversion
system", Renewable and Sustainable Energy Reviews, vol. 70, pp. 635-655, 2017.

B. Zhou, W. Li, K. Chan, Y. Cao, Y. Kuang, X. Liu and X. Wang, "Smart home energy management
systems: Concept, configurations, and scheduling strategies”, Renewable and Sustainable Energy
Reviews, vol. 61, pp. 30-40, 2016.

K. Muttagi, A. Esmaeel Nezhad, J. Aghaei and V. Ganapathy, "Control issues of distribution system
automation in smart grids"”, Renewable and Sustainable Energy Reviews, vol. 37, pp. 386-396, 2014.

H. Matayoshi, T. Uehara, G. Ludin, A. Sharma, M. Datta and T. Senjyu, "Uninterruptible smart
house equipped with a single-phase dg-transformation system", Journal of Renewable and
Sustainable Energy, vol. 8, no. 2, p. 025101, 2016.

M. Raza, M. Haider, S. Ali, M. Rashid and F. Sharif, "Demand and Response in Smart Grids for
Modern Power System™, Smart Grid and Renewable Energy, vol. 04, no. 02, pp. 133-136, 2013.

M. Buzdugan and H. Balan, "About power quality monitoring in residential grids", Renewable
Energy and Power Quality Journal, vol. 1, no. 15, pp. 569-574, 2017.

I. Riess and A. Leshem, "Odd rectification, hysteresis and quasi switching in solid state devices based
on mixed ionic electronic conductors”, Solid State lonics, vol. 225, pp. 161-165, 2012,

D. Aswathi Krishna and M. Sindhu, "Application of Static Synchronous Compensator (STATCOM)
to enhance Voltage Profile in IEEE Standard 5 Bus Transmission System"”, Indian Journal of Science
and Technology, vol. 9, no. 30, 2016.

Z. Rahman and A. Tiwari, "Enhancement of Voltage Profile by Using Static Synchronous
Compensator (STATCOM) in Power System Networks", SAMRIDDHI: A Journal of Physical
Sciences, Engineering and Technology, vol. 8, no. 2, 2016.

R. Sundaramoorthy and D. Udhayakumar, "Power Quality Improvement in Modified Solid State
Transformer System Using Statcom”, International Journal of Engineering and Computer Science,
2016.

ISSN: 2237-0722 1726
Vol. 11 No. 4 (2021)
Received: 12-01-2021 — Accepted: 21-06-2021



B. Singh, S. Dube and S. Arya, "An improved control algorithm of DSTATCOM for power quality
improvement”, International Journal of Electrical Power & Energy Systems, vol. 64, pp. 493-504,
2015.

S. Mishra and P. Ray, "Nonlinear modeling and control of a photovoltaic fed improved hybrid
DSTATCOM for power quality improvement”, International Journal of Electrical Power & Energy
Systems, vol. 75, pp. 245-254, 2016.

M. Deben Singh, R. Mehta, A. Singh and W. Meng, "Integrated fuzzy-PI controlled current source
converter based D-STATCOM", Cogent Engineering, vol. 3, no. 1, p. 1138921, 2016.

S. Bouafia, A. Benaissa, S. Barkat and M. Bouzidi, "Second order sliding mode control of three-level
four-leg DSTATCOM based on instantaneous symmetrical components theory”, Energy Systems,
2016.

J. Bangarraju, V. Rajagopal and A. Laxmi, "Power Quality Enhancement Using Power Balance
Theory Based DSTATCOM", Advances in Electrical and Electronic Engineering, vol. 14, no. 1,
2016.

G. Ramya, V. Ganapathy and P. Suresh, "Power Quality Improvement Using Multi-Level Inverter
Based DVR and DSTATCOM Using Neuro-Fuzzy Controller”, International Journal of Power
Electronics and Drive Systems (IJPEDS), vol. 8, no. 1, p. 316, 2017.

F. Belloni, R. Chiumeo, C. Gandolfi and A. Villa, "A Series Compensation Device for the LV Power
Quality Improvement”, Renewable Energy and Power Quality Journal, vol. 1, no. 15, pp. 71-76,
2017.

J. Jayachandran and R. Murali Sachithanandam, "ANN based controller for three phase four leg shunt
active filter for power quality improvement"”, Ain Shams Engineering Journal, vol. 7, no. 1, pp. 275-
292, 2016.

P. Chittora, A. Singh and M. Singh, "Chebyshev Functional Expansion Based Artificial Neural
Network Controller for Shunt Compensation”, IEEE Transactions on Industrial Informatics, pp. 1-1,
2018.

