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Abstract. Phase locked loop (PLL) is a feedback system that has a vital role in the grid-connected 
inverter systems. The primary function of PLL is to obtain various grid information, such as magnitude, 
frequency, and phase. That used as the basis for the synchronization process. The primary purpose of this 
paper is to model and compare the performance SOGI-FLL (Second Order Generalized Integrator - 
Frequency Locked Loop) With SOGI-PLL, which is a relatively standard PLL. Besides that, this paper 
also aims to investigate the effect of FLL feedback gain on synchronization performance. Based on the 
simulation results, the performance of SOGI-FLL in its steady state is superior to that of SOGI-PLL 
especially for the condition of a single phase power systems that change in frequency. 
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1 Introduction 
Grid Inverters are one of the essential components in 
renewable power generation that connected to the grid. 
In recent years, grid inverters have been widely applied 
in single phase systems, such as on-grid PV systems [1-
3]. 

Grid connection requirements, the inverter must 
continue to operate and be connected to the grid even 
though the grid is experiencing interference, such as 
damage to grid devices, connection, and interconnection 
of electrical loads, and voltage inter-phase imbalances 
[4].  

Grid inverter system must have the ability to detect 
interference quickly, so that information on grid 
parameters such as the phase and magnitude needed by 
the on grid control inverter system are still available 
accurately. 

An essential component in a grid inverter system that 
is responsible for providing information on magnitude, 
phase and frequency is PLL. 

The PLL method has advantages in terms of 
simplicity, and the resulting output is relatively useful 
for detecting voltage signal parameters, so it is widely 
applied in inverter components. In addition to inverters, 
PLL is also widely applied in the electrical field, such as 
telecommunications systems, electric power systems, 
motor control systems, and so on. 

Based on its structure, there are various PLL single-
phase such as inverse park transform [5, 6], SOGI [7-9], 
Hilbert Transform [10-12], T/4 delay PLL, and 
Enhanced PLL [13]. In general, the main difference 

between PLL topology is how orthogonal signals 
generated by the orthogonal signal generator (OSG). 

The main task of the PLL structure is to provide grid 
parameter references and monitor it, to ensure that the 
performance of the grid-connected system meets the 
standard requirements, if the instantaneous voltage on 
the grid rises or falls, the inverter output voltage must 
also follow. Likewise, if the frequency on the grid rises 
or falls, then the inverter output frequency must also 
follow [14]. 

This paper model and compares the performance of 
SOGI-FLL with SOGI-PLL, and investigates the effect 
of FLL feedback amplifiers on synchronization 
performance. The software used in this study is Matlab / 
Simulink. 

2 SOGI-PLL Model 
One of the standard PLL types commonly used to detect 
phase angles, the magnitude of the voltage and 
frequency is SOGI-PLL as shown in Fig. 1. 

 

Fig. 1. SOGI-OSG based PLL 

The input signal is u wave and two sine output 
signals (y and y'), y and y' ideally different phases of 90° 
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so easily transformed in a park transformation[15]. The 
SOGI-OSG structure in continuous time-domain models 
presented in Fig. 2, and was defined in Eq. (1) to Eq.(3) 
[16]. 

Fig. 2. SOGI-OSG in continuous time-domain 

=    (1)

=  ,   (2) 

=  .   (3) 

Where U(s) is an input signal while Y(s) and Y'(s) are 
output signals, Signal E(s) is the difference between 
input U(s) and output Y(s). The parameter k amplifying 
error signal E(s) affects the transient response. The 
SOGI-OSG structure presented in Fig. 2 has a wave-like 
output presented in Fig. 3.
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Fig. 3. Orthogonal voltage generator system y[n] dan y’[n] 

(alpha) represents Y(s) and  (beta) represents 
Y’(n) in the SOGI-OSG output. Then the park 
transformation represents the fixed frame of reference 
(αß) produced by the SOGI-OSG system into a moving 
frame of reference dq.  represents the voltage 
magnitude, and  denotes a vector of that magnitude, 

the value should be close to zero. Transformation will 

give the value  and  was defined in Eq. (4) to 
Eq.(5). 

=                  (4)

=                  (5)

Then the output of the park transformation will be given 
a PI control to get the frequency and phase values of the 
actual grid.

3 SOGI-FLL Model  
SOGI-FLL is a type of PLL which is the result of the 
development of SOGI-PLL. The SOGI-PLL described in 
the previous section has one major disadvantage, when 
the input signal frequency is outside the 50Hz power 
grid operational standard, SOGI output loses tracking 
accuracy. Frequency feedback will provide an essential 
role for SOGI control, so grid parameter estimates 
remain accurate. FLL gain (�) affects transient waves.
The SOGI-FLL structure in continuous time-domain
models presented in Fig. 4 [16].

Fig. 4. SOGI-FLL in continuous time-domain 

4 Simulation Results and Discussion
In this paper, the investigation of PLL performance is 
carried out by simulation studies. The software used in 
this study is Matlab/Simulink. Performance 
investigations include PLL responses to changes in 
frequency and magnitude of single-phase power input 
and investigating the effect of FLL feedback amplifiers 
on synchronization performance. The PLL structure 
presented has several parameters, as shown in Table 1.

