
Indonesian Journal of Electrical Engineering and Informatics (IJEEI) 

Vol. 8, No. 2, June 2020, pp. 230~241 

ISSN: 2089-3272, DOI: 10.11591/ijeei.v8i2.1384  230 

  

Journal homepage: http://section.iaesonline.com/index.php/IJEEI/index 

Critical Aspects of AGC Emerging from Optimal Control to 

Machine Learning Techniques 

 

Gulshan Sharma1 and Kabulo Loji2 
1&2Department of Electrical Power Engineering, Durban University of Technology, Steve Biko Campus, Durban 4001, 

South Africa  

 

 

Article Info  ABSTRACT 

Article historys: 

Received June 5, 2019 

Revised Feb 11, 2020 

Accepted May 5, 2020 

 

 With the emphasis towards renewable energy lot more advancement has been 

done in the field of electric energy system and it is expected that future 

energy system may have wind power dominating control areas or hydro 

power be it bulk hydro or micro hydro based power generations in order to 

cater the rising energy demands of the modern society. Hence, automatic 

generation control (AGC) plays a crucial role in the modern electrical energy 

system in order to maintain the frequency standards to nominal value besides 

maintaining the power interchange between the interconnected controls areas 

in order to distribute value and cost effective power. This paper presents the 

literature survey related to some of the critical aspects of AGC such as 

diverse sources power generations, hydro dominating control areas, wind 

power based power generations and applications of flexible alternating 

current transmission system (FACTS) in AGC. This paper also discusses the 

novel control designs based on the concept of optimal control, output vector 

feedback, model predictive control, robust control and finally the machine 

learning based AGC designs are explored and the critical gaps among the 

available research work are well presented and discussed. 
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1. INTRODUCTION 

The control framework is worked in interconnected design at ostensible voltage and frequency. The 

support of these two parameters at the evaluated values is fundamental to realize good proficiency and least 

wear and tear of customer’s equipment’s. The frequency alteration are due to genuine mismatch between 

energy generation and demand though voltage variation are due to up and down requirements of reactive 

power within the system framework. In a control framework dynamic control adjust can be accomplished by 

automatic generation control (AGC) [1-5]. The most objective of AGC is to preserve zero steady-state 

blunder for deviations in frequency and to play down the unscheduled tie-line control trade between 

neighboring zones. In control industry, there has been a ceaseless headway within the plan and execution of 

AGC procedures over a period of more than five decades. It incorporates the application of cutting edge 

control hypothesis to plan AGC controllers based on ideal, sub-optimal control since of its characteristic 

merits over classical control hypothesis. Other than, numerous angles like; parameter varieties, versatile and 

variable structure control, model predictive control (MPC), robust control etc. concepts have been increased 

with AGC considers. Besides, joining flexible alternating current transmission framework (FACT) gadgets 

such as high voltage direct current (HVDC) joins, thyristor control phase shifter (TCPS), static synchronous 

series compensator (SSSC) etc., has been considered in numerous of the ponders. In expansion to this AGC 

ponders has been seen by integration of wind turbines to cutting edge control framework, consolidation of 

BESS, SMES and RFB batteries etc. As of late, broad employments of cleverly strategies such as ANN have 
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been seen picking up the potential applications within the plan and execution of AGC plans. This method is 

much valuable in making a difference control engineers to handle the control framework models that are 

related with non-linearities, unrefined models with lacking data successfully. With expanding complexity of 

the control framework operation due to integration of modern advances and operational techniques, the plan 

of AGC has moreover advanced. Amid final six decades broad investigate endeavors have been made within 

the plan and execution of AGC controllers. These inquire about endeavors driven to the improvement of 

different control methodologies to plan AGC controllers. The commonly utilized AGC methodologies may 

be broadly classified into taking after categories: 

• AGC schemes based on classical control. 

• AGC schemes based on modern control theory. 

❖ Optimal AGC regulator design based on full state vector feedback control. 

❖ Optimal AGC regulator design based on output vector feedback control. 

❖ MPC based AGC regulator design. 

• AGC schemes based on adaptive and variable structure control. 

• AGC schemes based on robust control techniques. 

• AGC schemes based on intelligent techniques. 

All of the over methods have their possess points of interest, restrictions and space of applications. 

