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Abstract: The primary goal of this article is to create a tuned secondary controller to control the 12 

system frequency in a networked microgrid system. Renewable energy sources (RES), energy-stor- 13 

ing units (ESU), and synchronous generators are all part of the proposed system. The RESs include 14 

photovoltaic (PV) and wind turbine generator (WTG) units. The ESU is made up of a flywheel and 15 

a battery. Because renewable energy sources are not constant in nature, their value fluctuates from 16 

time to time, causing an effect on system frequency and power flow variation in the tie line. To 17 

address this situation, a Proportional integral derivative (PID) controller based on the Mayfly Algo- 18 

rithm (MA) is proposed and built. Comparing the response to Genetic algorithm (GA), Differential 19 

Evolution (DE), and Particle swarm optimization (PSO) technique-optimized controller perfor- 20 

mance demonstrates the superiority of MA-tuned controller performance. The results of the valida- 21 

tion comparisons reveal that the implemented MA-PID controller delivers and is capable of regu- 22 

lating system frequency under various load demand changes and renewable energy sources. The 23 

robustness analysis test was also performed to determine the effectiveness of the suggested optimi- 24 

zation technique (1%, 2%, 5%, 10% Step load perturbation (SLP), ±25%, ±50% variation from nominal 25 

governor and reheater time constant). 26 

Keywords: Mayfly algorithm, load frequency control, secondary control, frequency deviation, PID 27 

controller. 28 

 29 

1. Introduction 30 

The installation of renewable energy sources solves the problems caused by conven- 31 

tional energy sources in the environment during electric power generation and matching 32 

sudden load demand situations. Pollution is a big issue in the environment, and one of 33 

the sources of pollution is electric power generation. The traditional techniques of gener- 34 

ating electricity cause environmental degradation. To reduce pollution, RESs (solar and 35 

wind power plants) are being introduced into the power generation sector. One of the key 36 

causes for the penetration of RESs is shortage of fossil fuels. The inclusion of RESs is a 37 

difficult undertaking because RESs are typically non-linear power-generation sources. 38 

When incorporating RES into the electricity grid, numerous quality challenges arise, no- 39 

tably oscillation of system frequency. In order to overcome this crisis, the Load Frequency 40 

Control (LFC) method is used to maintain frequency standards in the power system, and 41 

secondary controller is required to implement in the scheme to preserve frequency stabil- 42 

ity [1], [2], [5].  Especially it maintains the frequency stands and important parameters in 43 

the frequency (settling time and stability). Settling time is the time required to bring the 44 
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frequency oscillation into a predefined value. Stability is maintaining the predefined val- 45 

ues in frequency at sudden loading conditions.  46 

Many researchers have researched the problems, which are mentioned in the litera- 47 

ture review. The frequency stability of an isolated microgrid (MG) system is investi- 48 

gated in [1] using a coefficient diagram approach - PID accelerator controller, and the per- 49 

formance compared with published PID and 2DoF-PID controllers. In [2] the author de- 50 

signed a fuzzy PID controller as a secondary controller for a multi-microgrid, the result of 51 

a conventional PID controller used to validate for supremacy of the proposed controller. 52 

In [3] used a fuzzy tilt integral derivative controller for frequency stabilization of a hybrid 53 

MG, improvement of the proposed controller is proved from the result comparison of the 54 

classical PID and fuzzy PID controller. In [4], author invented the Slap Swarm Optimiza- 55 

tion (SSO) technique adjusted cascade (PI – PD) controller to regulate the system fre- 56 

quency of MG with an electric car and robustness test is conducted. Author [5] used self- 57 

tuned FPID to study solar and wind-integrated microgrids. In [6] a renewable energy- 58 

based microgrid combined with a pumped energy storage unit is subjected to LFC via an 59 

artificial sheep algorithm calibrated PI controller, also the robustness test is conducted for 60 

the feasibility. In [7], a PI controller examines a distributed generation (DG) system with 61 

a wind turbine generator, Ziegler-Nichols method response compared with proposed con- 62 

troller for supremacy. Author, [8] investigates an interconnected microgrid by a multi- 63 

verse optimization-based FPID controller, fuzzy PID and PID controller response was 64 

compared with the proposed controller. The author [9] proposed a novel chaotic crow 65 

search algorithm for a hybrid microgrid, and the conventional integral controller is uti- 66 

lized for the result comparison. PSO - PID controller built by the author for a microgrid 67 