Table 1. PLL Parameters

Parameters SOGI-PLL  
SOGI-FLL 

K 1,2 1,2

Kp 1 1

Ki 1 1

2�(50) 2�(50)

� - -1

4.1 The performance of PLL against grid 
magnitude changes 

Fig. 5 shows a single phase grid magnitude profile with a 
frequency of 50 Hz which will be detected by SOGI-
PLL and SOGI-FLL. Based on the figure, that from 0 to 
0.16 seconds the magnitude of the grid is worth 311 
volts (220√2), while from seconds to 0.16 to 0.24 
seconds the magnitude decreases to 150 volts, while 
from seconds to 0.25, the magnitude returns to normal. 
The estimation of the voltage, frequency and phase 
magnitudes by these PLLs is shown in Fig. 6 to Fig. 8. 
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Fig. 5. Single phase PLL input voltage profile 
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Fig. 6. Results of magnitude detection with SOGI-PLL and 
SOGI-FLL 
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Fig. 7. Results of frequency detection with SOGI-PLL and 
SOGI-FLL 
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Fig. 8. Results of phase detection with SOGI-PLL and SOGI-
FLL 

 As can be seen from the simulation results, the 
output magnitude, frequency, and phase angle results of 
detection of SOGI-PLL and SOGI-FLL are entirely 
accurate even though the grid is changing magnitude, 
transient waves occur at the magnitude and frequency 
detection but only at 0 to 0.05 seconds. The magnitude 
detection shows that the grid is 311 volts (220√2), 
seconds 0.16 to 0.24 seconds the magnitude decreases to 
150 volts, seconds to 0.25, the magnitude returns to 

normal. Frequency detection also shows an accurate 
value of 50Hz. In addition to the magnitude and 
frequency, the saw wave-shaped phase with a value of 0 
- 6,28rad represents a value of 0 - 2π which is the size of 
theta (θ) also shows an accurate value.

4.2 The performance of PLL against grid 
frequency changes 

Fig. 9 shows changes in the frequency of grid detected 
by SOGI-PLL and SOGI-FLL. Based on fig.9 it appears 
that the frequency in seconds 0 to 0.15 is 50Hz, the 0.15 
seconds changes in frequency. SOGI-FLL can detect 
49Hz frequencies and adapt at 0.2 seconds, while SOGI-
PLL cannot detect frequencies accurately, from Fig. 9 
showing frequencies ranging from 48.5Hz to 49.5Hz. 
Changes in frequency in the grid also affect the 
estimated magnitude and phase angle, as shown in Fig. 
10 and Fig. 11.
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Fig. 9. Results of frequency change detection by SOGI-PLL 
and SOGI-FLL 
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Fig. 10. Results of magnitude detection with SOGI-PLL and 
SOGI-FLL for electrical voltage profiles that 
experience changes in frequency 
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Fig. 11. Phase detection results with SOGI-PLL and SOGI-
FLL for electrical voltage profiles that experience 
changes in frequency 
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As can be seen from the simulation results, SOGI-
FLL in its steady state is relatively accurate. Even 
though under voltage and frequency conditions that 
change, different results  shown at SOGI-PLL output, 
changes in frequency in the grid cause magnitude 
detection inaccurate frequency and phase, changing 
frequency between 48.5 Hz to 49.5 Hz, magnitudes 
ranging from 311 volts to 325 volts, as well as phase 
detection, frequency changes in the grid cause delays in 
phase detection. 

4.3 The influence of FLL feedback amplifiers on 
synchronization performance 

Judging from its transient performance, the output of 
SOGI-FLL in response to changes in frequency and 
magnitude shows a relatively slow response even though 
steady-state shows an accurate value, it is necessary to 
look for FLL feedback gain that has the lowest transient, 
so that changes in frequency or magnitude as fast can be 
detected to support synchronization performance. 

Gamma (�) as in the SOGI-FLL structure shown in 
Fig. 4, simulated in Fig. 12 to Fig. 13. 
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Fig. 12. Comparison of FLL feedback gain against the 
detection of voltage magnitude 
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Fig. 13. Comparison of FLL feedback gain against frequency 
detection 

From the simulation shown Fig. 12 the magnitude 
detected by SOGI-FLL with gamma -1 has an overshoot 
value of 2.8% from a magnitude of 311 volts, this value 
is lowest compared to other FLL feedback gain.
Likewise in the frequency detection shown in Fig. 13. 
The frequency detected by SOGI-FLL has an overshoot 
value of 10% of the grid frequency 50Hz; this value is 
the lowest compared to other FLL feedback gain. The 
lower the overshoot value, the better the synchronization 
system. Fig.14. Shows an FLL feedback gain that has a 

value greater than -1. The picture shows inaccurate 
magnitude detection, as in the SOGI-PLL system. 

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
0

50

100

150

200

250

300

350

400

450

500

Time (s)

M
ag

ni
tu

de
 (v

ol
t)

 

 
gamma=0
gamma=0.1
gamma=0.2

Fig. 14. Effect of FLL feedback gain greater than -1 against 
magnitude detection 

From the simulation shown in Fig. 12. to Fig. 14. it
can be concluded that the FLL feedback amplifier that 
has the best performance is gamma -1, from the 
simulation, shows the transient wave overshoot value of 
at least 2.8%, and the system can adapt to changes in the 
frequency of the grid within 0.05 seconds. 

5. Conclusion 
Based on the simulation studies that have conducted, it 
appears that SOGI-FLL is superior to SOGI-PLL in a 
steady state, but in a transient state, SOGI-PLL is 
superior to SOGI-FLL. 

The next topic of this research is the realization of 
SOGI-FLL into a real-time algorithm on the digital 
signal controller (DSC) system. 
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