A brief writing overview of the existing strategies of AGC and their basic audit are displayed within the 

taking after area. 

 

2. CRITICAL AGC ASPECTS  

The AGC is an imperative perspective of control framework operation and control. The complexity 

of AGC plan depends upon the complexity of the control frameworks and the data accessibility almost the 

state and annoyances of control frameworks. In later a long time there has been developing intrigued within 

the integration of wind vitality to the lattice. This has included modern measurement to the AGC issues. The 

infiltration of wind vitality has persuaded analysts to explore the energetic interest of wind generators in 

frequency control other than customary generators. Considering this angle, few investigations are accessible 

within the writing [6-17]. The affect evaluation of high infiltration wind control to the existing control 

framework is displayed in [6-7].  

From the examinations carried out, it can be uncover that in the event that wind turbines can viably 

take an interest in framework dormancy arrangements, the frequency impact may be altogether relieved. In 

[8], a strategy based on inertial control, control via power reserve technique and control through 

communication strategy is displayed on how a variable speed wind turbine can successfully take an interest 

in frequency control. The concept of discharging the active vitality from a DFIG based wind turbine when the 

framework frequency is low in arrange to avoid the diminishment of framework inactivity is given in [9]. 

This strategy proposes the use of an extra control set point within the control framework of the wind turbine 

and this extra control reference is calculated based on the rate of alter of frequency and dormancy of the 

organize. The extra control discharged by the DFIG based wind turbine underpins the essential frequency 

control. The test comes about of DFIG utilizing back-to-back PWM voltage source converters within the 

rotor circuit are accessible in [10].  

In [11], creators propose the two most imperative concept of a variable speed wind turbine in 

control framework. One is the utilize of a DFIG with a back-to-back voltage source converter bolstering the 

rotor winding and moment may be a coordinate drive synchronous generator which is associated to the lattice 

through a diode rectifier and voltage source converter. In [12], wind turbines works concurring to a de loaded 

ideal control extraction bend such that the dynamic control given by DFIG based wind turbines increments or 

diminishes amid framework frequency changes. The control methodology is misused through combined 

control of inactive converters and pitch control, altering the rotor speed and the dynamic control agreeing to 

the de loaded ideal control extraction bend. In any case, the disadvantage of this strategy is the misfortune of 

income as the wind generator isn't able to create most extreme control.  

In [13], the concept of extricating the dynamic vitality from DFIG based wind turbines which have 

the substance of imitating inertial control and underpins the essential frequency control is displayed. The 

energetic cooperation from DFIG in framework frequency control is analyzed by a frequency control back 

work that reacts relatively to framework frequency deviations and employments the active vitality to make 

strides the frequency of the framework [14].  

The DFIG’s commitment in frequency control is examined utilizing representative setting and 

framework inertial reaction in [15]. In [16], an adjusted inertial control conspire is displayed to have a quick 

control of framework frequency within the wake of alter in load with successful support from DFIG. In [17], 

the DFIG based wind turbines are coordinates to a two-area control framework.  

2.1.  AGC design based on classical control 
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The AGC controllers are planned based on classical control strategy considering especially a 

particular working condition. Be that as it may, the framework energetic execution corrupts when the 

working condition changes. The AGC plans based on classical control methods are straightforward to 

execute and AGC based on these procedures work well in the event that their picks up are ideally decided. 

Considering this, numerous examinations are detailed within the writing [18-23]. In [18], O. I. Elgerd and C. 

E. Fosha had decided the ideal integrator picks up for AGC with classical strategy. J. L. Willems [19] has 

utilized the classical approach to discover the ideal parameters of routine AGC. In [20], Kwatny 

distinguished a few vital issues related to AGC of control framework. T. Hiyama et al. [21] displayed a 

strategy to plan discrete time AGC controllers based on routine tie-line inclination control technique for a 

thermal-thermal control framework with thermal turbines considering framework non-linearity such as GRC. 

