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Abstract - The response of voltage source inverter (VSI) based renewable energy microgrids depends on the control 

methodology deployed for VSI’s power, voltage, and current controllers. Usually, power controllers with fixed droop possess 

limited power handling capability, which has been addressed by developing adaptive droop control strategies in the literature. 

However, the efficacy of the adaptive droop control in enhancing the power handling capability depends on the performance of 

the voltage and current (VA) controllers. However, the VA controllers tuned with conventional PI tuning techniques (PIVA) 

offer complexity in selecting precise controller gains, which leads to poor transient response. To reduce complexity, the pole-

zero cancellation technique (PZC) has been introduced in the literature for VA controllers’ tuning. However, the PZC leads to 

poor transient response during disturbances. Thus, to achieve a better transient response, this paper proposes the design of VA 

controllers with modified PZC (MPZCVA). This uses particle swarm optimization to optimally tune the integral coefficient 

based on the error that is observed in the closed loop response against various disturbances. To verify the proposed technique, 

simulation studies are performed under various power factor loading. Along with the conventional PIVA and proposed MPZCVA 

controllers, this paper implements fuzzy logic-based adaptive droop (FAD) control for the power controller to form the VSI 

control loop. Thus, the proposed MPZCVA cascaded with FAD controller (MPZCVA-FAD) is compared with the conventional 

PIVA cascaded with FAD controller (PIVA-FAD). The results proved the usefulness of the proposed methodology in enhancing 

the power handling capability and transient response of the microgrid. 

Keywords Microgrids, particle swarm optimization (PSO), pole-zero cancellation (PZC), transient response, voltage and current 

(VA) controllers, voltage source inverter (VSI) control. 

Abbreviations 

CC : Cohen-Coon tuning method PIVA : PI-based VA controllers 

FAD : Fuzzy logic-based adaptive droop control PSO : Particle swarm optimization technique 

FD : Fixed droop control for the power controller PZC : Pole zero cancellation technique 

ITAE : Integral time absolute error VA : Voltage and current controllers 

MPZC : Modified pole-zero cancellation technique VSI : Voltage source inverter 

N : Fuzzy membership function named negative Z : Fuzzy membership function named zero 
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1. Introduction 

The rapid growth in consumer demands, depletion of 

fossil fuel resources, and mounting environmental concerns 

have driven the pursuit of new and alternative power 

generation methods [1-3]. Consequently, renewable energy-

integrated microgrids emerged as a prospective solution. 

These microgrids allow for localized power generation at the 

point of consumption, easing the burden on the main utility 

grid [4, 5]. However, renewable energy-based microgrids face 

limitations arising from using static power electronics-based 

voltage source inverters (VSI) in microgrids. Therefore, it is 

vital to implement reliable and effective control 

methodologies that address the critical issues of elevating the 

transient response of microgrids [6]. 

The cascaded power-voltage-current controller scheme is 

a practical and popular control strategy. It is based on 

multiloop control with the current controller in the innermost 

loop, the voltage controller in the middle, and the power 

controller in the outermost loop. Since the voltage-current 

controllers belong to the inner loop, their operation is much 

quicker than that of the power loop [7]. A common 

configuration of the microgrid regulated by a cascaded power-

voltage-current control arrangement is shown in Fig.1. In this 

cascaded power-voltage-current control scheme, the power-

handling capability is mainly determined by the power 

controller. Droop control is commonly used for power 

controllers, which provides the reference input signal to the 

voltage and current controllers [8, 9]. Fixed droop (FD) and 

variable/adaptive droop control are the two types of available 

droop control strategies. Among the two types, FD controllers 

have a lower power handling capability than adaptive droop 

controllers. 

 

Fig. 1. Microgrid configuration controlled by power voltage 

and current control scheme. 

Therefore, the literature provides insights into different 

adaptive droop control techniques to improve the microgrid's 

stability. Adaptive droop control techniques are further 

classified as offline [10, 11] and online tuning techniques [12-

14]. Among these two, online tuning techniques gained 

popularity because of the minimum dependency on the 

system's mathematical model. Some state-of-the-art methods 

under the online category are based on fuzzy logic [12], neural 

networks [13], and state machine [14]. These conventional 

adaptive droop-based schemes offer improved stability of the 

system. However, the effect of voltage-current controllers on 

the power handling capability of adaptive droop-based control 

schemes is not fully explored. Thus, for improved transient 

response of the adaptive droop control-based system, there is 

a need for a suitable approach to be adopted for the controllers 

of current and voltage loops.  

