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Abstract 

This paper presents an automatic parameter adjustment technique for synchronous power controllers (SPC) in order to improve 

the dynamic frequency stability of the low inertia power systems. The proposed control method is based on a novel transfer 

function in which various grid and converter controller parameters involved in the stability studies have been thoroughly 

included. As the main contribution of this paper, the eigenvalue trajectory of the proposed transfer function has been 

determined, considering the variations of both virtual inertia and damping control parameters simultaneously. Furthermore, any 

corresponding operating point on this eigenvalue trajectory can be specified based on the desired frequency response 

characteristics of the system. Therefore, the inertia and damping coefficients of the converter controller can be simultaneously 

adjusted through the proposed controller algorithm as the second contribution of this paper. Also, as another novelty of this 

paper, it is demonstrated through analytical and theoretical studies that both damping ratio and natural frequency characteristics 

of a dynamic frequency response have profound effects on the controller parameter value adjustments. Simulation results have 

been employed in MATLAB/Simulink to confirm the performance of the proposed controller regarding the appropriate 

parameter value adjustments, development of the desired dynamic frequency responses, and the prominent interactions 

between the frequency response characteristics and the converter controller parameters. 
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1. Introduction 

Currently, the overall layout of the electrical network is 

profoundly evolving from a synchronous generator (SG) 

dominant configuration into a converter dominant structure 

[1]. In fact, the global energy crisis, market issues, 

environmental costs, and the need for clean energy sources 

has made it inevitable to integrate the renewable energy 

sources (RESs) to the power grid. Therefore, various kinds 

of the RES topologies such as wind, photovoltaic, wave, etc. 

have been widely installed within the power grid in the past 

few years [2]. This rapid penetration of RESs leads to an 

increased share of converter-based energy sources 

compared to the available synchronous power suppliers of 

the grid. Thus, this modern configuration of the power 

system demands a novel properly designed controller which 

can guarantee the appropriate operation and the stability of 

the system while maximizing the hosting capacity of the 

grid [3,4]. 

The main drawback of this modern renewable-based 

configuration is that the integration of these non-

synchronous generation units widely affects the angular 

frequency stability of the power networks since the 

interactive converters utilized in this structure are unable to 

provide frequency support characteristics, unlike the SGs 

[5,6]. Therefore, novel controller architectures are required 

in order to overcome this challenge as the integration of 

power electronics increases in the power system [7-9]. 

Conventionally, the power system stabilizers (PSS) have 

been used to damp the electro-mechanical (EM) oscillations 

of the system. However, the sporadic tuning feature of the 

PSS shows weakness against the changing operating 

conditions of the network and thus, leads to deterioration in 

system performance [10]. In this regard, additional RESs 

are required to provide frequency support through their 

converter interfaces [11]. 

To this end, several solutions have been proposed 

regarding the frequency stability issues and the desired 

inertial responses of the modern power systems [12-15]. 

Initially, droop control structures have been proposed to 

approximate the EM behavior of SGs in providing the 
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intended frequency support for the system [16]. 

Unfortunately, these traditional droop-based schemes are 

mostly effective for steady-state regulations of frequency 

while the dynamic states are neglected [17]. On the other 

hand, various studies propose detailed emulations of SG 

characteristics in the converter control structure [18]. 

Despite representing similar behavior to SGs, these models 

tend to add unnecessary complexity and computational 

burdens to the controller [13,19]. In this regard, other 

topologies have been employed based on the swing 

equation principles in order to provide the desired 

frequency support characteristics [20,21]. Among them, 

synchronous power controller (SPC) has been considered as 

a popular topology towards virtual inertia implementation 

in the electricity networks [22]. The overall structure of 

SPC consists of the cascaded voltage and current control 

loops through the usage of a virtual admittance [23]. 

Furthermore, a second order model can be utilized instead 

of the swing equation in this structure to provide an over-

damped response for inertia emulation [22,24]. The 

inherent synchronism capability as well as over-current 

protection are considered as the superiorities of this 

method; however, tuning the control parameters can 

become complex here due to the nested loop structure [13]. 

