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Abstract:  

Owing to the growing need to address the energy crisis by the traditional sources (e.g. Thermal power plants), as well as the associated 

environmental concerns posed, the power system witnessed increased penetration of power electronics-based power sources like solar, wind, and 

energy storage in terms of battery technologies. Consequently, modern compared with traditional power systems have become more susceptible 

to large frequency fluctuations due to the emergence of stability issues. Prominent among these include the reduction of system properties such 

as damping and inertia which are significant characteristics of system stability. Insufficient inertia drives the grid frequency outside the acceptable 

range under severe disturbances and this may lead to an outage of generators and tripping, unscheduled shedding of load, system collapse, and 

in the severe scenario, an entire power blackout, this threatens the system dynamic security. To preserve the system's dynamic security, this paper 

proposes an alternative approach to frequency regulation built upon a PID-based Virtual Inertia Control (VIC) which imitates the inertia property. 

The proposed virtual inertia uses the frequency derivative to emulate virtual inertia. The optimality search capability of the Particle Swarm 

Optimization (PSO) technique is used to design the proposed controller. Evaluation of the robustness of the proposed controller is demonstrated 

through Time Domain Analysis, considering different system operating ranges for improving frequency stability and resilience. Improved 

performance of the proposed controller when paralleled with the traditional virtual inertia controller shows a 69.2% reduction in frequency nadir 

under the condition of reduced system inertia, 70% without RESs integration. Also, 50.7% and 44.4% improvement in the reduction of frequency 

nadir and maximum overshoot respectively were observed under the situation of nominal system inertia, 100%, and Renewable Energy Systems 

(RESs) penetration. 

Keywords: Distributed Generation (DG), Frequency stability, Virtual inertia, Particle Swarm Optimization (PSO), Micro-Grid.  

1. Introduction 

N recent years, Renewable Energy Sources (RES) in the form 

of Distributed Generators (DG) are gaining favorable 

penetration into the power system, this is majorly due to 

growing concerns for conservational issues, the energy crisis, 

and the growth of the economy. Aside from the emergence of 

Micro-Grids (MG), RES/DGs penetration also displaces 

several conventional generators that contribute to the reserve 

power and inertial response for frequency control. This 

drastically reduces the entire system's inertial (H) responses as 

well as damping (D) effects usually during 1-10s cycles in the 

operation. As a result, the frequency variations of MG escalate, 

which further causes greater frequency deviations at the 

expense of system stability and resiliency, eventually leading to 

cascading failure or power blackout. In addition, the RES type 

of generators often has low inertia which can be non-existent 

owing to the use of power electronics as an interface without 

rotating mass. Consequently, RES types generators often do not 

participate in the control of frequency during normal operation. 

[1]. Thus, dynamic security of the modern power system 

characterized by low system damping effect and inertia due to 

RESs penetration is a major concern for the present and future 

power system planning, design, operation, and control. This is 

because of the reduction in the overall stability margin. 
In addressing the stability concerns and problems posed by 

the power electronic-based RES generation, one 

straightforward solution is the operations of a greater number 

of synchronous generators. This will ensure the provision of 

adequate spinning reserve and system inertia [2]. The major 

drawback of the aforementioned approach is seen when some 

of the synchronous generators operate at their minimum 

allowable level, which reduces efficiency. The operation of 

synchronous and conventional generators is also associated 

with emissions and increases in the prices of energy.  

In enhancing system inertia, the withstand capability 

requirements defined by RoCoF, or simply called Rate of 

Change of Frequency, by synchronous generators were changed 

in [3]. Though this solution approach is considered efficient and 

suitable by operators, as stated in [4], the associated costs 

involved due to the testing of the generator is a major limitation 

to its acceptance and applications. Moreover, the approach 

ignores inertia enhancement. PV power curtailments to regulate 

frequency or inertia synthesis have been suggested in [5-7]. 

However, this approach is simply practicable in PV-dominated 

systems, like those of the California power network which is 

already implementing active power curtailment policies [7]. 