The controllers for current and voltage loops of the 

conventional cascaded power-voltage-current control scheme 

are normally designed in the synchronous reference frame. 

However, this poses limitations in effectively handling 

unbalanced disturbances. There are two approaches to 

improving the performance of voltage-current controllers 

namely, (i) modern structures for voltage-current controllers 

[15-18] and (ii) effective tuning techniques for voltage-current 

controllers [19-24]. This paper attempts performance 

improvement from the voltage-current controllers' side from 

the second approach. Literature explored several tuning 

approaches for voltage-current controllers, such as 

conventional tuning techniques [19-21], standard tuning 

approaches based on desired damping factor [22], and pole-

zero cancellation (PZC) technique [23, 24]. Of these, PZC 

implementation is more straightforward. Moreover, PZC 

tuning greatly reduces the overlap of voltage and current 

controllers during operation.  

The conventional PZC discussed in [23] has not included 

the power controller in its study. It is verified that the 

conventional PZC in its original form fails to handle load 

disturbances when integrated with droop control for the power 

controller. Therefore, to receive help from PZC-tuned voltage 

and current controllers when integrated with the droop 

controller, the modified PZC (MPZC) is presented in this 

paper. In the proposed MPZC method, the proportional and 

integral coefficients of the current controller are tuned with 

the conventional PZC method. However, in the case of the 

voltage controller, the proportional coefficient is fixed using 

PZC while the integral coefficient is tuned using the particle 

swarm optimization (PSO) algorithm. Several works have 

discussed the use of the PSO algorithm for tuning PI 

controllers [25-27]. However, one drawback of this algorithm 

is that the obtained values for the proportional and integral 

coefficients may not always be feasible. Achieving the desired 

values often requires more and more iterations. In this work, 

since the proportional constant is fixed based on PZC, the 

likelihood of the integral coefficient deviating from the 

feasible value is significantly reduced. Consequently, the 

number of iterations needed to bring the integral coefficient 

value within a feasible range is reduced. Therefore, the 

proposed MPZC tuning method integrates the strengths of 

both the PSO algorithm and the PZC method of tuning, 

resulting in an effective tuning approach. Hereafter, the 

voltage and current controllers tuned with the proposed MPZC 

and those with conventional PI tuning techniques are referred 

to as MPZCVA and PIVA respectively.  

The proposed MPZC technique can overcome the 

limitations of the conventional PI tuning techniques and the 

recent PZC technique. Thus, to validate the efficacy of the 

proposed MPZC in enhancing the power handling capability 
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and transient response of the microgrid, a methodology 

comprised of MPZCVA and fuzzy logic-based adaptive droop 

(FAD) is formulated. The response of the proposed 

methodology (MPZCVA-FAD) is assessed by comparing it 

with those of conventional methodologies namely, (i) PIVA 

cascaded with FD controller (PIVA-FD), (ii) MPZCVA 

cascaded with FD controller (MPZCVA-FD), and (iii) PIVA 

cascaded with FAD controller (PIVA-FAD).  

The other parts of the paper are arranged as follows. The 

details of the conventional control system is given in section 

2. Section 3 discusses PZC implementation for voltage and 

current controllers and their limitations in the original form. 

Section 4 presents the implementation of the proposed MPZC 

and the rationale for its merits over conventional methods. 

Section 5 analyses the simulation results. Finally, the key 

achievements of the paper are concluded in section 6.  

2. Microgrid Conventional Control System Description 

This section describes the conventional designs of power, 

voltage, and current controllers. Here, section 2.1 describes 

FD and FAD control schemes for power controllers and 

section 2.2 describes synchronous reference frame-based 

voltage-current controllers whose PI controllers are tuned 

using traditional transient response-based methods. 

2.1. FD Control Scheme 

The power controller shown in Fig.1 comprises an active 

and reactive power droop controller. The gains of these 

controllers are pk  and qvk , respectively, and these values are 

calculated as shown in Eq. (1).  

max min

*

max min

*

o o
p

o o
qv

k
P

v v
k

Q



  
 








   (1) 

Output angular frequency o  has its maximum and 

minimum values designated as maxo  and mino , while 

output voltage's ov maximum and minimum amplitudes are 

represented by maxov  and minov , respectively. In the case of a 

fixed droop scheme, pk  and qvk are held fixed throughout the 

microgrid operation. For a given reference active power P  

and reference angular frequency 
the relation between o

and oP is given by Eq. (2). Similarly, for a given reference 

reactive power Q
 and reference output voltage ov , the 

relation between ov and oQ is given by Eq. (3). 