In this regard, the appropriate adjustment of the control 

parameter values is of great importance in ensuring the 

sustainable performance of the system. Reference [25] 

proposes an optimization procedure to properly tune 

controller parameters and optimize the placement of the 

converter which can be considered scalable and efficient to 

some extent but still adds to the computational burdens of 

the controller. Recently, novel procedures such as model 

predictive control [26] and artificial intelligence approaches 

[27,28] have also been applied in the literature in order to 

determine the optimal operating point of the controller. On 

the other hand, the presence of these various control 

parameters necessitates detailed analytical studies on the 

interactions between controller components and the power 

loop sustainability and dynamics [29].  In this regard, 

several studies employ root-locus analysis as a powerful 

approach towards the evaluation of controller parameter 

impacts on dynamic performance of the system [30-32]. 

Among relevant literature, [33] demonstrates the profound 

effects of damping ratio on the transient response of the 

controller while considering this as the main determinative 

component influencing dynamic stability alongside virtual 

inertia. 

This paper presents a novel control strategy which 

enables dynamic frequency stability improvements of the 

low inertia power grids through automatic adjustment of the 

SPC parameters. It is good to mention that the SPC method 

proposed by Rodriguez et al. in [34] has been utilized here 

as the basic control structure in order to develop the 

proposed control algorithm. In this regard, a novel transfer 

function is proposed which includes all the significant grid 

and converter controller parameters that should be involved 

in the stability studies. This comprehensive transfer 

function then provides the eigenvalue trajectory of the 

system based on the simultaneous variations of both virtual 

inertia and damping control parameters, which is 

considered as the first novelty of this paper. Since any 

specific operating point on this eigenvalue trajectory 

corresponds to a particular frequency response 

characteristic, a novel control algorithm has been designed 

to accurately adjust the controller parameter values based 

on the desired frequency response characteristics of the 

system, which is considered as the second contribution of 

this paper. Furthermore, analytical and theoretical studies 

have been performed to investigate the interactions between 

both damping ratio and natural frequency characteristics of 

a dynamic frequency response and the corresponding 

controller parameter values, as the third novelty of this 

paper. Finally, simulation results are provided in 

MATLAB/Simulink in order to demonstrate the 

functionality of the proposed controller in assigning proper 

controller parameter values to achieve the anticipated 

dynamic frequency responses as well as the major role of 

both damping ratio and natural frequency characteristics in 

the adjustment of converter controller parameters. 

The rest of the paper is organized as follows. Section 2 

outlines a general overview of the SPC structure, which is 

then followed by the provided mathematical equations and 

analytical studies in order to obtain a novel transfer 

function for the proposed controller. Section 3 provides a 

description of the system performance based on the 

proposed transfer function and studies the interactions 

between the intended frequency response characteristics 

and the converter controller parameters. The overall 

configuration of the proposed control algorithm is 

demonstrated in Sect. 4 while the simulation scenarios, as 

well as the results' discussions, are represented in Sect. 5. 

Finally, conclusions are specified in Sect. 6. 

2. SPC-based Renewable Structures 

Control of a grid-connected voltage source converter 

(VSC) utilized in a distributed generation (DG) unit can be 

obtained based on the SPC structure proposed in [34]. The 

general schematic diagram of this control method is 

demonstrated in Fig. 1. The SPC method consists of 

multiple control layers including the active and reactive 

power controller, the virtual admittance concept, and the 

current controller. As demonstrated in Fig. 1, the voltage 

reference *e  is constructed based on the provided 
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Fig. 1. General schematic diagram of the synchronous power controller 

reference magnitude *E and the phase angle ref . In this 

regard, *E can be produced by the reactive power 

controller while the EM equation of a synchronous machine 

is employed as the active power controller in order to create 

ref . This structure results in an inherent synchronization 

capability which leads to a smooth transition between 

isolated and grid connected operation modes. In addition to 

that, the virtual admittance concept is also utilized in SPC 

in order to adjust the reference current provided for the 

current controller. 

Focusing on the inertia emulation capabilities of SPC, Fig. 

2a demonstrates the implementation of the EM model of a 

SG in the VSC controller. On the other hand, power grid 

operates mostly based on SG units. In this regard, the EM 

equations of the SG-based grid have been depicted in Fig. 

2b. 

