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Abstract 

Synchronous Reference Frame Phase Locked Loop (SRF PLL) has been widely used for synchronization three-phase grid-
connected photovoltaic (PV) system. On the grid fault, SRF PLL distorted by negative sequence component and grid harmonic 
that caused an error in estimating parameter because of ripple and oscillation. This work combined SRF PLL with Dual Second 
Order Generalized Integrator (DSOGI) and filter to minimize ripple and minimize oscillation in the phase estimation and 
frequency estimation. DSOGI was used for filtering and obtaining the 90o shifted versions from the vαβ signals. These signals 
(vαβ) were generated from three phase grid voltage signal using Clarke transform. The vαβ signal was the inputs to the positive-
sequence calculator (PSC). The positive-sequence vαβ was transformed to the dq synchronous reference frame and  became an 
input to SRF-PLL to create the estimation frequency. This estimation frequency from SRF PLL was filtered by the low-pass filter 
to decrease grid harmonic. Moreover, the output of low-pass filter was a frequency adaptive. The performance of DSOGI PLL 
with filter is compared with DSOGI PLL, SRF PLL, and IEEE standard 1547(TM)-2003. The improvement of DSOGI PLL with 
filter gave better performances than DSOGI PLL and SRF PLLbecause it minimized ripples and oscillations in the phase and 
frequency estimations. 
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I. INTRODUCTION 

Several countries in the world developed renewable 
energy systems. They are used to reduce environmental 
damage. One of the most potentials of Renewable 
Energy Source (RES) is photovoltaic (PV) [1]–[3]. 

The Distributed Generation (DG) system enables 
interconnecting RES with grid [4]. One of the 
alternatives to support the available traditional energy 
sources in meeting the demand for power by customers 
is grid-connected PV system [5]. Grid-connected PV 
system must obey international standards for 
interconnecting RES with electric power systems[6]. 

The three-phase PV system injects active and 
reactive power into the grid using a control power 
conditioning system (PCS) [7]. PCS is also handling 
conditions of grid fault [8]. PV produces DC voltage so 
PCS in PV system consists of the chopper circuit and 
grid side converter (GSC). Chopper circuit function as 
DC power controller such as boost converter while GSC 
such as the inverter is used to convert DC voltage into 
AC voltage [9].  

Synchronization manages interconnection grid-
connected PV system by synchronizing the output of 
inverter with grid specifications. The input of the 
synchronization is three phase grid voltage signal [10], 
while the output of the synchronization is amplitude, 

phase angle, and frequency estimation [11], [12].The 
classic method SRF PLL is called dq PLL or park 
transform based PLLbecause this method is required for 
park transformation. SRF PLL is the most commonly 
used for synchronization [11]. In the synchronization 
process, the SRF PLL is known as PLL, that is simple 
and easy to be implemented in the system. This method 
requires orthogonal voltage system to estimate the phase 
angle, frequency, and amplitude of the grid voltage 
[10]–[12]. 

Second order generalized integrator (SOGI) has 
several functions such as filter, phase shifted reference 
waveforms regulator, and signal parameters estimation 
such as amplitude, frequency, and phase angle [13], 
[14]. SOGI is used to generate an orthogonal voltage 
system as an input of PLL to estimate signal parameter 
[14]. In the three-phase system, Dual second order 
generalized integrator (DSOGI) is used to estimate 
signal parameter [13], [15], [16]. 

Unbalance grid conditions disturb the 
interconnecting in SRF PLL [17]. Mostly, SRF PLL in 
single phase is distorted by negative sequence 
component [18]. SRF PLL which is distorted by 
negative sequence component caused by unbalance grid 
conditions creates some errors on phase estimation by 
oscillation [19]. During grid voltage amplitude 
variations, and frequency variations, SRF PLL on single 
phase takes a long time to reach the settling time [20]. 
SRF PLL is sensitive to the unbalance grid conditions 
and the frequency variations, influenced frequency and 
phase estimations [21]. In [17]–[21] SRF PLL is 
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combined with SOGI to handle the problem caused by 
grid conditions. This combination increases harmonic 
ripple when frequency adaptive experiences deviations 
of second harmonic ripples. In the three-phase grid-
connected PV system, the unbalance grid conditions and 
the grid harmonic distortions, frequency and phase 
estimations of SRF PLL are distorted by negative 
sequence component and harmonic. 