  * *
o p o ok P P      (2) 

 * *
o o qv o ov v k Q Q      (3) 

This method efficiently mimics the conventional 

synchronous behaviour under steady-state conditions but 

cannot effectively handle transient disturbances. 

2.2. FAD Control Scheme 

To handle transient stability problems pertaining to 

frequency and voltage, an adaptive droop control scheme is 

presented to address the drawbacks of fixed droop control. In 

the case of fuzzy logic-based control for adaptive droop gain 

adjustment, the key advantages are flexible nonlinear mapping 

of inputs with outputs, the robustness with which it handles 

uncertainties, minimal dependency on the knowledge of the 

mathematical model, linguistic interpretability for human-

readable representation of the control system and its 

adaptability to changes in system dynamics. Fuzzy logic 

control is used to adjust the droop coefficients pk  and qvk . In 

this procedure, only half of these droop coefficients i.e., AP 

and AQ are adjusted with fuzzy logic and the other half FP and 

FQ are held fixed. The corresponding equations which denote 

this procedure are shown in Eq. (4) and the corresponding 

schematic diagram is shown in Fig.2. The rules of the fuzzy 

inference system and the ranges fixed to each of the variables 

used in the inference system are portrayed in Fig. 3. 
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Fig. 2. Schematic diagram of FAD control scheme. 

 

Fig. 3. Rules of FAD’s fuzzy inference system. 

As depicted in Fig.2, the fuzzy controller receives four 

inputs and provides two outputs. The two outputs are AP and 

AQ, and the four inputs are output frequency (f), output 

frequency gradient (df/dt), deviation percentage in output 

voltage (%vdev), and output voltage gradient (dv/dt). The 
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fuzzy inference system maps the outputs with the inputs. Each 

of the four input variables and two output variables is assigned 

three triangle membership functions as shown in in Fig. 3. 

They are represented as negative (N), zero (Z), and positive 

(P). Inputs f and df/dt determine the output AP; %vdev and 

dv/dt determine the output AQ. Further, the details about these 

fuzzy rules are available in [28]. 

2.3. Conventionally Tuned Voltage and Current Controllers 

The layout showing voltage and current control modules 

designed in a synchronous reference frame is shown in Fig.4. 

These modules’ performance relies on the tuning of the PI 

controllers, as seen in the forward paths of these controllers.  

 
Fig. 4. Schematic of voltage and current controllers. 

Several tuning techniques are available in the literature. 

They are mainly classified into two categories: error 

performance index-based and open loop transient response-

based. It is proved in [23] that the CC method from the open 

loop transient response category provides the best 

performance. Thus, this paper uses the CC tuning method as 

the conventional tuning technique for tuning PI controllers of 

voltage/current control loops.  

3. PZC-based Tuning of VA Controllers 

This section describes the conventional PZC method of 

tuning the controllers of voltage and current loops. In a 

cascaded scheme, the voltage controller receives the voltage 

reference signal from the droop controller. After that, the 

current signal obtained as output from the voltage controller is 

fed as a reference input signal to the current controller, which 

finally, after processing, provides a reference signal to the 

pulse width modulation. 

3.1. Current Controller Tuning 

The current control loop is the innermost of all, and it 

regulates the inverter’s output current (ii) by comparing it with 

the inverter reference current ( )ii
 . With vi as the inverter 

terminal voltage and vo as the output voltage available at the 

load, the dynamics at the AC side of the VSI in the dq 

reference frame is given by Eq. (5). Rf is the resistance of filter 

inductance Lf. As seen in Eq. (5), the d and q-axis voltage 

equations have coupling terms. By introducing control inputs 

that encapsulate these coupling terms, the decoupling of the d 

and q axes is achieved [29]. After decoupling, the plant’s 

transfer function is given by Eq. (6). 