It should be noted that while including the governor 

delay characteristics are inevitable in a SG structure, they 

can be easily omitted from the VSC controller. Therefore, 

the equations describing these two control structures can be 

written as: 

( ) ( ) ( )0 0
c c

ref out c c ref c c ref c c ref
P P K D J s


       − − − − − = −  (1) 

( ) ( ) ( )0 0
1s s

s

ref out s ref s s ref s s ref

s

K
P P D J s

sT

        − − − − − = −
+

 (2) 

where, ref , 
0 , and   represent the reference, nominal, 

and output frequencies in rad/s while the subscripts c  and 

s  are utilized in order to distinguish  between the 

converter and SG controller parameters. In addition to that, 

J , D , K , and sT  represent the characteristics of  

inertia, damping, droop, and the SG governor time constant 

respectively while refP  and outP  demonstrate the 

reference and output active powers. In this regard, 

considering: 
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(b) 

Fig. 2. Dynamic models of the electro-mechanical equations implemented 

in the: (a)VSC controller, and (b)SG-based grid 

c c ref   = −              (3) 

c cc ref outP P P = −           (4) 

s s ref   = −           (5) 

s ss ref outP P P = −           (6) 

The transfer functions of the abovementioned controllers 

can be obtained as: 

( )
0 0

1c

c

c c c c

G s
P J s D K



 


= =
 + +

          (7) 

( )

0 0

1

1

s

s

ss
s s

s

G s
KP

J s D
sT





 


= =


+ +
+

          (8) 

On the other hand, a simplified equivalent schematic 

diagram of the grid connected VSC has been shown in Fig. 

3. In order to study the stable operation of this system, it is 

good to keep in mind that load active power dynamics will 

eventually result in frequency dynamics. Since the SPC 

structure used in the converter controller is considered to be 

responsible for this frequency dynamic adjustment, the 

transfer function from 
c  to 

lP , denoted as ( )G s , 

would be one of the most beneficial functions used in our 

stability studies. 

( ) ( )c c c c

c

l c l l

P P
G s G s

P P P P

    
= =  = 
   

          (9) 

Considering a total impedance of 
c

Z Z 
→

=  between 

the converter internal voltage (
c c

E E 
→

= ) and the grid 

voltage at PCC (
PCC PCC

V V 
→

= ), the active power 

exchange can be calculated as: 
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Fig. 3. Simplified schematic diagram of the grid-connected VSC 

 

( )
2

cos cos
c pcc PCC

c

c c

E V V
P

Z Z
  = − −           (10) 

where
c PCC

  = − . Therefore, assuming a mostly 

inductive characteristic for the output impedance along with 

a small value for  , (10) can be rewritten as: 

'c pcc

c c

c

E V
P P

X
 = =           (11) 

where, 
cX  represents the inductive component of 

cZ . In 

this regard, we have '

c c cP P  =  .  

On the other hand, considering 

( )c s c s dt    − =  − , we have: 

( )' ' c s

c c c c sP P P
s

 
 

 −  
 =  = +  

 
          (12) 

Since 
c s lP P P+ =  and 

' '

s l c

s

s s

P P P

P P


  −
 = = , (12) 

can be rewritten as: 

( ) ( ) ( )' ' '

' '

c c s c l c c

c

s s

P P P P P
P

s P P

  −  
 = + −           (13) 

which leads to: 

' '

1 1 1 1
c c s s

c s

P P
s sP P

  =  −  +            (14) 

Since ( )c c cG s P =   and ( )s s sG s P =  , (14) can 

be rewritten as: 

( ) ( )
' '

1 1 1 1
c c c s s s

c s

P G s P P G s P
s sP P

 −  =  −            (15) 

which then leads to: 

( )

( )

'

'

1 1

1 1

c

s c

c
s

s

G s
sP P

P
G s

sP

−


=


−

          (16) 

Considering (16), the transfer function of  

( )G s described in (9) can be represented as follows: 

( ) ( ) ( )
( )

( )

( )

'

'

1

1 1
1

1
1 1

(17)cc c

c c

sl c s
c

cc

s

s

G sP
G s G s G s

PP P P
G s

sPP

G s
sP

 
= =  =  =

  + 
−+


+

−

 

Since having the transfer function in terms of detailed 

grid and converter controller parameters would provide a 

clearer view for our further stability studies (provided in the 

next section), a more extended version of ( )G s  can be 

developed as ( )
( )

( )

num s
G s

den s
=  where: 

( ) ( ) ( )

( ) ( )

3 2

0 0 0

' '

0
18

s s s s s

s s s s s

num s J T s J D T s

D K P T s P


  