[10], the performance of the proposed controller was compared with conventional PID 68 

controller. In [11], a modified black hole optimization approach based on multi-objective 69 

fractional order fuzzy PID was devised, and the real-time data has compared with the 70 

proposed controller performance. 71 

 In [12], the author investigates PV and energy storage systems combined with mi- 72 

crogrids using the virtual area control error approach. The performance of the Grey wolf 73 

optimization (GWO) approach adjusted PID controller has implemented to a microgrid is 74 

integrated with the thermal power plant in [13], genetic algorithm, PSO, and ACO tech- 75 

nique tuned PID controller result was compared with the proposed controller. In [14], 76 

multivariable generalized predictive control theory was used to implement LFC in MG 77 

(wind + EV), this study also includes the performance of PID and fuzzy controller for su- 78 

premacy of the proposed controller. The author [15] presented a mouth flame optimiza- 79 

tion method-based FPID controller for a microgrid, for the fusibility of MFO – FPID con- 80 

troller results was compared with classical controllers. In [16], an Imperialist Competitive 81 

Algorithm (ICA) tuned cascade controller (c-PIDF) was implemented as a supplementary 82 

controller in a microgrid. To justify the efficacy of the ICA – cPIDF controller, the perfor- 83 

mance was compared with genetic algorithm and cuckoo search algorithm - based con- 84 

trollers. PSO - PID controller was used to study RESs integrated multi-source power grid 85 

in [17]. To justify the improvement of the PSO – PID controller, results have been com- 86 

pared with the conventional PID controller. A cascade PI-TID controller deployed as a 87 

supplementary controller in an isolated microgrid consisting of wind, biogas, and bio- 88 

diesel using Harris hawk's optimization technique in [18], also the results have been com- 89 

pared with TID and PID controller performance. In [19], MPC was used to examine the 90 

LFC in a wind energy-based MG and conventional PID controller performance was com- 91 

pared with MPC controller performance. In [20], the performance of a hybrid microgrid 92 

was investigated by a biogeography-tuned PID controller, also the performance was com- 93 

pared with the conventional method PID controller. In [21], a wind power-based hybrid 94 

power system with a moth swarm algorithm-based PID controller is examined for LFC, 95 

this study extended to with/without SMES performance analysis. In [22], the MA - PID 96 

controller is implemented to a standalone power network as a tributary controller. The 97 

superiority of the Mayfly algorithm is justified by the result comparison of the GA and 98 
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PSO techniques. The Mayfly algorithm is used in a variety of applications, including pro- 99 

ton exchange membrane fuel cell modelling [23], [24]. In [25], MPC was used to forecast 100 

the microgrid. [26] uses the WHO approach to maintain voltage stability in the power 101 

supply. In [27], ANN is used to improve the stability of a wind-form integrated power 102 

grid. [28] used hPSO and GWO to analyze the performance of a PV panel.  103 

The response of a multi microgrid evaluated by the atom search optimization (ASO) 104 

adjusted PID controller and the results was compared with GA and PSO - PID controllers 105 

by the author in [29]. In [30] the Ziegler Nichols approach tuned PID controller is used as 106 

a subordinate controller for a stand-alone microgrid system with wind and an MPPT- 107 

based solar plant. SSO - FPID controller developed in [31] for the LFC of a microgrid made 108 

up of solar PV, wind turbine, bio-gas, and bio-diesel to regulate system frequency. The 109 

performance was superior to that of a traditional PID controller. In [32], the author con- 110 

structed a PID controller tuned by the Honey Badger Algorithm (HBA) for a microgrid 111 

that includes PV, wind turbine, bio-gas, and bio-diesel unit. A law-based sliding mode 112 

controller is constructed for the LFC of a microgrid (wind/hydrogen/battery DC mi- 113 

crogrid), and a comparison study demonstrates the dominance of the suggested control- 114 

ler. [33]. A comparative literature survey is dispatched in Table. 1, attempt to analyze the 115 

research gap in the LFC of microgrids. 116 

 117 

Table 1: Comparative literature survey 118 

Ref. 