1
1 1
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1 1
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iq f q f o f d oq

di
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   (5) 

 
1

sA
f f

G s
sL R
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

     (6) 

When a PI controller KA(s) shown in Eq. (7) is used to 

regulate ii with respect to ii
 , the corresponding schematic 

diagram of the current control loop is shown in Fig.5. Its open-

loop transfer function is given in Eq. (8). If the tunings are 

made to the PI-current controller’s proportional and integral 

gains as shown in Eq. (9), the open-loop transfer function will 

transform to Eq. (10). Thus, the closed-loop transfer function 

of the current loop is given in Eq. (11). 

 

Fig. 5. Model of the VSI’s current control loop. 
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3.2. Voltage Controller Tuning 

The voltage loop adjusts the output voltage vo by 

comparing it with ov . Since load current primarily dictates vo, 

the dynamic equations in dq form, which represent the 

dynamics of the load, are shown in Eq. (12). 

1

1

od
f o f oq d od

oq

f o f od q oq

dv
C C v i i

dt

dv
C C v i i

dt






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

   


   (12) 

 Cf is the filter capacitance. As seen in Eq. (12), the d and 

q-axis equations are coupled. By introducing control inputs 

that encapsulate these coupling terms, the d and q axes become 

decoupled [30]. The transfer function of the plant after 

decoupling is given by Eq. (13). The tuning of the voltage loop 

follows the design of the current control loop. Thus, when a 

PI controller KV(s) shown in Eq. (14) is introduced to regulate 

vo with respect to ov , the closed loop transfer function of the 

current controller should also be included. The corresponding 

block diagram of the voltage control loop is shown in Fig.6, 

and Eq. (15) shows the corresponding open-loop transfer 

function.  

 

Fig. 6. Block diagram of the voltage control loop. 
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By assigning 0IVK  , the voltage controller’s closed-

loop transfer function is given as Eq. (16). If the adjustments 

are made to the PI-voltage controller’s proportional and 

integral gains as shown in Eq. (16), the open-loop transfer 

function becomes Eq. (17).  
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fod oqOL OL
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   (17) 

4. Proposed MPZC Technique 

This section explains the execution of the proposed 

methodology, with reference to the schematic presented in 

Fig.7. The proposed methodology uses fuzzy logic for 

adaptive droop coefficient adjustment, and the modified pole-

zero cancellation technique (MPZC) is used to tune the PI 

controllers of the voltage and current control loops. The 

details of fuzzy logic-based adaptive droop adjustment 

techniques are discussed in section 2.2. In this section, the 

implementation of MPZC for tuning voltage and current 

controllers is discussed.  

4.1. Rationale of the Proposed MPZC Method of Tuning 

The performance of current controllers tuned with the 

PZC method is satisfactory. While tuning the voltage 

controllers with the PZC method, it is assumed to 

consider KIV as zero. Theoretically, the analysis is correct, and 

the performance is satisfactory when the d and q axes are 

completely decoupled. However, the complete decoupling 

between the d and q axis is not maintained in case of a 

disturbance. Moreover, while designing the voltage 

controllers, the transfer function of the current controller 

based on the decoupling principle is included. This further 

aggravates the problem. To mitigate the disadvantage of the 

conventional PZC tuning method, while retaining the 

advantage of the same, the value of KPV is fixed at the same 

value as obtained by the conventional PZC method. However, 

KIV is adjusted to a non-zero value by using PSO. 

4.2. Objective Function and Problem Formulation 

The PI controller of the voltage loop compares the output 

voltage with the voltage reference and produces a control 

signal to minimize the error e(t). The output of the PI 

controller is expressed as shown in Eq. (18).  

( ) ( ) ( )PV IVu t K e t K e t        (18) 

Zero steady state voltage difference is attained by 

reducing the integral time absolute error (ITAE) of the 

objective function given by Eq. (19). Finally, the optimization 

problem is framed as shown in Eq. (20). The constraint 

ensures that the value of the decision variable ‘KIV’ is limited 

within the feasible region represented as xlowerbound and 

xupperbound respectively. 

0

 

simt

i iF t v v dt        (19) 

  

  

IV

lowerbound upperbound

Minimize F x

x K

subject to x x x




 
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Fig. 7. Block diagram of the proposed VSI’s control methodology. 