= + +

+ + − −

( ) ( )

( )

(

) ( )

' '

2 4

0'

' '

2 2 2 3

0 0 0 0'

' '

2 2 2

0 0 0 0'

' 2

0 0 0

' '

'

c s

c s s

c

c s

c s c s s s c s s s c

c

c s

c s c s s c s c s

c

s c s s c s s s c

c s

c

P P
den s J J T s

P

P P
J J J D T J D T J T K s

P

P P
J D J K J D D D T

P

J K D T K P T J J s

P P

P





 



   

   

  

+
=

+
+ + + +

+
+ + + +

+ + − +

+
+

  
  
  

  
  
  

 
 
 




( )

( ) ( )

( ) ( )

2

0 0 0

' ' '

0 0

' '

0
(19)

s c c s s c s c

s s c s s s c s s c

s s c s s c

D D D K D K K K

P J J P T D D P T K s

P D D P K K

   



 

  

 



+ + +

− + − + −

− + + +

 
 
 



  

 

As can be seen, this specific function contains various 

grid and converter controller parameters and thus can be 

very beneficial for stability study purposes. 

3. Small Signal Stability Studies Based on the 

Proposed Transfer Function of G(s) 

Unlike conventional grid structures based on SGs with 

physical limitations, the values of the virtually emulated 

control parameters are adjustable in a converter dominant 

structure. In this regard, root locus analysis can be applied 

as a powerful method in order to clarify the frequency 

stability constraints based on the converter controller 
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parameters' variations. Since for stability studies, 

eigenvalue analysis is performed on the denominator of the 

proposed transfer function, the quadratic equation of den(s) 

represented in (19) will be studied hereafter. 

In order to evaluate the frequency stability of the system 

based on the variations of the virtually emulated inertia and 

damping factors of the converter (
cJ  and 

cD ), the root 

locus analysis for (19) has been demonstrated in Fig. 4a 

considering the 
0 100 = rad/s, ' 1sP MW= , 10sT s= , 

52 10sK =  , 50sJ = , 0sD = , ' 300cP kW= , 

35 10cK =  , 3cJ = , and variable 
cD . As it can be seen, 

each point on the modal trajectory of this quadratic 

equation represents an operating point of the controller with 

specific 
cJ  and 

cD values. Therefore, as the dominant 

roots of the operating points move further away towards the 

left of the imaginary axis, the controller is expected to 

provide a more stable frequency response as a result. In this 

regard, 3 different values of 
cD on the proposed eigenvalue 

trajectory have been considered and then, the corresponding 

time domain frequency responses of the system have been 

demonstrated in Fig. 4b. As expected before, increasing the 

damping factor of 
cD  in the controller can result in a more 

damped frequency response since the dominant roots of the 

corresponding operating points are moving towards more 

stable areas on the root locus trajectory as well. 

 

1

2

3

4

cD

cD

cD

cD

 

 
Fig. 4. The impacts of damping factor variations on the system: (a) 

eigenvalue trajectory, and (b) time domain frequency responses 

considering different D values 

 

In addition to that, it is clear that each of the operating 

points with particular 
cJ  and 

cD  values will eventually 

result in a dynamic frequency response with specific 

damping ratio (  ) and natural frequency (
n ) 

characteristics. In this regard, the idea of an automatic 

parameter adjustment technique, using the eigenvalue 

trajectory of the proposed quadratic equation for the 

controller, will be thoroughly discussed in the next section. 

However, it would be beneficial to study the effects of 
cJ  

and 
cD  variations on both   and 

n  characteristics in 

advance. For this purpose, Fig. 5a and Fig. 5b are provided 

here in order to demonstrate the influence of the controller 

parameter variations on   and 
n  of the obtained 

frequency response, respectively. 

As it can be seen in Fig. 5a, the damping ratio ( ) is not 

noticeably influenced by inertia variations while it 

considerably changes with damping factor (
cD ). At first,  

  increases to the maximum of 1 as the damping factor 

increases and then gradually decreases to a minimum of 

about 0.6 and remains almost constant thereafter. 

In this regard, it can be concluded that the intended 

damping ratio of a desired frequency response is able to 

suggest the appropriate ranges of Dc to choose from. As 

mentioned above, one range of 
cD  can be offered to 

provide 0.6   while, for greater amounts damping ratio, 

two ranges of cD  will be suggested. 