No 
Optimizer 

Control-

ler 
Control area Source Comparative study 

[6] Artificial Sheep algorithm PI Microgrid Pumped storage, RESs Robustness study 

[9] Chaotic crow search algorithm PID two areas MG 
Thermal, solar, wind, EV, 

ESS 
Conventional I controller 

[10] Particle swarm optimization PID Isolated MG PV, wind, FC, BESS Conventional PID 

[11] Black hole optimization FPID Isolated MG Wind, PV, flywheel, EV Multi- objective PID 

[13] Grey wolf optimization PID hybrid MG Thermal, PV, BESS, wind GA-PID, PSO-PID 

[16] 
Imperialist Competitive Algo-

rithm 
PID multi MG Thermal, DEG, FESS, BESS GA and CSA - PID 

[17] Particle swarm optimization PID Single area Thermal, solar, wind Conventional PID 

[18] Harris hawks optimization PI Isolated MG PV, wind, biogas, biodiesel GOA, CSA and GA - PID 

[20] Biogeography optimization PID hybrid MG 
Wind, PV, diesel, FESS, 

ESS 
Conventional - PID 

[21] Moth swarm algorithm PID Single area Wind Effect of SMES 

[22] Mayfly Algorithm PID Single area Thermal, hydro, gas GA, PSO - PID 

[40] Atom search optimization PID Multi MG PV, wind, diesel GA, PSO - PID 

[41] Ziegler Nichols PID Single area Wind, Solar Conventional-PID 

[42] Slap swarm optimization FPID Isolated MG PV, wind, biogas SSO - PID 

[43] Honey Badger Algorithm PID Isolated MG PV, wind, biogas, biodiesel Conventional-PID 

[44] Quick reaching law PID Isolated MG Wind, battery Conventional-PID 

 119 

 120 
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The process of identifying gaps in research effort is known as a literature review. The 121 

review in this study reveals that the penetration of RESs in the power-generating sector 122 

has increased in recent days. The implementation of the RESs is fraught with difficulties. 123 

Wind, PV, energy storage devices, and other components comprise the MG power system 124 

/ hybrid power system. Maintaining system stability is critical when integrating RESs into 125 

the existing power grid. In this regard, numerous academics have created a variety of 126 

secondary controllers, and computational / optimization procedures are suggested for op- 127 

timization of the controller's parameters. Finally, in this study, an MA- adjusted PID con- 128 

troller was proposed and implemented. 129 

1.1. Research gap and motivation 130 

Conventional power systems and renewable energy sources are applied for generat- 131 

ing the required electric power for all consumers with good quality. But in recent days 132 

because of air pollution and shortage of raw material power generation moved from the 133 

conventional source to renewable energy sources for generating electric power for con- 134 

sumers. Also, renewable-based generating power is included with conventional power by 135 

designing a microgrid system to balance load demand. All these are discussed and shown 136 

in the above literature review section as well as Table 1. Whenever rapid load demand 137 

arises in the microgrid, fluctuations in system frequency and produced voltage impact the 138 

quality of generated electricity. To overcome these issues several secondary controllers 139 

and energy storage techniques are designed and effectively implemented. The same de- 140 

sign of the controller also utilized several optimization techniques to design controller 141 

gain values with a suitable cost function.  To overcome the drawbacks of conventional 142 

power systems and the requirement of a secondary controller in this proposed article mi- 143 

cro grid system is designed (conventional + Renewable Energy Source + Energy Storage 144 

system) with a secondary (PID) controller for frequency stabilization during emergency 145 

load situations.  146 

The foremost objective of these studies presented in the literature review section is to 147 

reduce time domain specification parameters (settling time, steady state error, peak over, 148 

and undershoot) in the power generating systems during unexpected load changing situ- 149 

ations. Based on that still, any algorithm-based controller doesn’t provide better-con- 150 

trolled response. For that, the design of a suitable controller with superior optimization is 151 

required for better LFC performance in power systems during sudden load demand con- 152 

ditions.MA algorithm is a recently developed optimization technique and it is an easily 153 

implemented method for solving both continuous and discrete problems. Similarly, this 154 

algorithm rarely gets stuck in local optimum points [38]. The advantage of proposed the 155 