Aside from this, an opportunity cost considered to be non-trial 
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in the wasted energy would hinder the wide adoption of such an 

approach, because inverters of the PV are functioning often 

beneath the Maximum Power Points (MPPs). Another approach 

for inertia enhancement is employing synchronous condensers 

– synchronous generators – without prime movers or demanded 

loads [8]. Nonetheless, the associated huge operating and 

capital costs have hindered their application in inertia 

enhancement. 

Turbines of Wind generators have rotating masses with 

associated kinetic energy similar to synchronous generators. 

But unlike synchronous generators, the rotating speeds of wind 

turbines are often separated from the grid frequency using 

power electronic converters for optimal control of speed to 

achieve the highest energy harvesting [9], [10]. As a result, 

wind generation systems classified as variable-speed systems 

naturally provide no inertia to the power grid. In using the 

kinetic energy stored in the turbines of wind generators, the 

grid-injected power (or electromagnetic torque) can be 

modified in accordance to the grid frequency at times of 

contingencies [10]. Using this method, the virtual inertia can be 

emulated by such types of wind turbines. Considering inertia 

synthesis, the rate of change of frequency is proportionally 

linked to the electromagnetic torque (i.e., df dt ) [11]. Several 

approaches for modifying the control of virtual inertia for 

different wind turbines are documented in [12−14]. However, 

the wind turbines should be able to recover their rotor speeds 

after producing the virtual inertia response. But this can be a 

significant issue [15]. As analyzed and evaluated by [9] and 

[16], the processes for recovering the rotor speed will 

drastically modify the wind turbines' inertia response and may 

result in rotor stall arising frequency dip. As substantiated by 

the response of the wind inertial in Hydro-Quebec, the 

synthesized inertia of wind turbines is still not identical in 

practice tests to synchronous inertia [3]. For speed recovery, 

numerous nonlinear-based inertia control techniques for 

accurate inertia synthesis by wind turbines enabling easy and 

fast transitions between inertial response mode and MPP 

tracking mode were suggested in [17−21].  

The innovative approach is to emulate the dynamic behavior 

of the synchronous generator in the power system in enhancing 

the system inertia. This innovative approach is called Virtual 

Synchronous Machine (VISMA) [22-24], Virtual Synchronous 

Generator (VSG) [25, 26], or Synchronverter [27-29] which 

imitates the activity of the prime mover during disturbances to 

enhance the frequency stability. The virtual inertia control 

scheme is a crucial part of the VSG. It is realized by using an 

energy storage system (ESS), a power electronic inverter, and 

then a proper control technique is employed to determine the 

required inertia output power for the enhancement of the system 

inertia and frequency stability.  

Recently, the strategy for the control of virtual inertia through 

emulation has received a lot of attention from researchers [26, 

30]. Hence, depending on the control objectives, there are 

several types of virtual control techniques of inertia. However, 

the derivative of frequency technique expressed df dt , virtual 

inertia control provides an effective solution for emulating 

virtual inertia power to enhance the stability of frequency and 

system inertia [31-33]. However, in [31-33], the inertia 

constants, a significant factor used to emulate extra inertia into 

the system is a fixed value. But the improper selection of this 

fixed value causes greater frequency excursion, slow time to 

recovery, and eventual instability. 

Hence, an advanced control technology is required to provide 

an optimal virtual inertia constant. The Model Predictive 

Control (MPC) for the inertia power synthesis in a derivative 

technique-based approach was proposed in [34]. Although the 

predictive control-based strategy in [34] has the advantages of 

straightforward structure and fast response, it requires more 

time for each sampling time calculation. In [35], a robust theory 

combined with virtual inertia control results in r frequency 

oscillation mitigation in the high RESs penetration scenarios. In 

[36], an approach based on the H_infinite technique of the 

robust virtual inertia control is proposed to analyze the islanded 

MG frequency stability in the presence of high levels of RESs. 