On the other hand, 
cD  has only minor influence on 

n  

(except in small values of 
cJ ) as demonstrated in Fig. 5b. 

Thus, since 
n  clearly decreases when 

cJ  increases, the 

natural frequency of oscillation can be utilized in order to 

choose the proper inertia constant values. In this regard, the 

demand for a lower 
n  in frequency response could lead 

to a higher 
cJ  value selection. 

Overall, it can be mentioned that based on the    

characteristics of the frequency response, acceptable ranges 

of cD  are determined and then, based on the desired n   

values, the corresponding cJ  can be specified among the 

available options. In addition to that, the lower intended 

n  values will lead to higher corresponding cJ  choices 

among the acceptable ranges of 
cD . The concepts of these 

relations between the proposed controller parameters and 

the system’s dynamic frequency response characteristics 

will be utilized later in the simulation results analysis in 

order to validate the performance of the proposed controller. 
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(a) 

(b) 

Fig. 5. The interactions between controller parameter values and frequency 

response characteristics: (a) influence of the controller parameter 

variations on damping ratio, and (b) influence of the controller parameter 

variations on natural frequency 

4. Proposed Controller Design 

As mentioned before, any specific operating point on the 

eigenvalue trajectory of the system will lead to a particular 

frequency response characteristic. Therefore, given the   

and 
n  characteristics of the intended dynamic frequency 

response, the corresponding controller parameters can be 

accurately determined based on the proposed root-locus 

analysis of the system. In this regard, the eigenvalue 

trajectory of the proposed transfer function of G(s) has been 

demonstrated in Fig. 6, where the variations of both control 

parameters of cJ  and cD  have been considered at the 

same time. For this purpose, cJ  and cD  have been 

varied from 0.5 to 10 and 0 to 500, respectively while, all 

other parameter values have been considered similar to 

those mentioned previously. 

On the other hand, it should be noted that the both virtual 

components of inertia and damping utilized in the proposed 

converter control structure show considerable impact on the 

obtained frequency response dynamic. Thus, the ideal 

control method should be able to simultaneously adjust 

these two parameters in an automated procedure. Having 

that in mind, Fig. 7 presents the configuration of the 

proposed control algorithm in the form of a flow chart. As 

expected, the inertia and damping coefficients of the 

converter controller are automatically adjusted through the 

proposed controller algorithm, considering the desired 

dynamic frequency response characteristics. Most 

importantly, though, it should be mentioned that the main 

superiority of this method lies in the comprehensive 

transfer function of G(s), which has been proposed in order 

to thoroughly include the various system and controller 

parameters involved in the stability studies. 

 

2
1

3

4

cJcD

 
Fig. 6. Root locus trajectory of the proposed controller considering various 

inertia and damping coefficients 

Input:

 Overall system parameter values

+

Desired frequency response characteristics

Creating the eigenvalue trajectory of the  

controller based on G(s), considering various 

virtual inertia and damping coefficients

Automatic adjustment of the controller 

parameters (virtual inertia and damping 

coefficients)

Output:

System operating point specifications    

according to the desired damping ratio 

and natural frequency characteristics

Performing the simulations to provide the 

intended frequency response characteristics

 
Fig. 7. Flow chart of the proposed controller algorithm for automatic 

adjustment of the SPC parameters 
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5. Simulation Results and Discussions 

The overall configuration of the SPC-based grid-

connected VSC, demonstrated in Fig. 8, has been simulated 

in MATLAB/Simulink. Moreover, the proposed controller 

described in Fig. 7 has also been applied to the 

abovementioned structure in order to validate the 

appropriate functionality of the algorithm through 

simulations. In this regard, the values of various circuit 

components as well as the operational conditions applied to 

the simulations are listed in Table 1. 

In order to clarify more details about the above-

mentioned system and the proposed controller, various 

aspects of the provided simulation scenarios have been 

studied separately in the following sections. In this regard, 

the overall performance of the SPC-based virtual 

synchronous generator (VSG) has been studied in Sect. 5.1 

while, the appropriate operation of the proposed control 

algorithm has been modified in Sect. 5.2. In addition to that, 

the intended dynamic frequency responses of the system in 

accordance with the controller parameter specifications 

have been verified through simulations in Sect. 5.3. 