MA is MA has fast convergence and convergence rate. The nuptial dance, and random 156 

flight improve the balance among exploration and exploitation. Based on this potential 157 

the MA technique is motivated for the design of PID controller in the proposed mi- 158 

crogrid/multi microgrid for performance improvement. 159 

1.2. Innovation of the article 160 

The Mayfly algorithm is a well-known and efficient optimization tool for solving com- 161 

plex optimization real-time problems. In this work Mayfly, an optimization technique is 162 

applied to the tune the controller parameters in a microgrid/multi-microgrid power sys- 163 

tem to provide quality power to the consumers during sudden load demand situations. 164 

1.3. The main Contribution of the article 165 

• Towards developing a microgrid and multi microgrid incorporated with RESs 166 

(PV and wind) and energy storage system. 167 

• To develop a suitable secondary controller (PID) for the proposed power system.  168 

• Utilize the projected Mayfly Algorithm for controller gain parameters tuning to 169 

regulate the system operation during sudden load demand situation. 170 
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• To explain the enhanced response of the MA optimized controller (Over GA, PSO, 171 

and DE method designed controller). 172 

• To conduct the robust and sensitivity analysis for showing the supremacy of pro- 173 

posed algorithm for tuning of gain values of controller in situations. 174 

1.5 Implication of the article 175 

• RESs based microgrid is investigated.  176 

• Mayfly algorithm utilized to optimize the proposed auxiliary controller.  177 

• Both SLP and Random load pattern (RLP) load interruption is provided to the 178 

system and supremacy is verified by the response comparison with GA, PSO, and 179 

DE technique and robustness test.   180 

2. Proposed System Modelling 181 

In this section the designs of the proposed isolated microgrid and an interconnected 182 

microgrid are discussed. 183 

2.1 Micro grid (MG) 184 

A microgrid is created by combining thermal, PV, wind, and energy storage systems 185 

(BESS, FESS). The governor and turbine are part of the thermal power plant. Figure.1. 186 

depicts the general construction of an Alternating current (AC) microgrid. The appendix 187 

contains the nominal parameters of the proposed system model [34]. The mathematical 188 

function of the proposed system model is given in equations 1 to 7, and the transfer func- 189 

tion model of the investigated system is shown in figure 2 [34]. In figure 2, B denotes the 190 

biasing constant, R represents the regulator constant, del P is small load disturbance, f 191 

represents system frequency and ∆f denotes the change in frequency. 192 
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 193 

Figure. 1. The general structure of an AC microgrid 194 
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 195 

Figure. 2. Transfer function model of MG. 196 

2.2 Thermal power plant 197 

Mechanical power is generated in a thermal power plant using steam power, a re- 198 

heater unit, and a turbine. The generator uses this spinning power to generate electricity. 199 

The governor of a steam turbine is one of the primary components that controls and reg- 200 

ulates the turbine's speed depending on feedback response. The governor output signal 201 

regulates the flow of steam to the turbine by controlling the position of the nozzles in the 202 

turbine [13]. The Laplace function of the units in a thermal power plant is given in equa- 203 

tions 1 and 2 In that Tg and Tt are denoted as the governor and turbine time constant 204 

respectively.  205 

Governor (Thermal power system)  = 1

1 gsT+
      (1) 206 

                 Turbine (Thermal power system)       = 1

1 tsT+
                   (2) 207 

2.3 Wind farm 208 

A wind farm refers to a group of windmills. Wind energy is a zero-emission energy 209 

source for generating electricity. Wind turbines transform wind energy into electricity by 210 

using the force of the rotor blades, which act similarly to the rotor blades of aircraft. The 211 

air pressure difference between the sides of the blade causes lift and drag. The rotor is 212 

either directly connected to the generator or via a series of gears, which aid in increasing 213 

the generator's speed [21]. The transfer function model of the wind turbine is shown in 214 

equation 3. In equation 3TWTG represents the wind turbine generator time constant in 215 

equation 3. 216 

                            Wind energy turbine =  1

1 WTGsT+
       (3) 217 

2.4 PV system 218 

 The transfer function model of the PV system is depicted in equation 4. Solar power 219 

is one of the key power sources used to balance load request in the MG power system, 220 

and it is also a readily available supply. The solar cell in the PV system converts sunlight 221 

into usable electrical power. PV does not require any fuel to generate power and produces 222 

no noise, air, or water pollution [17]. The time constant of the PV system is denoted as 223 

TPV in equation 4. 224 

                        PV system=  1

1 PVsT+
                        (4) 225 
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2.5 Energy storage units  226 