In [22], Kothari et al. have recognized a few viewpoints of examined information AGC based on classical 

approach. Afterward, the same creators displayed the AGC issue in nonstop and discrete mode utilizing 

classical approach [23]. The AGC controller plan based on classical control method is restricted to the 

framework having single input and single yield sort [24]. Be that as it may, the structure of control 

framework is of multi input and multi yield sort and the controller plan based on classical approach gets to be 

unsuccessful for such frameworks. The controller based on cutting edge control hypothesis gives 

arrangements to variable structure control frameworks with different inputs and numerous yields. In such 

applications, the plan of AGC controller based certain execution record gives palatable execution for the 

given execution file. 

  

2.2.  AGC schemes based on modern control theory 

The application of present day control hypothesis empowers the plan ideal controllers with regard to 

a given execution file [25-27]. Elgerd and Fosha were to begin with to display AGC controller plans based on 

an expected performance index [28]. The control framework demonstrate comprising of indistinguishable 

thermal control plants having non-reheat turbines are utilized for the studies. In [29], Tacker et al. have 

examined the energetic execution of a two-area control framework with ideal AGC controllers. K. Yamashita 

and T. Taniguchi have dissected AGC issue of control frameworks considering from the perspective of ideal 

control hypothesis [30]. The other calculation was determined by Kothari et al. [31] employing an execution 

file that circumvents the requirement of a load request estimator. In [32], K. P. S. Parmar et al. have explored 

the execution of AGC based on full state vector technique for an interconnected control framework with 

practical limitations. In [33], Ibraheem and P. Kumar have managed a computational approach for the 

arrangement of the network Riccati condition for ideal full state vector control and after that the weighting 

frameworks ‘Q’ and ‘R’ of ideal state control was proposed by Mariano et al. [34]. Afterward, the same 

creators [35] tended to the stabilization and execution of the AGC controllers by utilizing the ideal control. 

M. Nakamura and H. Hatazakia [36] have created an ideal AGC for a hydro warm control framework within 

the summer and stormy season. M. A. Abdel-Halim et al. have planned the ideal AGC controllers for control 

framework whose dynamical conditions contain a backlash component [37]. Be that as it may, the studies 

were constrained to single-area control framework as it were. H. G. Kwatny et al. have clarified the ideal 

AGC definition as a following issue in which vitality source flow and load plays a central part [38]. In [39], 

A. Kanchanaharuthai proposed an ideal tested information AGC controller plan with time duplicated 

execution record based on energetic programming. The outlined AGC controller was utilized in arrange to 

realize not as it were the speedier energetic reaction, such as the incremental frequency deviation, but 

moreover in expanding the structure of examined information ideal AGC controller from the standard ideal 

execution list to the case of time duplicated one. Major portion of the investigate work detailed by the 

engineers/ researchers with respect to the AGC of interconnected control frameworks is restricted either to 

two-area or multi-area control frameworks considering the framework interconnection by means of A.C. 

transmission line as it were. As the power requirements are expanding day by day, the engineers within the 

display circumstances are persuaded to centralize their consideration to produce and transmit gigantic sum of 

electric control through HVDC transmission framework. The commissioning of a HVDC connect in parallel 

with existing AC interface to utilize as an range interconnection between two control ranges has progressed 

the framework soundness to a extraordinary degree [40-42]. In [42], Ibraheem explored the energetic 

execution of control framework utilizing ideal AGC controllers considering the parallel AC/DC tie-lines. 

Afterward on, Ibraheem and P. Kumar proposed the ideal AGC controllers plan for a hydro-hydro 

overwhelming framework with offbeat tie-lines [43-44]. As of late, Ibraheem et al. have proposed the plan of 

ideal AGC controllers in a deregulated environment with offbeat tie-lines considering distinctive sorts of 

electric market transactions [45]. 

From the consider, it is appeared that the outlined AGC controllers have the capability to play down 

the deviations in frequency and tie-line control trades in a unused control framework environment. Assist, the 

framework execution gets way better with parallel AC/DC tie-lines as a region interconnection. In all these 
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thinks about, the control framework models utilized for examinations were comprising of indistinguishable 

two-area having non-reheat, reheat-turbines or hydro turbines. An AGC controller for a two-area control 

framework interconnected by means of nonconcurrent tie-lines with control era through different sources in 

each zone was proposed in [46]. In [47], an AGC controllers based on ideal control was proposed considering 

distinctive aspects of controllability and measurability within the plan. In any case, the study is restricted to a 

control framework demonstrate having two-area as it were. In genuine time working circumstances, the 

interconnected control frameworks are of multi-area sort and comprising of different sorts of eras through 

plants of assorted nature. From the writing overview carried out it is watched that most of the thinks about of 

AGC controllers based on full state vector input control were constrained to indistinguishable two-area 

control framework models having reheat, non-reheat or hydro turbines and lesser consideration has been paid 

to AGC of multi-area control framework with control era through plants of different nature in several zones. 