In this paper, DSOGI-PLL synchronization 
algorithm with filter is used to remove the negative-
sequence component and filter the harmonic distortion. 
The phase angle estimation, frequency estimation, THD 
current (THDi), and power flow condition are obtained 
from simulated DSOGI PLL synchronization algorithm 
with filter. The DSOGI PLL synchronization algorithm 
with filter is compared with DSOGI PLL, SRF PLL and 
IEEE standard 1547 (TM)-2003 [22]. The result of 
simulation shows that the DSOGI PLL with filter 
reduces the oscillation and harmonic ripple on 
estimation phase and estimation frequency. 

Section 2 will describe the three-phase grid-
connected PV system. SRF PLL synchronization 
algorithm is described in Section 3. The main section is 
DSOGI PLL synchronization algorithm with filter on 
three-phase grid-connected PV systems is included in 
Section 4. Simulation of synchronization on three-phase 
grid-connected PV system using software PSIM is 
described in section 5. Section 6 will present the results 
and analysis of the simulation DSOGI PLL 
synchronization algorithm with filter on three-phase 
grid-connected PV system. Section 7 of this paper 
contains the conclusions of this paper. 

II. GRID-CONNECTED PHOTOVOLTAIC SYSTEM 
The grid-connected PV system requires an observer 

of the power flow from the renewable energy source to 
grid [23]. PCS use to control the power factor on the 
Voltage Source Inverter (VSI) as well as ensure the 
power quality which is injected into the grid [8], [23]. 

Block diagram of three-phase grid-connected PV system 
shows in Figure 1 [11], [24]. 

The global three-phase grid-connected PV system 
consists of two subsystems that are power subsystems, 
and the control subsystems [25]. Power subsystem 
consists of PV panels, boost converter, VSI, and filter L. 
PV panels produce DC power according to the level of 
illumination and temperature [26], [27]. The series-
parallel arrangement of PV panels is also affect the 
power produced by PV [28]. VSI is composed of 
semiconductor electronic devices such as diodes and 
IGBTs [29]. VSI is used to convert DC power into AC 
power [30]. While the PWM works as controller of 
IGBT on VSI by giving the signal as the power to 
switch [31]. Figure 1 shows the power of PV on the DC 
side of the inverter which isdescribed in (1), (2) and (3) 
[25]. 

boost clink cci i i= −                                   (1) 

cc a a b b c ci s i s i s i= + +                            (2) 

boost
clink dc

dv
i c

dt
=                                 (3) 

where iboost, vboost is the current and output voltage boost 
converter, icc is the current flows into the three-phases of 
VSI, iclink is current to the capacitor, clink is the value of 
the capacitor, Vdc is the voltage across the capacitor, sa, 
sb, sc is the state of the power-poles (1: 'on', 0: 'off', and 
sa, sb, sc is upper pole, sa/, sb/, sc/ is lower pole in the 3-
phase VSI), and the line currents are ia, ib, ic. 

The power flow from the three-phase VSI uses the 
theory of active power (p) and reactive power (q). 
Active power (p) and reactive power (q) can be 
expressed in (4), (5) [25], [24]. 

sa la sb lb sc lcp v i v i v i= × + × + ×                         (4) 

( ) ( )1 {3 sa sb a sb sc lbq v v i v v i= − × + − ×  

 ( ) }sc sa lcv v i+ − ×           (5) 
 
where vsa, vsb, vsc is the voltage system and i|a, i|b, i|c is 
the current in the system. 

 
Figure 1. Block diagram of three-phase grid-connected photovoltaic system.
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Beside regulating the power flow, PV power system 
ensures the power quality by obeying the power quality 
regulation where the total THD current and THD 
voltage in the three-phase system is 5%, and follow 
some other rules [22]. The standard resume for RES 
connections with a grid is explained on [6]. The control 
subsystem consists of the Maximum Power Point 
Tracking (MPPT) algorithm, the outer loop PI 
controller, the inner loop PI controller and the 
synchronization algorithm [24]. MPPT is one of the 
important algorithms for grid-connected PV system, for 
tracking the maximum power of PV Panels [32]. 

At the outer loop, the DC voltage regulator on the 
capacitor link is compared to the DC voltage reference 
of the MPPT control. It aims to keep the DC voltage on 
the DC side of the inverter to be constant and ensures 
the power flow between the PV source and the utility 
grid. The output of outer loop is an input of the PI 
controller inner loop according to [24] to generate iq* 
on the dq reference frame. While id* is obtained from 
open loop control power factor. 