The fuzzy logic control is proposed in [37, 38] for the synthesis 

of virtual inertia to support the frequency stability of the 

islanded μGs.  

 Although a good dynamic response was obtained from the 

control techniques [35-38], they have various shortcomings 

such as their dependence on the experience of the designer and 

the need for a longer time required for computation. However, 

the proportional–integral–derivative (PID) is commonly 

deployed in the study of frequency control problems. This is 

attributed to its low cost and simplicity. In addition, it provides 

a reliable result under contingencies and variations in system 

operational parameters such as system uncertainties. Hence, in 

this study, a proportional-integral-derivative (PID) controller is 

employed to obtain the optimal values of virtual inertia constant 

for operational inertia emulation thereby enhancing the system 

frequency stability.  

I. INERTIA CONSTANT EFFECT IN REGARDS TO FREQUENCY 

REGULATION 

The problem of frequency stability arising from the mismatch 

between generated power and load demand is a challenging task 

in the micro-grid design and operation. In the traditional 

synchronous generator-dominated power network, the damping 

effects and inertia properties obtained from the rotor are critical 

in frequency stability regulation during the disturbances. The 

swing equation (1) expresses the relationship between 

generated power, system inertia, load power, system damping, 

and frequency excursion [39]. 

2 ( ) ( )m L sP P H f D f − =  +                                        (1) 

Where f is the system frequency, ∆f is the system frequency 

deviation, ∆Pm is the change in the generated power from the 

synchronous generator, ∆PL  is the change in the load power, 

and H and D are the inertia and the damping property of the 

system. 

For the modern power system penetrated by DGs/RESs, the 

converter control response replaces the natural response due to 

the generator’s rotating mass (natural inertia compensation). 
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However, the response due to the control of the converter is 

comparatively slow compared to the natural response of the 

rotating mass. This result in a lack of high inertia power 

compensation immediately from 1 to 10s, especially after a 

contingency. The main and subordinate controls in place are not 

robust to neutralize the disturbances in the scenarios with low 

system inertia and damping which result from increased 

penetration of RES. This leads to an excessive RoCoF, resulting 

in rapid deviations in frequency. Equation (2) expresses the 

inertia constant relations of between traditional synchronous 

generators and MG [39]. 

( )
n

SGi SGI

MGi

H S
H

S
=                                                      (2) 

Where SGS and SMG are the synchronous generator-rated power 

and the micro-grid’s total power.  

II. SYSTEM CONFIGURATION 

 In remote power systems networks, frequency dynamics are 

mainly caused by the dynamics of the rotor and governor-

turbine system. The transients of the generator as well as the 

exciter and their corresponding effects can be ignored since it 

is considered considerably faster [66]. In this study, the 

frequency response model shown in Fig. 2 is employed as the 

test system representing the studied MG shown in Fig. 1. Since 

the RESs-based generations (solar and wind power) and the 

load provides no frequency regulation, they may be seen as a 

form of disturbances to the MG. Mainly, three units – inertia 

control, main control, and subordinate control – are deployed 

for the improvement of the system’s frequency stability after 

the occurrence of a disturbance. The inertia provided by the 

ESS-based inertia control neutralizes the mismatched power at 

1-10s. The main control unit, in this case, the governor system 

helps to stabilize the frequency to another value in steady-state 

in 10-30s. The subordinate control will recover the system 

frequency to its nominal value within 10-30 minutes especially 

when it is based on area control error (ACE). Based on [39], the 

MG’s simplified model under study – with a low-order dynamic 

model – as depicted in Fig. 2 is considered adequate for the 

study and analysis of frequency stability. In addition, [40] 

studied frequency responses obtained both with the simplified 

and detailed model of MG. A reasonably accurate result was 

observed with the simplified model under changing conditions. 

Hence, the simple model employed herein is adequate and 

precise for the scope of frequency stability in this paper. 
Equations (4) to (8) describes the models of the MG adopted. 

 

Relevant model parameters are presented in Table I. 