So also exceptionally few examinations have been done by considering parallel EHVAC/HVDC tie-lines.  

                                 

2.3.  Optimal AGC design on methodology of output vector feedback control 

The ideal AGC controller plan requires the estimation of all the state factors for criticism. This is 

often a genuine impediment since of the reality that estimation of all the state factors is restricted in genuine 

world complex control framework. Beneath such circumstances a few endeavors were made to plan AGC 

sub-optimal and close ideal control of AGC framework with accessible states [48]. Afterward, the same 

creators displayed the plan of sub-optimal control for a non-linear control framework [49]. In this way, AGC 

controller plan utilizing models with diminished orders and neighborhood spectators have been created by A. 

Feliachi for controlling the plants [50]. The observer based plan of decentralized AGC for control 

frameworks have been explored in [51]. In [52], Ibraheem et al. displayed and explored the plan of sub-

optimal AGC controllers which needs as it were effortlessly accessible states for input and contain sufficient 

data approximately the total framework. The examinations uncover that these controllers have lower 

framework solidness edges as compared to ideal AGC controllers. Be that as it may, these controllers are 

taken a toll compelling and they have more noteworthy chance of execution in real world control 

frameworks. Afterward on the same creators displayed the plan of AGC controllers based on sub-optimal 

control considering the diverse structures of ‘Q’ framework and comes about gotten are compared with that 

gotten utilizing ideal control [53]. In [54], Kothari et al. displayed the plan of AGC controllers based on 

effectively accessible yields with differing sources of control era in single range. The outcomes about gotten 

are very promising. In any case, the thinks about are restricted to single zone control framework as it were. 

Afterward on the same creators amplified their work on yield vector input control with multi-source control 

era in each zone of a two-area control framework [55]. E. Rakhshani et al. [56] displayed the decreased order 

estimator for AGC utilizing linear quadratic regulator (LQR) for the control framework where get to to a few 

of state factors is constrained and estimation is outlandish. Afterward on E. Rakhshani [57] too displayed the 

plan of AGC controllers based on yield vector input strategy. 

 

2.4.  MPC based AGC schemes 

MPC is another imperative procedure found to be a proficient control methodology for a number of 

applications in control industry. It has various focal points such as exceptionally quick reaction, vigor against 

parameters varieties and load unsettling influences. Its straight forward plan method is one of the major 

points of interest of this procedure. Be that as it may constrained inquire about endeavors [58-59] were made 

to investigate this procedure for the plan AGC controllers. T. H. Mohamed et al. presents the application of 

this procedure to AGC of interconnected control framework [58]. In [59], M. Khalid et al. show the ideal 

operation of battery vitality capacity framework (BESS) based on MPC procedure in nearness of framework 

imperatives. Afterward on Mohamed et al. examined the MPC based AGC for an interconnected control 

framework with and without consolidation of wind turbines. The execution of MPC based AGC controllers 

was tried against the parameter varieties, load unsettling influences and the results are much way better than 

customary control procedure [60].  

In later a long time the FACTS devices are being coordinates to the control frameworks to realize 

different destinations. These devices coupled with control gadgets based controllers may too contribute 

within the advancement of the energetic execution of AGCs. In Most of the AGC thinks about this angle has 

not been taken into thought. The FACTS such as BESS can successfully soggy out the electromechanical 

motions of the control framework due to capacity expansion which can share the sudden deficiency within 

the control prerequisite [61-62]. In [61], creators proposed the BESS to progress the AGC elements of West 

Berlin Electric Supply Framework. In [62], S. K. Aditya and D. Das explored the positive impact of BESS 

for AGC of control framework. From the examinations carried out it was uncovered that BESS is supportive 

in assembly a sudden alter in load request of framework and can successfully diminish the frequency and tie-

line control deviations. However, the problem of low discharge rate, increased time requirement for power 
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flow reversal have led to advancement of superconducting magnetic energy storage (SMES) as compelling 

stabilizer in control framework [63-67]. S. C. Tripathy et al. explore the execution of adaptive controlled 