 

4.3. PSO Method of Solving the Problem 

PSO stands as a metaheuristic optimization algorithm, 

employing a population of particles traversing a search space 

to discover the best solution for a given problem. Each particle 

denotes a potential solution, dynamically adjusting its position 

by drawing upon its individual experience and the shared 

knowledge of the entire swarm. Through iterative updates of 

particle velocity and position, influenced by both individual 

and global best positions, PSO effectively traverses the search 

space, gradually converging toward the optimal solution. It 

begins with initializing the population of the ‘n’ number of 

particles in the search space and initializing the number of 

decision variables ‘m’. Each particle has a position vector Xi 

= [xi,1, xi,2, ..., xi,n]T representing a potential solution and each 

particle also has a velocity vector Vi = [vi1, vi2, ..., vin]T 

indicating the direction and speed of movement. In general, 

the vector of the ith particle in the population is defined as t
iX

shown in Eq. (21) for iteration t, where i=1, 2…, n and m=1, 

2…, j. For the present case, there is only one decision variable 

KIV, therefore the vector t
iX is expressed as shown in Eq. (22). 

,1 ,2 ,3 ,, , ,....t t t t t
i i i i i mX X X X X 

 
   (21) 

,1
t t t
i i IViX X K    

   
    (22) 

In the next stage, the fitness of each particle  IViF K is 

assessed depending on the problem’s objective function 

wherein the fitness value indicates the position quality of the 

particle. The existing fitness value of the ith particle is 

evaluated in relation to its best fitness value PBest,i, it has 

previously reached. In case the existing fitness is greater than 

PBest,i, then update PBest,i and remember the corresponding 

position XBest,i. Later, the updated fitness of each particle is 

checked against the best fitness value reached by any particle 

up to the present moment, GBest. In case the present fitness is 

better than GBest, update GBest and remember the corresponding 

position XBest. In the next stage, the velocity and position of 

each particle are updated using the equation shown in Eq. (23) 

and Eq. (24) respectively. Here, ‘w’ is the inertia weight that 

dictates the influence of the particle's prior velocity, while c1 

and c2 are acceleration coefficients denoting the cognitive and 

social components, r1 and r2 are random numbers between 0 

and 1. 

1 1 , 2 2 ,( 1) ( ) ( ) ( )i Best i i i Best i iV t c r P X wV t c r G X       (23) 

,1
t t t
i i IViX X K    

   
    (24) 

The procedure repeats until a termination criterion 

namely, the maximum count of iterations (tmax) is arrived and 

the desired fitness value is achieved. The final position vector 

of the particle with the best fitness value (GBest) represents the 

optimal KIV value for the given problem. The pseudo-code of 

the PSO algorithm used for the proposed method is displayed 

in Table 1.  

Table 1. PSO algorithm used for the proposed method 

Pseudo Code:  

Start 
Initialize the population ‘n’ and decision variable ‘KIV’ 

within the search space 

Initialize Vi and Xi for each particle 

Set PBest and GBest in the given population 

Set feasible region of values for KIV  

Set the maximum number of iterations 

while t ≤ tmax 

 for i = 1: n 

  update particle's velocity Vi(t+1) as per (23) 

  update particle's position Xi(t+1) as per (24) 

  evaluate the fitness PBest,i of particle's new 

position 

 end for 
 for i = 1: n 

  if fitness of the new position is better than the 

particle's best fitness 

   update particle's best fitness and position 
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  end if 
  if fitness of the new position is better than the 

global best fitness 

   update global best fitness and position 

  end if 
 end for 

end while 
return GBest as optimal solution of decision variable ‘KIV’ 

end 

5. Simulation and Discussion 

The test microgrid of this study comprises one DG unit 

with a rated capacity of 25kW+j25kVar and two three-phase 

loads (load-1 and load-2). An LC filter connects the DG unit 

to the load, which receives power from the source when the 

corresponding breaker gets closed. The system model is 

implemented in MATLAB/Simulink software. The input DC 

voltage of VSI is 540V and the filter parameters are Rf = 

0.1mohm, Lf=1mH, and Cf=5mf. The control specifications of 

the system are shown in Table 2. 

Table 2. Voltage and current controller’s coefficients. 