 The energy storage system aids in the improvement of microgrid stability under 227 

high-load scenarios. It mitigates the negative impact of wind, solar, and other intermittent 228 

energy sources while improving grid capacity [27]. In this proposed work battery energy 229 

and flywheel energy storage systems are implemented to store the energy during nomi- 230 

nal/minimal load demand conditions. The transfer functions are given in equation 5 and 231 

6.   232 

                          Battery energy storage system = 1

1 BESSsT+
   (5) 233 

                           Flywheel energy storage system = 1

1 FESSsT+
     (6) 234 

In above equation, TBESS is time constant of the battery energy storage system and 235 

TFESS represents time constant flywheel energy system respectively.  236 

2.6 Multi MG 237 

 To increase the system's power capacity, MGs are linked together using a tie-line. By 238 

consuming electricity from the isolated MGs, the tie line, also known as the grid line, bal- 239 

ances the load demand in the grid line. A multi-MG (MMG) is conceived and created in 240 

this work by linking two isolated MGs. Figure.3 [34] depicts the mathematical function of 241 

the multi MG. 242 

 243 

 244 

Figure. 3: Transfer function model of the multi-MG. 245 

3. Controller Design and Methodology 246 

3.1 PID controller  247 

The secondary controller is critical for implementing the LFC scheme in the power 248 

system. Because power systems include a primary controller known as a speed regulator, 249 

it is not always reliable in loading circumstances. When unexpected loading occurs in the 250 

power system, it takes a long time to stabilize the system. To address the issue, a second- 251 

ary controller is designed and installed in the power system. The PID controller is utilized 252 

as a supplementary controller. The PID controller comprises of three distinct controllers, 253 

each with its own control action. The steady-state error is reduced by the proportional 254 
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controller, eliminated by the integral controller, and maintained by the derivative control- 255 

ler. The PID controller transfer function is given in equation 7. 256 

   ( ) i
PDS p d

K
G S K K s

s
= + +     (7) 257 

Where the Kp, Ki, Kd are the proportional, integral and derivative controller gain pa- 258 

rameters.  259 

3.2. Mayfly Algorithm   260 

Mayflies are insects of the Ephemeroptera order, which is the oldest group of insects. 261 

They are mainly visible in the UK throughout May, which is where their name comes 262 

from. This algorithm was motivated mostly by the behaviour of adult mayflies (crossover, 263 

mutation, swarming, nuptial dance, and random walk). Two sets of mayflies are initially 264 

generated at random to represent the male and female populations, respectively. In the 265 

second phase, the velocity of each male fly is updated, and then files are ranked depend- 266 

ing on the velocity. In the end, the highest-ranking fly’s mate with female flies. likewise, 267 

the gain values are tweaked using this algorithm. Whereas Figure. 4 depicts the MA's 268 

functional flow [23]. 269 

 270 

Figure. 4: Functional flow of MA 271 

Male Mayfly movement  272 

 273 

 The group of male mayflies adjusts its position with respect to its own and neighbour 274 

position. 𝑥𝑖
𝑡  is the present position of the ith mayfly in the search space at time t. The 275 

position changing is by adding velocity 𝑣𝑖
𝑡+1 is expressed in equation 8 and 9 [37].  276 

             
1 1t t t

i i ix x v+ += +         (8) 277 

Speed of the male mayfly 278 

2 2
1

1 1( ) ( )p pr rt t t t

ij ij ij ij i ijv v a e Pbest x a e gbest x
 − −+ = + − + −   (9) 279 

Where  280 

   𝑣𝑖
𝑡+1    = Velocity of Mayfly (ith at time t).  281 

   ij       = Dimension in search space.  282 

   𝑥𝑖
𝑡      = Fly position at time t.  283 

      a1, a2   = Co-efficients of social effects.  284 

add reference here

Thankyou for using British English. Make consistency throughout the manyscript. 

further down the figure 4 
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   Pbestij  = Local best value.  285 