SMES as compared to non-adaptive SMES and it has been watched that when SMES control is adaptive, the 

execution of the framework is uncaring to parameter varieties [63]. Afterward on the same creators examined 

the impact of SMES on AGC considering the framework non-linearities such as dead-band of governor, 

limitation of reheat and boiler dynamics [64]. In [65], S. C. Tripathy et al. explore the AGC execution in 

tested information mode with SMES. R. Abraham et al. [66] examine the AGC issue of a hydro-thermal 

control framework with consolidation of SMES units.  

From the examinations carried out, it can be uncover that SMES unit fitted in both the regions 

progresses the energetic execution of the framework taking after a load unsettling influence in either of the 

ranges. In any case, the SMES impact is restricted to the region in which it is found and has nearly no back to 

support control of other regions. Within the setting of advanced control frameworks with competitive trade 

environment, the slant is to move forward the control exchange capability of existing transmission lines. The 

later advancement of FACTS such as TCPS, SSSC, inactive VAR compensation etc., have made it 

conceivable to exchange more control through existing lines as compared to developing unused ones. These 

devices are effectively connected in control framework to make strides the relentless state and energetic 

execution and to fine control the stream of control in either headings [68-72]. In [69], P. Bhatt et al. explored 

the impact of thyristor control phase shifter (TCPS) and SMES in AGC thinks about. Afterward P. Bhatt et 

al. [70] explored the AGC issue of multi-unit all hydro framework and illustrated that frequency is 

profoundly touchy to load irritation and framework gets to be unsteady indeed for a sudden load annoyance 

due to higher reaction times related with hydro generators. Be that as it may, when a TCPS is introduced in 

arrangement with the tie-line in coordination with SMES units introduced in each region of hydro ruling 

control framework, the energetic execution of AGC controller is significantly progressed. The same creators 

moreover explored the energetic execution of diverse control framework models in coordination control of 

TCPS and SMES [71]. The SMES innovation is exceptionally costly and has operational issues due to 

complex equipment and so more reasonable lossy magnetic energy storage framework (LMES) can be a 

successful elective. LMES is conservative, upkeep free, solid and long-lasting [73]. S. C. Tripathy proposes 

the capacitive energy storage (CES) framework for AGC issue of an interconnected control framework [74]. 

The thought behind the examination was that, a little rating CES unit can viably soggy the deviations and is 

less expensive and less misfortunes as compared to SMES and LMES units. S. Jalilzadeh et al. [75] displayed 

the comparative execution of CES and SSSC considering different setups for AGC issue of multi-unit control 

framework. From the examination carried out it was concluded that the combination of AGC and CES is 

predominant as compared to other arrangements in terms of slightest overshoot and settling time. As of late, 

I. A. Chidambaram et al. explored the coordination control of redox flow battery (RFB) and interline power 

flow controller (IPFC) in AGC. The investigations uncover that the energetic execution of control framework 

moves forward to an extraordinary degree by appropriate putting of RFB and IPFC in arrangement with the 

transmission line [76].  

From the over writing study, it has been watched that most of the thinks about were constrained to 

indistinguishable two-area or multi-area control framework models having reheat or non-reheat turbines and 

lesser consideration have been paid to AGC of control framework having hydro turbines which have broadly 

distinctive characteristics from thermal turbines. FACTS have the capability to move forward the execution 

of such control framework models within the wake of alter in load request. Considering this, exceptionally 

few investigations are accessible within the writing and it needs advance change. On the other side, the AGC 

controller plan based on full state vector input control requires all the state factors for criticism. Be that as it 

may, it is incomprehensible to have all the state factors open and quantifiable in genuine control frameworks. 