5.1 Simulation Analysis of the SPC-based VSG 

Considering the proposed configuration of the system and 

controller shown in Fig. 8, the grid-connected VSG is 

supposed to provide a share of load’s active and reactive 

power requirements in accordance with the intended 

references. In this regard, the primitive references of the 

converter’s active and reactive power ( 1refcP and 1refcQ ) are 

considered to be 200 KW and 20 KVar, respectively. Figure 

9 shows load, converter, and grid’s active and reactive 

power dynamics before and after the connection of the 

second load at 3s. As it can be seen, before 3s, the converter 

can perfectly provide 1refcP and 1refcQ  while the remaining 

share of load’s active and reactive power has been 

compensated by the grid. The same applies when after 3s, 

the second load is connected, and the active and reactive 

power requirements of the load are increased by fifty 

percent. In this regard, 2refcP and 2refcQ  have been adjusted 

to 300 KW and 30 KVar, respectively and the controller 

follows the intended references after 3s, as well. 

In addition to that, the SPC structure considered in this 

configuration includes the virtual inertia emulation 

characteristics which can improve the dynamic frequency 

responses of the converter. It should be mentioned that all 

simulation results in this paper are represented according to 

load dynamics at t=3s in order to keep the focus on the 

effects of the proposed inertia controller on frequency 

dynamics. In this regard, Fig. 10 shows the frequency 

dynamics of the SPC which have been developed as a result 

of the load dynamics at 3s. As it can be seen, the controller 

can provide the desired stability of the frequency response, 

integrating the inertia characteristics into the conventional 

converter control structure. 

Overall, the abovementioned configuration is perfectly 

capable of providing the intended active and reactive power 

references, while the virtual inertia emulation 

characteristics of the SPC controller considered in this 

structure can make the desired SG-like dynamic frequency 

response available as well. 
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Fig. 8. Overall configuration of the simulated SPC-based VSC structure connected to the grid 
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Table 1. Parameter values and operational conditions 

applied to simulations 

Items Values 

dc-link voltage vdc 1800 V 

Grid voltage (vg) (L-L,rms) 400 V 

Converter-side filter resistance (Rfc) 0.4 Ω 

Grid-side filter resistance (Rfg) 0.3 Ω 

Shunt filter resistance (Rf) 5 Ω 

Converter-side filter inductance (Lfc) 2 mH 

Grid-side filter inductance (Lfg) 1 mH 

Shunt filter capacitance (Cf) 9 F 

Grid resistance (Rg) 1 mΩ 

Grid inductance (Lg) 0.04 mH 

Nominal frequency (f0) 50 Hz 

Switching/Sampling frequency 10 KHz 

Frequency droop coefficient (Kc) 5000 

Voltage droop coefficient (Kvc) 100 

Virtual resistance of the controller (load1 connected) (Rv1) 1.39 Ω 

Virtual inductance of the controller (load1 connected) (Lv1) 0.4 mH 

Virtual resistance of the controller (load2 connected) (Rv2) 0.93 Ω 

Virtual inductance of the controller (load2 connected) (Lv2) 0.3 mH 

Load1 active power (PL1) 300 KW 

Load1 reactive power (QL1) 30 KVar 

Primitive reference of converter active power (Prefc1) 200 KW 

Primitive reference of converter reactive power (Qrefc1) 20 KVar 

5.2 Simulation Verification of the Proposed Control 

Algorithm 

In order to evaluate the appropriate performance of the 

proposed control algorithm, 3 different frequency response 

characteristics have been considered and the corresponding 

simulation results are provided here. As mentioned in the 

flowchart of Fig. 7, the proposed algorithm firstly creates 

the eigenvalue trajectory of the system based on the overall 

system parameter values while considering various amounts 

of virtual inertia and damping coefficients. Then in the next 

step, the appropriate operating points can be identified 

based on the desired   and n  values. 

 

 
Fig. 9. Simulation results of the SPC-based structure considering second 

load connection at 3s: (a) load, converter, and grid’s active power 

dynamics, and (b) load, converter, and grid’s reactive power dynamics 

 
Fig. 10. Frequency dynamics of the proposed SPC-based controller 

considering load dynamics at 3s 

Finally, the algorithm will automatically adjust the virtual 

inertia and damping coefficients of the SPC controller, 

shown in Fig. 8. With that in mind, Fig. 11a demonstrates 

the eigenvalue trajectory of the simulated configuration as 

well as the convenient operating points of the system, 

considering the desired frequency response characteristics. 