III. SRF PLL ALGORITHM SYNCHRONIZATION 
SRF PLL synchronization Algorithm is widely used 

in the synchronization three-phase grid-connected PV 
system. The primary arrangement of SRF PLL is shown 
in Figure 2  and it includes 3 basic blocks [33]. 

Figure 2 shows SRF PLL synchronization 
algorithm consist of three basic blocks, the first block is 
phase detector in the SRF PLL using park transform. 
This block is used to generate the difference of phase 
between the input signal and the output signal. The 
second is loop filter used as filtering features to 
eliminate the high-frequency from the Phase Detector 
output. Usually, the second block consists of PI 
controller or first-order low-pass filter. The third block 
is voltage controlled oscillator (VCO). In this block, the 
angular frequency of grid voltage is added to generate 
the frequency and phase estimation. The equation of 
phase estimation and frequency estimation from SRF 
PLL are calculated using (6) and (7) [33]. 

 

( )
( )

( )'
1

p i s p
q

k k T s k
s v s

s
ω ω+

+ ⋅ −
= ⋅ +

−
              (6) 

( )' '
1
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s

s
θ ω

⋅
= ⋅

−
                                     (7) 

 
where ki and kp are parameters on PI, Ts is the sampling 
time of the continuous system, ω is the angular 
frequency of grid voltage, v+

q is an input signal from a 
grid, ωʹ is frequency estimation and θʹ is phase 
estimation. 
 

 
Figure 2. Block diagram of SRF PLL for Three Phase 

IV. DSOGI PLL SYNCHRONIZATION 
ALGORITHM WITH FILTER 

A synchronization algorithm is required to obtain a 
controllable power factor from the grid voltage signal 
[23]. However, the voltage signal can be distorted by 
the unbalance grid condition. In addition, the error of 
the sensor can produce second-order harmonic [34]. On 
the three-phase utility grid, Positive Sequence Detector 
(PSD) based on the symmetrical component method or 
Fortescue theorem on [35] is used on Dual Second 
Order Generalized Integrator Phase Locked Loop 
(DSOGI PLL) synchronization algorithm [16], [36], 
[37]. Generally, DSOGI PLL is developed using grid 
voltage signal on the stationary reference frame (α,β). 
Quadrature signals generated based on double SOGI 
(QSG) are used to filter and obtain quadrature signals, 
the signals that shift 90o from the original signal. The 
transfer function of SOGI is explained by (8) and the 
block diagram of a quadrature signal based on SOGI 
(QSG) is presented in Figure 3 [34], [36], where ω’ is 
the frequency adaptive and k is the gain of the SOGI 
(QSG). Then the signal obtained from DSOGI 
quadrature signals generator (QSG) is used as inputs on 
the instantaneous symmetrical components (ISC) 
method in the stationary reference frame (αβ). This 
voltage on stationary reference frame will be 
transformed into dq form and will be used by SRF PLL 
to make adaptive frequency and phase angle estimation. 

( ) ( ) 2 2

' 's
'v

vSOGI s s
k sε

ω
ω

= =
+

                    (8) 

From the Figure 3, the transfer functions of the in-
quadrature signals respectively suggest a behavior of 
band-pass filter D(s) and low-pass filter Q(s). The 
transfer functions of thefilters are described by (9) and 
(10) [34], [36]. 
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' '
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             (9) 
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2
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ω
ω ω

= =
+ +

            (10) 

 
Equation (10) implies a lag of 90o between qvʹ and 

v, and is not a function of the variation of ωʹ and k. This 
function is insensitive to the frequency variations in the 
input signal (v) when ω=ωʹ (ω is the angular frequency 
of the input signal). Equations (9) and (10) are second 
order transfer functions. Their dynamic response will 
depend on the localization of the poles in the complex 
plane. In addition, the behavior of the band-pass and 
low-pass filter described above suggest the harmonic 
rejection capability of this system.  

 

 
Figure 3. Block diagram of a Second Order Generalized Integrator. 
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The precise setting of this system of k on a specific ωʹ 
makes a trade-off between the proper bandwidth for 
harmonic rejection and the proper settling time with the 
corresponding overshoot for the dynamic response. 

Table 1 resumes the influence of gain (k) in the 
SOGI-QSG behavior according to the settling time, 
overshoot, damping factor, and harmonic rejection of 
Q(s). When the value of the gain k is higher, the settling 
time will give better performance and faster response. 
The transient response has the biggest overshoot and 
undershoot but the immunity to the harmonics decreases 
and obtain a bad transient response. When the value of 
the gain k is lower, the transient response of the SOGI to 
achieve on settling time becomes longer, but the 
immunity response of the harmonics is good and obtain 
better transient response. The gain k setting on 1.414 
[34], [35] is a good trade-off between the harmonic 
rejection (for 5th and 7th harmonics) and the dynamic 
response is achieved, corresponding to a damping factor 
ζSOGI-QSG= 0.707  for second order systems [34]. 