Considering the dynamic effects of generations and load 

including inertia, primary, and secondary control (from Fig. 1), 

the system frequency deviation is obtained and given by the 

equation (3): 

1
( ) ( )

2
m W PV inertia Lf s P P P P P

Hs D
 =  +  +  +  −

+
    (3) 

 
Fig. 1. Dynamic frequency response model of the test power system with different control schemes 

 

TABLE I 
THE MICRO-GRID DYNAMIC PARAMETERS 

Parameter Value Parameter Value 

D (p.u./Hz) 0.0160 𝐽𝑉𝐼 (p.u.s) 0.6 

H (p.u.s) 0.0830 R (Hz/p.u) 2.6 

𝑇g (s) 0.07 𝛽 (p.u./Hz) 0.98 

𝑇𝑡 (s) 0.03 𝑇𝐸𝑆𝑆(s) 1.0 

𝑇𝑊(s) 1.4 𝑇𝑃𝑉(s) 1.0 
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III. OPTIMAL PID CONTROLLER FOR VIRTUAL INERTIA 

CONTROL OF MG  

The functioning of the proposed virtual inertia control approach 

is such that it is independent of the main and subordinate control 

units while imitating the inertia property of the synchronous 

generator. Hence, the stored energy in the ESS is entirely used 

to enhance the system’s frequency stability within both the 

steady-state and transient performance. Fig. 2 and Fig. 3 depict 

the modeling – in the dynamic space – of the traditional virtual 

inertia controller and the proposed PID-based virtual inertia 

approach respectively, in this paper. A derivative control 

technique is employed to evaluate the RoCoF for adjusting the 

added MG’s power set point after a contingency. To eliminate 

the noise thereby obtaining the actual dynamic characteristics 

in the inverter-typed of ESS, a low-pass filter is deployed.  To 

simulate the real ESS power response, it is required to limit the 

maximum/minimum ESS energy capacity, to this end, the 

limiter block is deployed. Consequently, the virtual inertia 

controller based on the optimal PID controller proposed herein, 

contribute to the total inertia of the MG as if the ESS has inertia 

characteristic comparable to the inertia property of the 

traditional synchronous generator, thus, improving the 

frequency stability as well as resilience. Equation (9) expresses 

the PID controller transfer function. 

( ) i
p D

K
G s K sK

s
= + +                                                     (9) 

In equation (9), KP, KI and KD denotes proportional, derivative, 

and integral gain respectively. In the same vein, the equation 

(10) expresses the control low of the proposed controller 

design. 

( )
1

VI
inertia

Ess

J d
P f

sT dt
 = 

+
                                             (10) 

IV. PARTICLE SWARM OPTIMIZATION (PSO) 

PSO is a population-orientated and bio-inspired optimization 

technique first introduced by Kennedy and Eberhart in 1995 

[41]. In the conventional PSO, a bird called particle represents 

the solution to each optimization problem in the problem space. 

And objective function is used to determine the fitness values 

of the particles. The particles have velocities that determine the 

directions and distances from which they fly. This algorithm 

initializes a group of random particles as the initial population 

by random selection from the solution domain [41]. 

 
Fig. 2.  Conventional Virtual Inertia Control (C-VIC) 

 

 

 
Fig. 3.  Proposed PID based Virtual Inertia Controller 
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For each iteration process, the particle updates itself to find an 

optimal solution or approximate optimal solution using two 

"optimal values". 

The first represents the optimal solution achieved by the particle 

itself. This value is termed individual optimization (pbest). The 

second solution, also known as global optimization (gbest) is 

the optimal solution achieved for the entire population. Using 

these two optimal values, the particles update their velocity and 

position according to equations (11) and (12) respectively.  
1

1 1

2 2

* * *( )

* *( )

i i i

i

V W V C rand gbest X

C rand pbest X

+ = + − +

−
                (11) 

1 1i i iX X V+ += +                                                                 (12) 

max max min
min

max

( )( )

( 1)

t t W W
W W

t

− −
= +

−
                (13) 

Where  vi is the velocity of the particle i, w described in 

equation (13) is the inertia weight which controls the 

exploration and exploitation of the problem space by 

dynamically adjusting the particle velocity, xi is the position of 

the particle i, pbest and gbest are defined as before,  rand is a 

random number that belongs to [0, 1], C1 and C2 are called 

learning factors termed as the acceleration constants. They 

modify the particle velocity towards pbest and gbest,  tmax is 

the maximum number of iterations and t is the current iteration. 

