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The specification of the cut-off frequency of the LPF and the Tω of 
the MAF helps the controller parameter (kp) to adjust accordingly. kp 
can be designed by utilizing the equations below.

The transfer function presented in an open-loop condition can be 
denoted as:
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The transfer function for tracking error per each phase:

H s
s s

s H s
e

e

i ol
( )

( ) ( )
( ) ( ( )

� �
�

�

�
�

�

�
�

�� �
�
�

�
1

1
	 (20)

The change in settling time of Ge(s) considering 2% of evaluation, as 
a function of kp presented for in-phase and frequency jump scenar-
ios, as seen in Fig. 4. The value of kp, which in both cases is 90, results 
in the optimal settling time.

D. Hysteresis Controller for PV-DVR
According to the reference voltage signals, corrections have been 
created. To assess the inaccuracy, the real load voltages are com-
pared to the reference voltage signals. The hysteresis controller has 
been used to generate three HC switching signals using the col-
lected errors. However, for the DVR to function, six gating signals are 
needed, as presented in Fig. 6(a). Three further gating pulses for the 
DVR are produced by inverting the acquired HC1, HC2, and HC3. As a 
result, the created pulses activated the DVR’s switches. The hysteresis 
band and error signals are presented in Fig. 6(b).

VI. RESULTS ANALYSIS AND DISCUSSION

The working of the proposed controller for the elimination of 
power quality issues has been achieved by the proposed PV DVR. 
Therefore, stepwise iteration of the proposed control strategies 
has been explained by the flowchart illustrated here in Fig. 7. 
Simulation of the proposed model has been achieved by adopting 
MATLAB/Simulink platform. The system parameters are illustrated 
in Table I.

Fig. 11.  Source voltage dual sags elimination: (A) Source voltage with dual sags, (B) compensation signals from DVR, and (C) regulated load 
voltages.
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A. Simulation Results for Dynamic Voltage Restorer Operation

Source voltage with high distortions like voltage sags, voltage 
swells, and injection of harmonics is introduced to the distribu-
tion network in the presence of severe grid voltage fluctuations. 
The occurrence of any kind of voltage disturbance will affect the 
load operation and aging subsequently. Therefore, the controller 
proposed in this research paper for the Solar PV-based DVR has 

shown its performance under various conditions of the grid with 
simulation parameters in Table II. The cases are discussed below 
for validation of the proposed controller.

Case 1: Voltage Harmonic Case for SPV-Based DVR

The grid voltage with harmonics due to disturbances will also 
affect the load behavior during abnormal operation. In the 

Fig. 12.  Source voltage swells elimination: (A) Source voltage with swells, (B) compensation signals from DVR, and (C) regulated load voltages.

TABLE III.  COMPARISION FOR THD% FOR CONVENTIONAL CONTROLLER AND PROPOSED CONTROLLER

Grid Voltage​

THD %

Without 
Compensation Va

After 
Compensation Va

Without 
Compensation Vb

After 
Compensation Vb

Without 
Compensation Vc

After 
Compensation Vc

380 V Conventional-based 
SRF controller

30.31 4.0 30.2 5.01 30.21 4.95

380 V DSOGI-based SRF 
controller

30.31 2.01 30.2 2.0 30.21 1.98
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presnted Fig. 9(a), it is noticed that the grid voltages have harmon-
ics present in the voltage waveform. To remove the harmonics in 
the load voltages and provide balanced voltages, the proposed 
controller for the SPV-based DVR has generated the compensa-
tion signals as presented in Fig. 9(b). The regulated load voltages 
are presented in Fig. 9(c).

Case 2: Voltage Sag Case for SPV-Based DVR

In the case of voltage sags in the grid voltage, the amplitude of the 
3-phase voltages will be lowered up to 20–30% from the original 
amplitude of the source voltage. In Fig. 10(a), it is clearly noticed 
that the voltage sag appears from 2.10 s to 2.15 s in the grid voltage. 
The utilization of the control algorithm as proposed in this research 
work has the efficiency to compensate for the voltage sags and pro-
vide regulated voltage to the loads connected to this power net-
work. Therefore, from Fig. 10(c), it is observed that the load voltage 

is regulated by the proposed control algorithm with compensation 
signals in Fig. 10(b). To analyze the system performance with the 
proposed controller, a sudden dual sag case is also considered here  
for verification. 

Case 3: Voltage Swell Case for SPV-Based DVR

The source grid voltage will experience voltage swell conditions 
during a sudden increase in voltage amplitude up to 20–30%. In the 
given Fig. 11(a), the grid voltages with a sudden swell is presented, 
where approximately 20% swell has been noticed. Therefore, to pro-
vide regulated power supply to the loads, the proposed controller of 
the SPV-based DVR has generated a compensated signal as given in 
Fig. 11(b). In Fig. 11(c), the regulated voltage for the load voltage has 
been presented.

In research work, Table III represents the comparison of the total 
harmonic distortions for the conventional SRF control methodology 
and the proposed SOGI-based SRF controller. It is noticeable that 
the THD% has been significantly reduced for the proposed control-
ler in comparison to the conventional SRF controller as presented in 
Fig. 13. The DC link voltage has been regulated to 710 V as presented 
in Fig. 12(c). The integrated PV system characteristic has been pre-
sented in Fig. 14.

Fig. 14.  PV system characteristics: (A) I–V characteristics of a PV 
system and (B) PV characteristics of a PV system.

Fig. 13.  Harmonic analysis: (A) THD before compensation, (B) THD 
after compensation, and (C) regulated DC link voltage.



Electrica 2025; 25: 1-16
Mallajoshula and Naidu. Novel DSOGI based SRF Controller

14

VII. CONCLUSION

This paper illustrates the adoption of advanced controller meth-
odologies to achieve regulated load voltages under dynamic grid 
conditions in a PV-based DVR system. Unpredictable conditions like 
voltage harmonics, voltage sags, dual sags, voltage swells are desired 
to be eliminated by the PV-based DVR system. Integration of the PV 
system with DVR , stabilizes the DC link of the system. Therefore, in 
this paper, a novel SRF controller with DSOGI PLL has been employed 
for the improvement of power quality. The novel SRF controller is 
able to generate suitable reference signals, and DSOGI PLL provides 
synchronization signals to the controller under dynamic conditions. 
The model has been validated under severe grid conditions like 
voltage harmonics, voltage sags, dual sags, voltage swells on the 
simulation platform. The results are analyzed minutely, justifying the 
satisfactory performance of the PV-DVR system.
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