Coeff

icient 
Description CC PZC MPZC 

KPA Proportional coefficient 

of the current controller 

3.2 

×10-3 

1.2 

×10-1 

1.2 

×10-1 

KIA Integral coefficient of 

the current controller 

1 

×10-1 

6.7 6.7 

KPV Proportional coefficient 

of voltage controller 

4 

×10-3 

5.65 

×10-4 

5.65 

×10-4 

KIV Integral coefficient of 

voltage controller 

3.02 

×10-5 

0 2.48 

×10-1 

The study system is simulated with four different control 

methodologies, and the performance of these systems is 

evaluated under five test cases (T1-T5). While load-1 is a 

fixed type that exists throughout the operation, load-2 is a 

variable load that remains active between 80-90sec. Therefore 

between 80-90secs, the net load seen by the system is the sum 

of load-1 and load-2. Hence, load-2 is selected carefully, so 

the resultant load during 80-90sec will destabilize one of the 

conventional methodologies. This is the principle in setting 

different test cases, whose details are presented in Table 3. 

 Table 3. Summary of different test cases 

Test 

case 

Load-1 

(kW+jkVar) 

Load-2 

(kW+jkVar) 

Power factor 

0-80 

sec 

80-90 

sec 

90-160 

sec 

T1 1.2+j0.3 0.3+j0.5 0.97 0.88 0.97 

T2 1.2+j0.3 0.3+j1.0 0.97 0.76 0.97 

T3 1.2+j0.3 0.3+j1.5 0.97 0.64 0.97 

T4 1.2+j0.3 0.3+j2.5 0.97 0.47 0.97 

T5 1.2+j0.3 0.3+j3.5 0.97 0.37 0.97 

The four control methodologies tested in this work are i) 

conventional PIVA-FD, ii) conventional MPZCVA-FD, iii) 

conventional PIVA-FAD, and iv) proposed MPZCVA-FAD. 

The testing of these methodologies is taken up in two phases 

to ensure clarity of results. Initially, conventional PIVA-FD 

and MPZCVA-FD schemes are tested under T1-T3. Later, 

conventional PIVA-FAD and proposed MPZCVA-FAD 

schemes are tested under T3-T5. 

5.1. Test Cases T1and T2 

As mentioned earlier in this section, conventional PIVA-

FD and MPZCVA-FD are tested during these test cases. The 

corresponding frequency and voltage results with the PIVA-

FD method are seen in Fig.8 and Fig.9, respectively. Similarly, 

the frequency and voltage results with the MPZCVA-FD 

method under these test cases are seen in Fig.10 and Fig.11, 

respectively. Frequency results seen in Fig.8(a) and Fig.10(a) 

confirm the ability of both methods to maintain stability. This 

identification is further confirmed by the voltage results, as 

shown in Fig.8(a) and Fig.10(a), which show no waveform 

distortions. During T2, as Fig.8(b) noticed, the frequency 

output with the PIVA-FD method has exceeded the 

permissible limits. This shows that the PIVA-FD method has 

failed to maintain stability. This stability loss is confirmed by 

distorted voltage results shown in Fig.9(b). 

 

Fig. 8. Frequency response with conventional PIVA-FD 

method under (a) T1, (b) T2, and (c) T3. 

 

Fig. 9. Voltage response with conventional PIVA-FD under 

(a) T1, (b) T2, and (c) T3. 
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Fig. 10. Frequency response with conventional MPZCVA-

FD method under (a) T1, (b) T2, and (c) T3.

 

Fig. 11. Voltage response with conventional MPZCVA-FD 

method under (a) T1, (b) T2, and (c) T3. 

The frequency stability limits are 51Hz on the upper side 

and 49Hz on the lower side. This criterion is used to verify 

frequency stability in all the test cases. In contrast, during T2, 

the MPZCVA-FD method had maintained stability. The 

confirmation of this is seen in Fig.10(b) and Fig.11(b). This 

confirms that the proposed MPZC method can enhance the 

power handling capability of the power controller. 

5.2. Test Case T3 

During T3, the MPZCVA-FD method failed to maintain 

stability. The frequency result from Fig.10(c) and voltage 

result from Fig.11(c) confirms the inability. The frequency 

results with PIVA-FAD and the proposed MPZCVA-FAD 

show that both methods can maintain stability. This confirms 

the need to replace the fixed droop logic with adaptive droop 

logic to enhance the power handling capability. The frequency 

result of both methods is very much within the stability band, 

as seen in Fig.12. Furthermore, the voltage results shown in 

Fig.13 show no distortions. However, superior performance 

from the proposed MPZCVA-FAD method than the 

conventional PIVA-FD method can be observed from the 

active power and reactive power output results, as shown in 

Fig.14 and Fig.15, respectively. The key identifications that 

justify the supremacy of the proposed MPZCVA-FAD 

methodology above the conventional PIVA-FAD 

methodology from test case T3 are mentioned as follows. 