In PSO, an improved performance of the algorithm can be 

achieved through the appropriate selection of the inertia weight 

which can help to balance the global and local search ability. 

Different methods were employed in literature [42] to set the 

inertia weight, such as simulated annealing inertia weight, 

Gaussian, fuzzy adaptive, exponential, and parallel. However, 

considering both simplicity and efficiency, the inertia weight 

which linearly decreases is an appropriate method for 

determining the inertia weight. Hence, equation (13) defines the 

weight function, such that  wmax = 0.9 and wmin = 0.4 are the 

values used to develop the robust PID-based virtual inertia 

controller.   

V. PROBLEM FORMULATION 

 Since the frequency overshoot (fmax), undershoot (fnadir), and 

time taken by the  frequency excursion to the desired region 

(tst) from the nominal value, are vital features of the frequency 

 

 
Fig.4 Flowchart of the proposed Virtual Inertia Control Based on Optimal PID Controller 
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response of a MG following RES penetration, these 

characteristics should be minimized to achieve effective 

frequency control. Hence,  the integral of time, multiplied 

absolute error (ITAE) is used as objective or fitness function to 

find optimum values of controller parameters formulated as 

expressed in equation (14). 

0

. .
simt

ISE f t dt=                                                                 (14)  

Subject to maximum and minimum values of PID controller 

parameters described by equation (15). 

, , , , , ,

Min Max

p i d p i d p i dK K K                                                      (15) 

Where  ∆f is frequency deviation away from the nominal set 

point while tsim is the simulation time.  

The population size is chosen to consist of 20 particles, with 

each particle represented by a 3-dimensional vector which are 

the PID parameters, kp, ki, kd respectively. 50 is used as the 

maximum generation iteration time. The inertia weight w 

decreases linearly, and the inertia weight maximum and 

minimum are set to 0.9 and 0.4 respectively.  

The proposed method is applied to obtain the optimal 

parameters of the PID controller by minimizing the objective 

function.                  

VI. RESULT AND DISCUSSION 

The proposed PID-based Virtual Inertia Controller (VIC) is 

applied to the modern power system presented in Fig 1. Using 

MATLAB/Simulink software, the dynamic response model is 

realized.  The analysis of the simulation results presented in this 

paper focuses on three parts. Firstly, on the frequency stability 

assessment of the MG under system uncertainty – nominal and 

reduced system inertia, 100% and 70% of H. Secondly, is the 

evaluation of the frequency stability assessment under degraded 

system inertia caused by RES penetration. Thirdly, the analysis 

also focuses on the evaluation of the effectiveness and 

robustness of the proposed PID-based virtual inertia controller 

design. Furthermore, the simulation results were compared with 

those obtained using conventional derivative based techniques 

and for a wide range of system operations without the VIC. 

Scenario 1: Performance Analysis of the Studied Power 

System without RES based Power Penetration. 

Two different cases are simulated for this scenario as follows: 

Case A: In this case, the performance of the test power system 

is carried out under the condition of the nominal system 

parameter such as a system with 100% system inertia. During 

the simulation, at a given time t=2s, a load of 0.02 p. u., is 

suddenly demanded and applied to the studied system. Figure 5 

shows the frequency deviation for this scenario. 

Case B: In this case, the frequency response of the test system 

evaluated under a reduced system inertia such as 70% of its 

value, depicting a 30% reduction. In addition, a 20% p.u., of 

step load change was applied to the studied system at time t = 

2s. The frequency response for this case compared to the 

response in case A is shown in Fig. 6. 