   Gbestj  = Best location of Mayfly.  286 

 The best mayflies in the group change its speed continually to improve its global 287 

best. Updated velocity in equation 10. Dance coefficient represented as d and r is random 288 

number in between -1 to 1[37].  289 

               
1t t

ij ijv v d r+ = + +
      (10) 290 

Female mayfly movement  291 

 The female fly updated its position by increasing the speed, 𝑦𝑖
𝑡+1 is the ith mayfly 292 

position at time t.  293 

              
1 1t t t

i i iy y v+ += +
      (11) 294 

 The process of attraction happens by random, the first ranked female attracted by 295 

best males. Remaining files attracted accordingly their fitness. For minimization problem, 296 

the velocity is expressed as follows. rmf is distance between male and female fly [37].  297 
2

1

2{ ( ), ( ) ( ),mfrt t t t

ij ij ij ij i iv v a e x y if f y f x
−+ = + − → 

   298 

             1 * , ( ) ( )t

ij i iv f r if f y f x+ → 
                 (12) 299 

 Most of the popular optimization methods required zero derivative points. For solv- 300 

ing non-linear problems more variables are used for dimension in the search space, and 301 

also search space is increased. The numerical solving methods may be stuck at the point 302 

of local optimum. So, no guarantee to find the best global optimum solution. To overcome 303 

the shortfalls of numerical methods, more metaheuristics algorithms are used to solve 304 

complex optimization problems. The Mayfly algorithm can be easily implemented for 305 

both continuous and discrete problems. Also, this method rarely gets stuck in local opti- 306 

mum points [38].  307 

 308 

The major advantage of the MA [38]: 309 

• MA have fast convergence and convergence rate.  310 

• The nuptial dance and random flying contribute to the equilibrium between 311 

exploitation and exploration.     312 

      313 

  The MA is suggested in the research work to maximize the recommended second- 314 

ary controller parameters such as Kp, Ki, and Kd. Table 2 displays the optimised controller 315 

parameters. 316 

Table 2.  MA Optimized controller gain parameters. 317 

System 

modelling / 

Optimized 

gain param-

eter 

Controller 1 Controller 2 

 (Kp) (Ki)  (Kd) (Kp)  (Ki)  (Kd) 

Microgrid 

(SLP) 
0.9750 0.9999 0.0017 - - - 

Microgrid 

(RLP) 
0.9999 0.9999 0.0624 - - - 

Multi MG 

(SLP) 
0.9805 0.9998 0.1456 0.6691 0.8088 0.0747 

Multi MG 

(RLP) 
0.9999 0.9999 0.3037 0.9999 0.9999 0.9999 

4. Performance Analysis of MG with SLP and RLP. 318 
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This section illustrates the performance of the suggested optimized controller for a 319 

single-area MG power system. The performance is evaluated using the MATLAB simula- 320 

tion tool. In Case 1, the system's response is investigated using SLP and in Case 2, the 321 

system's reaction is examined using an RLP.   322 

4.1 Case 1: MG with SLP 323 

 The projected controller (MA - PID) is suggested as a subordinate controller to test 324 

the behavior in the LFC crisis. To test the suggested technique tuned controller's ability, 325 

one percent step load disturbance is applied. The responses of the system GA, PSO, and 326 

DE - PID controllers are compared to demonstrate the superiority of the projected MA 327 

algorithm - based PID controller. Figure.5 depicts the outcome comparison of system fre- 328 

quency.  329 

 330 

Figure. 5: del F comparison of MG for SLP  331 

Figure 5, shows the projected MA technique designed controller is superior to alter- 332 

native methods for resolving frequency oscillations during unexpected load demand. It 333 

quickly settles the oscillation (8s) compared to GA and PSO method - based controllers 334 

(8s=MA < 10s = DE < PSO = 10.5s < GA = 11s) and reduces the peak values under emer- 335 

gency load demand situations. Table. 3 shows the numerical parameter values (time do- 336 

main description) for Figure.5. 337 

Table 3: Controlled parameters of del F1. 338 

Controlled parameters / Optimiza-

tion Technique 
Ts POS PUS 

GA – PID 12 0.057 2 X 10-3 

PSO – PID 11 0.057 0.6 X 10-3 

DE – PID  10 0.060 0 

MA – PID 08 0.062 2.5 X 10-4 

4.2 Case 2: MG with RLP 339 

 The suggested system is tested in this part using a random load pattern to evaluate 340 

the performance of the projected MA method- based PID controller. A random load 341 
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applied to the proposed system is ± 0.01 as the maximum and minimum. Frequency devi- 342 