These identified parameter values have then been applied to 

the controller and the obtained simulation results are 

demonstrated in Fig. 11b. 



 

9 

 

 









(a)  

 
Fig. 11. Simulation results of the proposed control algorithm considering 3 

different frequency response characteristics: (a) demonstration of the 

corresponding operating points detected on the eigenvalue trajectory, and 

(b) time domain frequency responses of the system regarding the adjusted 

operating points. 

As it can be seen in Fig. 11a, three different frequency 

response characteristics considering   values of 0.72, 

0.86, and 1 have been selected while the 
n  values have 

also been set to 23.3, 38.2, and 50.5 respectively. In this 

regard, as the intended operating points are moving further 

away towards the left of the imaginary axis in the root-

locus trajectory, the simulation results show more stability 

in the time domain frequency responses of the system. 

Furthermore, Fig. 11b shows that the overshoot decreases 

while   increases and the frequency response becomes 

more stable as expected. Therefore, the proposed control 

algorithm is perfectly capable of the appropriate adjustment 

of controller parameters in accordance with the desired 

frequency response dynamics. 

5.3 Simulation Analysis of the Correlations Between 

Controller Parameters and the Dynamic Frequency 

Response of the System 

As mentioned before, both   and n  characteristics 

are dominant and effective in determining the controller 

parameter values. This can be clearly acknowledged in Fig. 

11b where the second operating point with  =0.7 still 

leads to a few fluctuations in frequency before reaching the 

steady-state, whereas a more smooth interaction between 

VSG and the power grid is expected with this damping ratio 

[35]. The reason for this is that the effect of the natural 

oscillation frequency (
n ) has been neglected here, while 

both   and 
n  parameters should be carefully 

considered in dynamic frequency studies. 

In order to evaluate the correlations between these 

frequency response characteristics and the adjusted 

controller parameter values, two operating points are 

selected considering  =0.7 and different 
n  values. 

Meanwhile, it is expected that with the same amount of 

damping ratio, a decrease in 
n  will lead to a decrease in 

dynamic frequency response oscillations. In this regard, as 

demonstrated in Fig. 5a, considering  >0.6 suggests two 

ranges of 
cD  for the controller among which, as 

mentioned in Fig. 5b, the need for a lower 
n  value leads 

to the selection of the 
cD  range corresponding to the 

larger inertia coefficients. Therefore, decreasing 
n  from 

23.3 to 7 while maintaining  =0.7 results in the two 

operating points of 
0.5

30

c

c

J

D

=


=
  and 

10

216

c

c

J

D

=


=
, 

respectively. Figure 12 demonstrates the dynamic frequency 

response of the proposed system, considering the above-

mentioned operating points. It is clearly shown that the 

adjustment of virtual inertia and damping coefficients with 

the aim of reducing 
n  will lead to a more damped 

frequency response as expected. 

 
Fig. 12. Frequency dynamics of the proposed control algorithm 

considering two different frequency response characteristics 
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5. Conclusion 

This paper presented an automatic parameter adjustment 

method for SPCs to enhance the dynamic frequency 

stability of the low inertia grids. In this regard, a novel 

transfer function has been proposed in terms of detailed 

grid and converter controller parameters which are involved 

in the stability studies. Then, considering the simultaneous 

variations of both virtual inertia and damping parameters of 

the controller, the eigenvalue trajectory has been 

determined for the denominator of this proposed transfer 

function as the first contribution of this paper. Furthermore, 

since any specific operating point on this eigenvalue 

trajectory of the system leads to a particular frequency 

response characteristic, a novel control algorithm has been 

proposed as the second contribution of this paper which can 

accurately adjust controller parameter values according to 

the desired frequency response characteristics of the system. 

Finally, analytical and theoretical studies have 

demonstrated profound interactions between both damping 

ratio and natural frequency characteristics of dynamic 

frequency response and the corresponding controller 

parameter values, as another novelty of this paper. 

Simulation results in MATLAB/Simulink have 

demonstrated the proficiency of the proposed controller in 

assigning appropriate controller parameter values in order 

to obtain the intended dynamic frequency responses as well 

as the significant role of both   and n  characteristics in 

the stability studies. 
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