In Fig.6 observe that the low system inertia condition 

negatively affects the system performance and stability which 

results in a huge increase in the frequency nadir. Compared to 

the frequency response of the nominal system inertia value 

which is 100% of H, depicted in Fig.5, the frequency nadir 

significantly increases to -0.073Hz from -0.049 as illustrated by 

the red line curve in Fig.6. The increase is about 48.98%. This 

scenario can result in system collapse due to cascading outages 

if no control scheme is provided within the specified timescale. 

Moreover, with increased inverter-based RES penetration, this 

problem can be exacerbated. This possibility is demonstrated 

next and analyzed in scenario 2. 

Scenario 2: Performance Analysis in the Presence of RES-

based Power Penetration.  

This scenario is divided into two sub-scenarios:  

 
Fig. 5: System frequency response under normal operating condition 

of 100% system inertia without RES penetration 

 
Fig. 6: Comparison of system frequency responses under conditions 

of nominal and reduced system inertia without RES penetration 

 
Fig. 7: system frequency response under nominal system inertia with 

RES penetration 



Hamza et al.: Modified PSO-Based Virtual Inertia Controller for Optimal Frequency Regulation of Micro-Grid 
 

19 

 

Case A: The islanded MG system, in this case, is analyzed 

considering 100% of default system inertia and multiple 

disturbances comprising of 20% p.u step load change at time t 

= 2 s and swift rise in solar and wind power (both of 0.01p.u.) 

at 15 s. Fig. 7 depicts the frequency response under this case. 

AS depicted in Fig.7, the critical inertia decrease due to 

increased RESs penetration deteriorates the frequency stability 

and the system resiliency. The sudden huge frequency rise 

(overshot) +0.03Hz and increase in the frequency nadir with 

longer stabilizing time also substantiate that RES penetration 

adversely affects the frequency stability. Compared to the 

system response of Fig.5 before the sudden RES injection, the 

frequency nadir significantly increases to -0.062Hz from -0.049 

and overshot rises to +0.03Hz. The increase is about 26.53%.  

 

Case B: Under this illustration, the MG is studied and analyzed 

with reduced inertia of 70% from its nominal value with the 

application of multiple disturbances such as 20% p.u 

incremental load change at time t = 2 s as well as a sudden rise 

in solar and wind power (both of 0.01p.u.) occurring at 15 s. 

The system response in terms of frequency compared to the 

response in Case A is depicted in Fig. 8. 

From Fig. 8, observe that due to the reduction in the system 

inertia from 100% to 70% and further inertia degradation 

caused by RES penetration, the system frequency stability was 

negatively impacted. Compared with the system response under 

the condition of system nominal inertia of 100% displayed by 

the blue line curve in Fig. 8, a huge frequency rise (overshoot) 

from +0.029 to +0.038 and an increase in the frequency nadir 

(undershoot) from –0.062 to –0.086 were observed as displayed 

by the red line in Fig.8, hence, the deterioration of the system 

frequency stability and this may lead to the tripping of the 

generation, load shedding and may results in collapse of the 

system and power blackouts. To preserve the dynamic security 

of the system, the proposed PID-based VIC is applied in the 

next scenario. 

Scenario 3: Performance evaluation of the proposed controller  

Two different cases simulated for this scenario are presented as 

follows: 

Case A: In this case, the optimally designed PSO based-PID 

controller is tested on the studied power system with the 

introduced uncertainty (i.e. 70% of H) without RES penetration.  
Also, a disturbance representing a 0.02 p.u. change in load is 

applied. Fig.9 presents the combined system frequency 

response consisting of the VIC-based optimal PID controller, 

conventional VIC, and the case without VIC. 