ation comparison with RLP is clearly shown in figure.6.  343 

 344 

Figure. 6: del F comparison of MG for RLP. 345 

When RLP is applied to the proposed system, the first system frequency has a maxi- 346 

mum peak value of 0.06 Hz, as shown in Figures 7 and 9. After a while, the peak values 347 

are lowered to 1 X 10-3 Hz, and the error is reduced to zero. When the load changes, the 348 

frequency deviates somewhat from the nominal values, which is controlled by the pro- 349 

posed auxiliary controller.   350 

5. Performance analysis of MMG with SLP and RLP. 351 

The developed multi-MG (MMG) system presented in section 2 is investigated by 352 

applying 1% SLP and an RLP to the system to study the behaviour of the projected MA - 353 

PID controller. The performance is examined by considering the following two scenarios 354 

(case 1 is with SLP and case 2 is with RLP). 355 

5.1 Case 1: MMG with SLP 356 

 Section 5.1 investigates the performance analysis of the suggested controller tuning 357 

approach (MA-PID) in the MMG with 1% SLP. The delF comparison of area 1, and the tie 358 

line power flow comparisons of MA, DE, PSO, and GA – tuned PID controller is given in 359 

figures 7 & 8 respectively. 360 

 361 
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Figure. 7: del F1 comparison of MMG for SLP. 362 

 363 

Figure. 8: del Ptieline comparison of MMG for SLP. 364 

 It is evident that the projected technique-tuned MA-PID controller yields super per- 365 

formance over GA-, PSO- DE- tuned controller performance by time domain specification 366 

variables.  367 

Table 4: Controller parameters of del F1, del F2, and del Ptieline. 368 

Controlled 

parameters / 

Optimiza-

tion Tech-

nique 

del F1 del F2 del Ptieline 

Ts 
POS 

(10-3) 

PUS 

(10-3) 
Ts 

POS 

(10-3) 

PUS 

(10-3) 
Ts 

POS  

(10-3) 

PUS  

(10-3) 

GA – PID 20 7.5 1 21 6.1 0.7 20 0.021 0.013 

PSO – PID 19 6.9 0.3 18.5 6 0.1 19 0.016 0.0002 

DE – PID  19 7.0 0.3 18.5 6.2 0.1 19 0.001 0.001 

MA – PID 18.6 6.5 0.75 18 5.8 0.6 18 0.015 0.007 

 369 

Table 4 effectively dispatches the numerical values from figures 7 and 8 to analyses 370 

the performance of the suggested tuning technique-oriented controller in the MMG. The 371 

behavior comparisons of figure7 and Figure 8, and table 3 demonstrated that the projected 372 

MA- PID controller improved the performance over existing (GA, PSO and DE optimiza- 373 

tion) methods. The deviation settling time of del F1 (22s > 19s > 19s > 18s), del F2 (23s > 19s 374 

> 18.5s > 18s), and del Ptieline (20s > 19s > 19s> 18.5s) are quick than GA, PSO and DE. 375 

Also, minimize the peak values like Peak Over Shoot (POS) and Peak Under Shoot (PUS) 376 

in the response. 377 

5.2 Case 2: MMG with RLP 378 

 In this section, RLP is introduced to the proposed power network to analyze the be- 379 

havior of the optimization technique in the MMG. The result comparison of the system 380 

frequency, tie line power is plotted in figure 9 and figure 10 respectively (del F1, and del 381 

Ptieline).   382 
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 383 

Figure. 9: del F1 comparison of MMG for RLP. 384 

 385 

Figure. 10: del Ptieline comparison of MMG for RLP. 386 

According to the response comparison of the tie line power, and system frequency 387 

they are diverged from the nominal values at the start of the abrupt loading condition. 388 

The tie-line power and system frequency initially have some peak values, which are 389 

quickly minimized by adopting the proposed MA technique- based MA-PID controller. 390 

6. Robust Analysis  391 

A robust investigation was performed in this section to verify the performance and 392 

effectiveness of the planned MA - PID controller with different loading situations and 393 

system parameter variations. This section discusses two separate robust analyses. The sys- 394 

tem investigated system is analyzed by applying 1%, 2%, 5%, and 10% percentage step 395 

load disturbance for rigorous analysis in section A. The test contributes to the higher per- 396 

formance of the MA-PID controller in the investigated system. In section B, changes in 397 

system parameters (±50%, and ±25%) are also verified (Tg and Ts) for conducting robust 398 

test analysis.  399 

6.1 1%, 2%, 5%, and 10% load 400 

 In the robust analysis, different level of SLP is applied to area 1. The response com- 401 

parison of system frequency and tie- line power flow between connected areas (del F1, 402 

and del Ptieline) is plotted in figures 11 & 12 respectively.  403 
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 404 