This issue can be overcome by output vector feedback control, which needs as it were effectively accessible 

yields for criticism. Besides, small consideration has been paid to plan AGC controllers based on output 

vector feedback control for a multi-area control framework with control era through plants of differing nature 

associated through EHVAC as well as HVDC tie-lines and exceptionally few endeavors have been made in 

AGC thinks about to plan AGC controllers for a hydro-thermal control framework interconnected by means 

of parallel EHVAC/HVDC tie-lines with viable cooperation from DFIG based wind turbines in conjunction 

with ordinary generators. On the other side, MPC shows up to be exceptionally successful and productive 

control procedure for a number of applications in different businesses. Its straight forward plan is one of the 

greatest preferences of this method. The imperatives can be forced on inputs as well as yields which makes it 

a proficient control procedure for AGC. From the accessible writing, it has been watched that exceptionally 

small consideration have been paid to plan AGC controllers utilizing MPC method with energetic 

cooperation from DFIG based wind turbines with facilitated operation of Realities. Encourage, in most of the 

thinks about proposed so distant for AGC, the AGC controller execution is decided on step load unsettling 

influence strategy. In any case, this strategy does not legitimize the application of AGC controllers for real 
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control frameworks. In commonsense control frameworks, the load changes concurring to customers’ load 

request. Subsequently, plan of AGC ought to take under consideration the variety of load by short term load 

forecasting (STLF) [77-81]. Considering all these issues, the MPC based AGC controller plan needs advance 

examinations for a two-area control framework with energetic support from DFIG based wind turbines in 

coordination control of Truths and for a multi-area control framework interconnected by means of offbeat tie-

lines utilizing STLF. 

 

2.5.  AGC schemes based on adaptive and variable structure design 

The AGC controller plans for control framework talked about over are based on ostensible 

framework parameters. The values of the framework parameters alter due to natural impacts, maturing of 

framework components and changes within the working conditions of the framework. Subsequently, the 

AGC controller plan based on genuine framework parameters may not be truly ideal in case of parameter 

varieties and vulnerabilities. This may comes about in weakening of energetic execution of control 

framework and may misfortune the framework soundness. To overcome this, a few creators have proposed 

versatile and variable structure based AGC controller plan [82-91]. Pan et al. proposed a versatile control 

procedure to meet the hyper soundness condition prerequisites considering plant parameter varieties [82]. In 

[83], creators proposed versatile control methodology for a multi-area control framework. Diminished 

arrange versatile AGC controller plan for interconnected control framework is additionally accessible within 

the literature [84]. A self-tuning calculation for AGC to supply promising execution for a wide run of 

working conditions was detailed by Lee et al. [85]. In [86], Talaq and Al-Basri proposed a versatile pick up 

planning approach for AGC issue of interconnected control framework. The results about gotten are very 

promising by these sorts of versatile controllers. In any case, these calculations are complex and require 

online recognizable proof of framework demonstrate. A few creators connected the concept of variable 

structure control strategy to plan AGC controllers [87-90]. In [91] moreover, Q. P. Ha et al. proposed a 

variable structure based AGC controller plan for electric control system. This approach combines the concept 

of variable structure and fuzzy tuning to realize tall level of execution and vigor. The AGC outcomes are 

very promising. In any case, the complexity of variable structure control method and related chattering issue 

may be the reason that these controllers are not effectively executed in AGC applications. 

 

2.6.  AGC schemes on robust control design  

In genuine time applications of control framework, distinctive zones contain distinctive sorts of 

vulnerabilities and unsettling influences due to changes in framework characteristics, parameter varieties, 

load changes, blunder in modeling and linearization. Hence, a few creators proposed the plan of AGC 

controllers utilizing strong control methods [92-98] to overcome these issues and to supply a more successful 

arrangement for AGC. In [92], Wang et al. proposed the strong control plan based on Riccati condition 

approach for AGC of control framework to bargain with the framework instabilities in a more productive 

way. In [93], A. M. Stankovi et al. proposed a vigorous control plan based on quantitative input hypothesis 

which offers a deliberate environment for plan and investigation considering physical understanding of the 

control framework. Afterward on a vigorous control plan utilizing H∞ control method joining framework 

parameter varieties was proposed by M. Karrari et al [94]. The outlined controller is fruitful in giving great 

execution for all permissible plant parametric vulnerabilities. In [95], Azzam proposed a vigorous controller 

plan based on closed-loop eigenvalues which have least affectability to plant parametric varieties. In [96], 

Shayeghi et al. created strong controller based on µ-synthesis and examination procedure considering plant 

parametric vulnerabilities and outcomes are compared with ordinary PI controller for a wide extend of 

parametric varieties in nearness of GRC. In [97], Azzam and Mohammed proposed a strong control plan 

based on Q-parameterization hypothesis. All over vigorous control methods appear great energetic execution 

for all plant parametric changes. Be that as it may, most of these methods were based on state criticism 

strategy and it is truly troublesome to have all the state factors accessible for input in genuine circumstances 

and troublesome to realize them in down to earth control framework. 