 During startup, the proposed methodology reached a 

steady state faster than the conventional methodology 

which took around 40 sec to settle. 

 At 80 sec, concerning overshoot in active power, as seen 

in Fig.14, the proposed methodology has produced less 

overshoot than the conventional methodology. 

 As seen from Fig.14 and Fig.15, even though load-2 is 

disconnected at 90 seconds, a prolonged operation is seen 

with the conventional methodology. However, the 

proposed methodology shows an immediate change after 

90 seconds, which is very desirable for good transient 

response. 

 The undershoot in active power after disconnection of 

load-2 with the proposed methodology is much lesser 

than with the conventional methodology. 

 The overshoot in reactive power after disconnection of 

load-2 with the proposed methodology is almost nil when 

compared to the conventional methodology. 

 
Fig. 12. Frequency response of conventional PIVA-FAD and 

proposed MPZCVA-FAD during T3. 

 

Fig. 13. Voltage during T3 with conventional PIVA-FAD 

(upper trace) and proposed MPZCVA-FAD (lower trace). 

 

Fig. 14. Active power responses of conventional PIVA-FAD 

and proposed MPZCVA-FAD during T3. 



 

INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
M. Srikanth and Y. V. P. Kumar, Vol.16, No.1, March, 2026 

 

96 
 

 

Fig. 15. Reactive power responses of conventional PIVA-

FAD and proposed MPZCVA-FAD during T3. 

5.3. Test Case T4 

During T4, the responses of the conventional PIVA-FD 

method and the proposed MPZCVA-FAD method are shown 

in Fig.16 to Fig.19. From the frequency result shown in 

Fig.16, both methods have successfully maintained frequency 

stability. However, after disconnection of load-2, i.e., around 

90sec, a little distortion is seen in the frequency result with the 

conventional method. Since this deviation is slight, no impact 

is seen in the voltage output as shown in Fig.17. But, the 

impact of this distortion in frequency result is seen in the 

active/reactive power output results, as shown in Fig.18 and 

Fig.19. The key identifications noted in T3 are valid in this 

test case also. 

 

Fig. 16. Frequency response of conventional PIVA-FAD and 

proposed MPZCVA-FAD during T4. 

 

Fig. 17. Voltage during T4 with conventional PIVA-FAD 

(upper trace) and proposed MPZCVA-FAD (lower trace). 

 

Fig. 18. Active power responses of conventional PIVA-FAD 

and proposed MPZCVA-FAD during T4. 

 

Fig. 19. Reactive power responses of conventional PIVA-

FAD and proposed MPZCVA-FAD during T4. 

5.4. Test Case T5 

During T5, the responses of the conventional PIVA-FD 

method and the proposed MPZCVA-FAD method are shown 

from Fig.20 to Fig.23. The frequency results shown in Fig.20 

demonstrate the failure of the conventional method and the 

ability of the proposed method to maintain stability. This is 

further confirmed by the voltage result, as shown in Fig.21, 

where the voltage output of the conventional PIVA-FD 

method is heavily distorted while the voltage quality with the 

proposed method is satisfactory. The active and reactive 

power output results are shown in Fig.22 and Fig.23, 

respectively. It is seen from these results that, after 

disconnection of load-2 at 90sec, the proposed method has 

continued to perform satisfactorily. In contrast, the 

conventional method has failed to deliver the required active 

and reactive powers. This test case confirms that the proposed 

MPZC method has allowed the voltage and current controllers 

to extend their support in enhancing the power handling 

capability of the adaptive droop control.  

 

 

Fig. 20. Frequency response of conventional PIVA-FAD and 

proposed MPZCVA-FAD during T5. 

 

Fig. 21. Voltage during T5 with conventional PIVA-FAD 

(upper trace) and proposed MPZCVA-FAD (lower trace). 

A summary of the test results of different conventional 

and proposed methodologies under different test cases T1-T5 

is presented in Table 4. In this table, NA refers to “not 

applicable”, and “Failed” indicates stability failure. 
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Fig. 22. Active power responses of conventional PIVA-FAD 

and proposed MPZCVA-FAD during T5. 

 
Fig. 23. Reactive power responses of conventional PIVA-

FAD and proposed MPZCVA-FAD during T5. 

Table 4. Summary of test results obtained with the conventional and proposed methodologies 

Characteristics 
Test 

Case 

Conv. 