Figure. 11: del F1 comparison for robust analysis. 405 

 406 

 407 

Figure. 12: del Ptieline comparison for robust analysis 408 

Figures 11 & 12 clearly explained the smooth operation of the proposed technique 409 

adopted controller (MA – PID) is superior at the time of parameter variations. The con- 410 

troller controlled the deviation in the system frequency in different loading conditions, 411 

from this the proposed controller is the best and most suitable one to implement to solve 412 

the LFC crisis.  413 

6.2 Sensitivity Analysis  414 

 A sensitivity examination is conducted with different ranges of system parameter 415 

variations (governor time constant (Tg), and turbine time constant (Ts)) by changing ±50, 416 

and ±25 percentages from its nominal value. The response comparison of system fre- 417 

quency and tie-line power flow is given in figure 13 to figure 16.  418 
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 419 

Figure. 13: del F1 comparison for change in Tg 420 

 421 

Figure 14: del Ptieline comparison for change in Tg 422 

 423 

Figure 15: del F1 comparison for change in Ts 424 
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 425 

Figure. 16: del Ptieline comparison for change in Ts 426 

The smooth performance of the MA – PID controller is achieved in all critical situa- 427 

tions in system parameters and it is effectively demonstrated in Figures 13 – 16. From this 428 

overall performance analysis, the projected MA – PID controller is the perfect and suitable 429 

controller for the proposed power microgrid 430 

5. Conclusion 431 

This paper designed and investigates a microgrid, multi-microgrid system for the 432 

LFC scheme by integrating projected technique tuned MA - PID controller as a secondary 433 

controller. Thermal, PV, and wind energy are used to power the MG. A variety of tests 434 

are carried out to establish the superiority of the suggested tuning of secondary controller 435 

gain values. The examination results are as follows: 436 

• MA - PID controller with 1% SLP examines an isolated MG system. The perfor- 437 

mance of the projected technique-tuned controller was compared with GA, DE, 438 

and PSO - PID controllers. The performance of systems del F1, del F2, and delPtieline 439 

is evident that the projected MA - PID produces a better outcome by minimal 440 

settling time (11s) over GA, PSO and DE. 441 

• RLP is used to examine the single area MG system and frequency was affected at 442 

the initialization time of loading, but it returns to normal operating conditions 443 

after 10 seconds. 444 

• SLP is used to analyze the performance of the projected MA - PID controller in 445 

the MMG system. In terms of oscillation control of system frequency, the MA - 446 

PID controller performed better. (area 1 settled around the 15s to 20s). 447 

• RLP was employed in MMG to legalize the performance of the MA-PID controller 448 

in MMG's LFC. It is effectively evident that MA - PID controller improves perfor- 449 

mance by reducing steady-state error in system frequency with minimal settling 450 

time duration (in del F1 = 20s).  451 

• The various load disturbance situations and system parameters variations are 452 

conducted in the robust test, and sensitivity analysis test clearly proved that pro- 453 

jected MA -PID controller functions admirably under all crucial conditions for 454 

solving LFC crisis. 455 
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Appendix  464 

R1 = 0.05 per unit, R2 = 0.04 per unit, Tt1 = Tt2 = 0.4s, Tg1 = Tg2 = 0.1s, Tw1 = Tw2 = 0.5s, Tpv1 = 465 

Tpv2 = 1.5s, TBESS1 = TBESS2 =0.1s, TFESS1 = TFESS2 = 0.1s, Kt1 = Kt2 = 1 per unit, Kg1 = Kg2 = 1 per 466 

unit, KBESS1 = -3 per unit, KBESS2 = -4 per unit, KFESS1 = -1.5 per unit, KFESS2 = -2 per unit, KWT1 467 

= KWT2 = 1 per unit, KPV1 = KPV2 = 1 per unit, M1 = M2 = 8 per unit, D1 = D2 = 1 per unit, T12 = 468 

1.4, B1 = 10 per unit, B2 = 12.5 per unit 469 
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