 

2.7.  AGC schemes depend on intelligent techniques  

For the most part, in AGC considers the non-linear plants are approximated by decreased arrange 

direct models of control framework. These models are substantial inside certain particular working conditions 

and a distinctive show may be required as before long as the working condition changes. In later a long time 

the application of ANNs has been explored within the design of AGC controllers to manage up with 

changing working situation and nonlinearities of the control frameworks [99-113]. B. Franoise et al. 

proposed multi-layer perceptron (MLP) neural systems for AGC of control framework prepared through back 

back propagation through time algorithm [99]. The results are very promising. In [100], Douglas et al. 

displayed a self organizing Kohonen ANN to classify the unsettling influence into long term and brief term 
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one and thus, choose whether AGC will be enacted or not. In [101], Chaturvedi et al. illuminated the AGC 

issue by utilizing the generalized neural network approach to abdicate superior framework temporal 

execution as compared to conventional ANN. In [102], Ahamed et al. proposed the reinforcement learning 

algorithms for finding the ideal arrangement of an AGC issue. Afterward the same calculation is utilized in 

[103] with GRC. In [104], the same creators made strides the energetic execution of control framework 

employing a radial basis function (RBF) networks trained through reinforcement learning. In [105], both 

RBF and hybrid fuzzy neural systems are utilized where the framework is linearized around an working point 

to demonstrate the non-linear control framework. In [106], Demiroren et al. displayed the MLP neural 

systems based AGC of an interconnected control framework in nearness of dead-band and GRC. Be that as it 

may, the outcomes are constrained to two range control frameworks as it were. Afterward on the same 

creator amplified their work to multi-area control framework [107]. In [108], the same creator joined the 

SMES in control framework show to move forward the framework execution with ANN controller. As of 

late, the strong control approach are utilized by a few of the analysts to prepare the ANN based AGC 

controllers [109-110]. Shayeghi et al. displayed the thought of H∞ procedure to prepare the spiral premise 

work neural systems beneath different working conditions [109]. In [110], the same creator consolidate the 

plan of µ-synthesis for preparing of MLP neural systems for AGC of control framework to attain improved 

level of strong execution for all permissible vulnerabilities beneath wide run of working conditions. In [111], 

Saikia et al. have examined reinforced learning ANN based AGC controllers for a multi-area hydro-thermal 

control framework. A comparative think about of versatile controllers based on energetic neural systems was 

proposed by Oysal [112]. Be that as it may, the ANN design utilized in most of these thinks about are MLP 

neural systems in which there's no criticism from the yield of one layer to the input of prior layers of neurons. 

These systems have no memory, as the yield at any moment depend completely on the inputs and the weight 

at that moment. Assist changes can be achieved by employing a course of neural organize which has memory 

such as repetitive neural systems. These sorts of systems have at slightest one criticism association from the 

yield of a layer to its input so that enactment work can stream in a closed circle in this way shaping a 

repetitive association. The criticism is postponed in time so that organize can store its past behavior. These 

systems show characteristics comparative to short-term memory, as the yield of the system depends on both 

the current and earlier inputs [113]. In recurrent ANN the data approximately the past behavior of the 

framework gives an interesting depiction of its future behavior. Hence recurrent ANN systems can be 

successfully utilized in AGC controller plan. 

Support Vector Machines (SVMs) is another lesson of machine learning methods which has great 

work estimation and classification capabilities [114]. SVMs have way better generalization capability than 

the customary neural systems. The SVM can perform nonlinear classification errand by employing a bit. The 

part maps the non-linearly divisible information to straightly divisible information into a high dimensional 

highlight space. Analysts have utilized the SVMs in numerous applications such as movement control of 

robot [115] and stator blame determination for induction engines [116]. The initial SVMs requires fathoming 

quadratic programming which needs long time computation and needs amazingly huge memory. To unravel 

this disadvantage, different strategies are proposed such as least squares support vector machine (LS-SVM) 

[117] and midpoint approval strategy for SVMs [118]. Among them, LS-SVM develops as an effective 

computational strategy. The LS-SVMs is prevalent to conventional SVMs in terms of basic calculation, great 

exactness and quick merging [119-120]. An application of LS-SVM to ideal control of non-linear framework 

is given in [121]. 