Refer to (6), (7) and (8), ω’ is the estimated 
frequency and k is thegain factor of SOGI-QSG. Filter 
bandwidth is exclusively determined by the gain value 
and independent of frequency estimation. Time 
response of SOGI-QSG is described in (11) [34]. The 
gain factor value of SOGI QSG (k) is presented in Table 
1. 

( ) 10
'st SOGI

kω
=                         (11) 

The DSOGI PLL synchronization algorithm with 
filter can be analyzed more extensively on a three-phase 
system as shown in Figure 4. Clarke transformation [38] 
is applied to transform voltage signal from the grid to be 
voltage components (α,β). Dual SOGI-QSG is used to 
obtain the quadrature signal. The positive sequence 
component generated by Positive Sequence Calculator 
(PSC) based on ISC as described in (12) q=e-j(π/2) is a 
90o lagging phase-shift operator applied on the time 
domain to obtain an in-quadrature version of an input 
waveform [35]. 

 
TABLE 1 

SOGI QSG BEHAVIOR ACCORDING TO GAIN 

k ζSOGI-QSG Overshoot 
(%) 

Settling time 
(ms) 

Harmonic rejection 
ofQ(s)[dB] 

5th 7th 
1 1 0 29.3 -27.72 -33.7 
1.25 0.8 1.5 23.4 -25.89 -31.81 
1.414 0.707 4.3 20.7 -24.9 -30.78 
2 0.5 16.3 14.6 -22.23 -27.94 

The bold is the optimal value of k. 
 

Figure 4. Block diagram of DSOGI PLL 
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The PSC must be designed and applied to the 
quadrature output signal to calculate the positive 
sequence components of the unbalanced three-phase 
grid voltage. Finally, the phase angle and frequency 
estimation is acquired by using SRF PLL [15], and can 
be calculated by (13) and (14). 
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where ki, kp is a constant PI, Ts is the sampling time of 
the continuous system, ω is frequency nominal, ωʹ is 
frequency estimation, θʹ is phase estimation, and v+

q is 
an output of park transformation and  an input of SRF 
PLL as well. 

The estimation frequency of SRF PLL to make the 
adaptive frequency can be distorted by second order 
harmonic that produces the harmonic in the other order. 
Second order LPF is used to filter the second order 
harmonic on the estimation frequency and make the 
frequency adaptive better than before using 2nd LPF. 
The transfer function of 2nd LPF is described on (15). 

 

2 2
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                         (15) 

 
where kf is gain of the filter, ξ is damping ratio, ωʹ is 
angular frequency, and fc is cut off frequency, in Hz 
fc=(ω’/2π). 

V. SIMULATION OF SYNCHRONIZATION ON THREE-
PHASE GRID-CONNECTED PV SYSTEM 

Some simulations have been performed using the 
Power Simulation (PSIM) version 9.0.3 to evaluate the 
synchronization algorithm. Figure 5 shows simulation 
model of the three-phase grid-connected PV system. 
The specification used on this Simulink is JA PV, with 
output power system 15,000 Win standard conditions 
(1000 W/m2 and 25o C). Parameters used in this system 
are based on a three-phase inverter built with the 6 
IGBTs semiconductors for the three-phase power-poles 
and configured to work at 15000 KHz of PWM 
switching frequency. The linear load is a load with the 
constant sine wave. The linear load sources are 
indescent lamps, heaters etc. In this simulation, the 
linear load used is resistor. The Non-linear load is a load 
that is not a constant sine wave, where the sine wave 
distorted with another sine wave. The non- linear load 
source are a rectifier, motor, computer, switched-mode 
power supplies, etc. In this simulation the non-linear 
load used is a three-phase full bridge rectifier [39], [40]. 

Table 2 contains the value of the components of the 
L filter, the utility grid, and the values of the parameters 
for the control subsystem including the parameter of 
SRF PLL, DSOGI PLL, and DSOGI PLL with filter. 
The PI parameter in this work is generated by trial and 
error [41]. 
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Figure 5. Simulink model of three-phase grid-connected photovoltaic system on PSIM. 

 

 
Figure 6. Simulink model of synchronization, current control, and DC link control. 