D. Amoozegar, "DSTATCOM modelling for voltage stability with fuzzy logic PI current controller",
International Journal of Electrical Power & Energy Systems, vol. 76, pp. 129-135, 2016.

H. Tolabi, M. Shakarami, A. Ara and R. Hosseini, "RETRACTED: Dynamic Modeling and
Controller Design of DSTATCOM in a Microgrid Based on Combination of Fuzzy Set and
Galaxy-based Search Algorithm", Distributed Generation & Alternative Energy Journal, vol. 33,
no. 1, pp. 8-28, 2018.

S. Choudhury, P. Bhowmik and P. Rout, "Economic load sharing in a D-STATCOM Integrated
Islanded Microgrid based on Fuzzy Logic and Seeker Optimization Approach”, Sustainable Cities
and Society, vol. 37, pp. 57-69, 2018.

Y. Chen, M. Wen, E. Lei, X. Yin, J. Lai and Z. Wang, "Passivity-based control of cascaded
multilevel converter based D-STATCOM integrated with distribution transformer”, Electric Power
Systems Research, vol. 154, pp. 1-12, 2018.

R. Jayaraman and A. Victoire, "Implementation of Differential Equation of Single-Phase
Source-Load System Based Control Algorithm for Three-Phase DSTATCOM under Stiff Source”,
Electric Power Components and Systems, vol. 45, no. 18, pp. 1985-1995, 2017.

ISSN: 2237-0722 1727
Vol. 11 No. 4 (2021)
Received: 12-01-2021 — Accepted: 21-06-2021



R. Agarwal, I. Hussain and B. Singh, "Implementation of LLMF Control Algorithm for Three-Phase
Grid-Tied SPV-DSTATCOM System", IEEE Transactions on Industrial Electronics, vol. 64, no. 9,
pp. 7414-7424, 2017.

S. Taher and S. Afsari, "Optimal location and sizing of DSTATCOM in distribution systems by
immune algorithm", International Journal of Electrical Power & Energy Systems, vol. 60, pp. 34-44,
2014,

M. Mahmud, H. Pota and M. Hossain, "Nonlinear DSTATCOM controller design for distribution
network with distributed generation to enhance voltage stability", International Journal of Electrical
Power & Energy Systems, vol. 53, pp. 974-979, 2013.

B. Singh, P. Jayaprakash and D. Kothari, "New control approach for capacitor supported
DSTATCOM in three-phase four wire distribution system under non-ideal supply voltage conditions
based on synchronous reference frame theory", International Journal of Electrical Power & Energy
Systems, vol. 33, no. 5, pp. 1109-1117, 2011.

R. Gupta, A. Ghosh and A. Joshi, "Control of cascaded transformer multilevel inverter based
DSTATCOM?", Electric Power Systems Research, vol. 77, no. 8, pp. 989-999, 2007.

E. Babaei and S. Hosseini, "New cascaded multilevel inverter topology with minimum number of
switches", Energy Conversion and Management, vol. 50, no. 11, pp. 2761-2767, 2009.

S. Mishra and P. Ray, "Nonlinear modeling and control of a photovoltaic fed improved hybrid
DSTATCOM for power quality improvement”, International Journal of Electrical Power & Energy
Systems, vol. 75, pp. 245-254, 2016.

M. Molina and P. Mercado, "Control Design and Simulation of DSTATCOM with Energy Storage
for Power Quality Improvements”, IEEE/PES Transmission & Distribution Conference and
Exposition: Latin America, 2006.

J. Jayachandran and R. Murali Sachithanandam, "Neural Network-Based Control Algorithm for
DSTATCOM Under Non-ideal Source Voltage and Varying Load Conditions", Canadian Journal of
Electrical and Computer Engineering, vol. 38, no. 4, pp. 307-317, 2015.

B. Vijay Kumar and N. Srikanth, "Optimal location and sizing of Unified Power Flow Controller
(UPFC) to improve dynamic stability: A hybrid technique”, International Journal of Electrical
Power & Energy Systems, vol. 64, pp. 429-438, 2015.

M. Rezaei Adaryani and A. Karami, "Artificial bee colony algorithm for solving multi-objective
optimal power flow problem", International Journal of Electrical Power & Energy Systems, vol. 53,
pp. 219-230, 2013.

ISSN: 2237-0722 1728
Vol. 11 No. 4 (2021)
Received: 12-01-2021 — Accepted: 21-06-2021