From the writing study carried out, it has been watched that the AGC controllers plan based on ideal 

and sub-optimal control works exceptionally well on genuine framework parameters and fizzled to supply the 

required energetic execution for framework parametric varieties. Considering this issue, a few creators have 

proposed the AGC controller plan based on strong control procedures, which guarantee the generally 

solidness of the framework for wide run of parameter varieties. Be that as it may, these controllers were 

fixed, based on state criticism strategy and fizzled to supply the required framework energetic performance 

for a wide extend of working conditions. To overcome these disadvantages, application of ANNs has been 

explored within the plan of AGC. The ANN has the capability to plan AGC controllers which can work 

viably for inconspicuous information and for all permissible parametric instabilities beneath differing 

working conditions. Be that as it may, the foremost of the considers proposed so distant for AGC were based 

on MLP ANN and no consideration has been paid to plan AGC controllers based on recurrent ANN 

engineering for AGC of an interconnected control framework.  

The recurrent ANN systems appear to have more potential than MLP due to its past behavior 

capacity capability which is exceptionally valuable in predicting future behavior. Within the writing the 

potential of recurrent ANN organize has not been abused for AGC application. The SVMs is another lesson 

of machine learning strategies which has risen as an effective strategy with great work guess and 

classification capabilities. Among different variations of SVMs, the LS-SVM is prevalent to conventional 
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SVMs in terms of straightforward calculation, tall accuracy and quick joining [119-120]. The LS-SVM has 

the capability to plan non-linear AGC controllers for cutting edge control frameworks which are non-linear, 

huge, and complex. 

 

3. CONCLUSIONS 

On the premise of basic survey carried out within the field of cutting edge electric vitality 

framework i.e. AGC; the taking after conclusions are drawn:  

It is watched that most of the ponders of AGC controllers based on full state vector feedback control 

were constrained to indistinguishable two-area control framework models having reheat, non-reheat or hydro 

turbines and lesser consideration has been paid to AGC of multi-area control framework with control era 

through plants of different sorts completely different zones. So also exceptionally few examinations have 

been done by considering parallel AC-DC tie-lines. 

From the survey, it is additionally watched that lesser consideration has been paid to plan AGC 

controllers based on output vector feedback control strategy for control framework which are hydro 

overwhelming and have FACTS associated to progress system performance. Encourage, it is additionally 

found that small consideration has been paid to plan AGC controllers for a multi-area control framework with 

control era through plants of different sorts associated through EHVAC as well as HVDC tie-lines and 

exceptionally few endeavors have been made in AGC ponders to plan AGC controllers for a hydro-thermal 

control framework interconnected by means of parallel EHVAC/HVDC tie-lines with compelling support 

from DFIG wind era. 

Advance, the MPC based AGC controller plan needs advance examinations for present day control 

framework with energetic interest from DFIG based wind turbines in coordination control of actualities and 

for a multi-area control framework interconnected by means of offbeat tie-lines. Besides to create the AGC 

valuable for viable control framework the plan of AGC ought to moreover explore the variety of load by 

STLF. 

It is additionally found that ANN based AGC have the capability to handle differing working 

conditions and non-linearity of control frameworks in an improve way. In any case existing ANN (MLP) 

based strategies requires appropriate choice of covered up layer, number of neurons per covered up layer and 

thorough information set for preparing. The recurrent ANN have much way better generalization capability 

than MLP and can be successfully utilized in AGC controller plan.  

LS-SVM is course of machine learning procedures which has fabulous work guess and classification 

capabilities. The LS-SVM has been effectively utilized within the plan of ideal controller for the non-linear 

control framework. In any case, its pertinence for the plan of AGC may demonstrate to be a compelling plan 

procedure for cutting edge and complex control framework having control era through discontinuous 

renewable innovations. 
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