As can be observed from Fig. 9, the system response in terms 

of frequency without any control strategy oscillates outside the 

permissible frequency range due to change in step load of 

0.02p.u., as depicted by the blue line curve. By deploying the 

VIC based on conventional approach, the frequency nadir 

reduces to -0.039 Hz from -0.073 Hz. Upon deployment of the 

VIC-based optimal PID controller, an enhancement of system 

frequency stability is obtained, with further reduction in the 

frequency nadir to -0.012 Hz observed as depicted by the red 

line curve. The reduction amount to about 69.2% compared to 

conventional VIC. This, therefore, depicts the superiority in 

performance of the proposed controller compared with the 

conventional VIC.  

 

Case B: Here, the performance of the optimally designed PSO 

based-PID controller is tested on the studied power system with 

nominal system inertia (i.e. 100% of H) and multiple 

disturbances of 20% p.u load change at time t = 2 s and swift 

rise in solar and wind power (both of 0.01p.u.) applied at 15 s. 
Fig. 10 shows the system frequency response under the. VIC-

based optimal PID controller, conventional VIC, and without 

VIC.  
  

 
Fig. 8: comparison of system frequency responses under nominal and 

reduced system inertia with RES penetration 

 
Fig. 9 System frequency response of the PID-based VIC and 

conventional VIC under low system inertia condition 
 

 
Fig. 10 System response in terms of frequency of the PID based 
virtual inertia controller and conventional virtual inertia controller 

under nominal system inertia condition and RESs integration 
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As observed from Fig. 10, the proposed VIC-based optimal PID 

controller successfully mitigates the frequency deviation 

thereby guaranteeing an improved and robust performance 

when paralleled with or without the VIC. By implementing the 

conventional VIC, the nadir and overshoot in frequency 

drastically decrease to -0.02 Hz from –0.062 and +0.01 Hz from 

+0.029 respectively as depicted by the blue line curve. This 

reduction is about 67.7% and 50% respectively. However, 

further improvement in the reduction of the frequency nadir and 

overshoot to -0.009Hz and +0.005Hz respectively, were 

observed upon deployment of the VIC-based optimal PID 

controller which is designed optimally using the PSO 

algorithm. These represent 50.7% and 44.4% respectively when 

compared to the studied system with the conventional VIC. The 

optimum PID gains of the controller obtained are given in Table 

II. 

 

This proves that the VIC-based optimal PID controller could 

reasonably provide an optimally suitable value of virtual inertia 

constant. Hence, the PID-based VIC system designed using 

PSO technique can achieve quite better improved frequency 

stability under a wide range of disturbances and system 

uncertainty. And this helps to corroborate the effectiveness and 

robustness of the designed controller for maintaining the system 

dynamic security.  

 

VII. CONCLUSION 

Increased deployment of power electronic based RES 

generators characterized the modern power system, which has 

the potential of causing stability problems due to their 

distinctive characteristics. To minimize the undesirable effects, 

herein this work developed a frequency control scheme using 

PID-typed VIC for enhancing system inertia and frequency 

stability. Derivative control method is employed for the control 

of inverter-based ESS for inertia synthesis of a studied MG. In 

achieving optimal performance, the PID controller parameters 

are optimize using PSO algorithm. A demonstration under 

several scenarios reveal the stabilizing and enhanced 

performance of the PID-based VIC under a wide range of 

system disturbances and uncertainties.  It is also deduced that 

increased RESs penetration result in low system inertia, while 

in the situation where no inertia controller, the control units is 

unable to regulate frequency oscillations within a tolerable 

range due to the absence of virtual emulation and ultimately 

leading to system instability. By employing the conventional 

VIC, a reduction in both the frequency nadir and overshoot was 

observed. However, significant reduction in both frequency 

nadir and overshoot was observed in the case of the PID-based 

VIC controller proposed in this paper, as compared with Other 

VICs. The reductions were observed to be 50.7% and 44.4% 

respectively. Similarly, under the situation of system 

uncertainty, 70% of H, an improvement in the performance with 

the PID-based VIC proposed controller, against the 

conventional VIC indicates a 69.2% improvement in the 

reduction of frequency nadir. This clearly helps to validate the 

superior and robust capability of the proposed PID-based VIC 

technique under varied system conditions and uncertainties. 
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