PIVA-

FD (I) 

[9], [20] 

Conv. 

MPZCVA-FD 

(II) 

[23] 

Conv. 

PIVA-

FAD (III) 

[28], [32] 

Prop. 

MPZCVA-

FAD (IV) 

Best 

Method 

Frequency characteristics 

 

Desired Limits: 

 Max: 51 Hz 

Min: 49 Hz (IEEE 1547) 

Max 

value 

(Hz) 

T1 50 50 50 50 All 

T2 51.5 50.1 50 50 II, III, IV 

T3 54 52 50 50 III, IV 

T4 56.3 54.7 50.1 50 III, IV 

T5 58.6 56.9 50.4 50 IV 

Min 

value 

(Hz) 

T1 50 50 50 50 All 

T2 48 50 50 50 II, III, IV 

T3 43 42 50 50 III, IV 

T4 41.8 41.2 49.9 50 III, IV 

T5 40.0 39 49.6 50 IV 

Power characteristics 

 

Desired: 

 System stability: Stable 

 Extra burden: low 

 Recovery time: less 

System 

stability 

(Pass / 

Fail) 

T1 Pass Pass Pass Pass All 

T2 Failed Pass Pass Pass II, III, IV 

T3 Failed Failed Pass Pass III, IV 

T4 Failed Failed Pass Pass III, IV 

T5 Failed Failed Failed Pass IV 

Extra 

burden 

(Watts) 

T3 NA NA 900 600 IV 

T4 NA NA 1400 1100 IV 

T5 NA NA NA 1500 IV 

Load 

recovery 

(sec) 

T3 NA NA 10 0 IV 

T4 NA NA 10 0 IV 

T5 NA NA NA 0 IV 

Voltage characteristics 

 

Desired: 

 Quality: 200V max for 

600V peak (IEEE 

C62.41.2) 

 Start-up time: 0 sec 

Peak 

change 

(volts) 

T3 Failed Failed 85 56 IV 

T4 Failed Failed 285 64 IV 

T5 Failed Failed Failed 73 IV 

Start-up 

(sec) 

T1 16 0 16 0 II, IV 

T2 16 0 16 0 II, IV 

T3 16 0 16 0 II, IV 

T4 16 0 16 0 II, IV 

T5 16 0 16 0 II, IV 

6. Conclusion 

This paper proposes a modified pole-zero cancellation 

technique for tuning the controllers of the current and voltage 

control loops of the microgrid’s VSI. This proposed tuning 

technique uses the PSO algorithm to design the integral 

coefficient of the voltage controller. The output of the 

proposed MPZCVA-FAD methodology is compared with 

three conventional methodologies, namely, PIVA-FD, 

MPZCVA-FD, and PIVA-FAD, under five test cases T1-T5 

as defined in Table 3. Based on the analysis of test results 

shown in Fig.8 to Fig.23, and from Table 4, the salient 

identifications of this work are provided as follows. 

 In Test Case T2, it is observed that the maximum 

frequency deviation using the conventional PIVA-FD 

method was 51.5 Hz, whereas with the conventional 

MPZCVA-FD method, it is reduced to 50.1 Hz. This 

signifies the MPZC as an effective tuning technique.  

 In all test cases, it is observed that the methodologies with 

MPZCVA offered a quicker start-up (around 1 sec) than 

the conventional PIVA (around 16 sec). 
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 In Test Case T4, it is observed that the conventional 

PIVA-FAD method resulted in an overshoot of 1400W in 

active power at the instant of load switch-on. However, 

the proposed MPZCVA-FAD method led to a lesser 

overshoot of 1100W under the same conditions. This 

proves that the proposed method will comparatively 

reduce overshoot in active power under load switch on. 

 During T3 and T4, the conventional PIVA-FAD method 

took around 10 sec to return to normalcy after the load 

switched off, while the proposed method quickly returned 

around 1 sec to normalcy. 

 Under T5, the proposed method by maintaining stability 

has demonstrated that the power handling capability of 

the adaptive droop scheme can be pushed further with 

MPZC-tuned voltage and current controllers. 

The results validate the superior response of the proposed 

method (MPZCVA-FAD) against the conventional 

methodologies (PIVA-FD, MPZCVA-FD, and PIVA-FAD), 

emphasizing its effectiveness in enhancing the power handling 

capability and transient response in microgrids. 
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