 
TABLE 2 

PARAMETER OF POWER SUBSYSTEM AND CONTROL SUBSYSTEM. 

3-phase utility grid = vrms 380 V Frequency 50 Hz 
L filter = 4.05 m 
C boost = 2.35 m 
L boost = 0.188 m 
vdc = 750 Volt 
Clink = 0.173 m 
Fcl = 15.000 Hz 
ki  inner control loop = 1000 
ki  outer control loop = 1000 
Ω = 3.14 
Fcv = 15.000 Hz 
ki of SRF PLL = 1000 
kp of SRF PLL = 1000 
K of DSOGI PLL and DSOGI 
PLL with Filter 

= 1.414 

ki of DSOGI PLL and DSOGI 
PLL with Filter 

= 0.17725 

kp of DSOGI PLL and DSOGI 
PLL with Filter 

= 0.167954 

 
Figure 6 shows The Simulink of the DSOGI PLL 

synchronization algorithm with filter and cascade 
control included in the vector controller block. The 

cascade control consists of the outer loop regulator to 
get the comparison of dc bus voltage in the link 
capacitor and the reference which comes from the 
MPPT algorithm. This control loop has been performed 
using PI controllers. The three PI controllers used in the 
inner control loop are used to regulate a, b, c 
components of the line currents (ia, ib, ic). 

VI. RESULT AND DISCUSSION 
In this section, the performance of DSOGI PLL 

synchronization algorithm with filter is evaluated on 
dynamic and transient response under various 
conditions. The performance of DSOGI PLL with filter 
is also evaluated on linear load and non-linear load. 
Performance of DSOGI PLL with filter is compared 
with DSOGI PLL and SRF PLL.  

 
TABLE 3 

CASE CONDITIONS 
Case Condition Time 

Case 1 10 % voltage drop 0.25 s until 0.325 s 

Case 2 20o phase jump  0.4   s until 0.475 s 

Case 3 0.8 Hz frequency jump 0.55 s until 0.625 s 

Case 4 harmonic distortion 0.7   s until 0.775 s 
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(a) 

    
Case 1 Case 2 Case 3 Case 4 

(b) 
 

Figure 7. Phase estimation (a) phase estimation of DSOGI PLL with filter, DSOGI PLL, and SRF PLL under several conditions (b) performance 
phase estimation of DSOGI PLL with filter under several conditions. 

 

 
(a) 

    
Case 1 Case 2 Case 3 Case 4 

(b) 
  

Figure 8. Frequency estimation (a) frequency estimation of DSOGI PLL with filter, DSOGI PLL, and SRF PLL under several conditions (b) 
performance frequency estimation of DSOGI PLL with filter under several conditions. 
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Figure 9. DC voltage condition in several cases using DSOGI PLL with filter, DSOGI PLL, and SRF PLL under several conditions. 

 
TABLE 4 

THDI ON THE SYSTEM UNDER SEVERAL CONDITIONS 

CURRENT 

CASE 1 CASE 2 CASE 3 CASE 4 
PLL 
(%) 

DSOGI 
PLL 
(%) 

DSOGI 
PLL 
with 
filter 
(%) 

PLL 
(%) 

DSOGI 
PLL 
(%) 

DSOGI 
PLL 
with 
filter 
(%) 

PLL DSOGI 
PLL 
(%) 

DSOGI 
PLL with 
filter (%) 

PLL 
(%) 

DSOGI 
PLL 
(%) 

DSOGI 
PLL 
with 
filter 
(%) 

GRID A 0.1 0.073 0.073 0.18 0.18 0.19 0.52 0.12 0.12 0.34 0.33 0.33 
B 0.16 0.14 0.14 0.26 0.25 0.25 0.34 0.1 0.1 0.35 0.35 0.35 
C 0.22 0.18 0.18 0.12 0.09 0.09 0.78 0.062 0.062 0.61 0.61 0.61 

PHASE A 0.1 0.073 0.073 0.17 0.18 0.19 0.52 0.12 0.12 0.34 0.33 0.33 
B 0.6 0.14 0.14 0.26 0.24 0.25 0.34 0.106 0.1 0.35 0.35 0.35 
C 0.22 0.18 0.18 0.12 0.09 0.09 0.78 0.06 0.06 0.61 0.61 0.61 

 
Figure 7 (a) shows the phase estimation under 

several cases to evaluate the performance of DSOGI 
PLL with filter. See Figure 7 (b), the DSOGI PLL with 
filter can estimate the phase accurately under various 
conditions. The Performance of DSOGI PLL with filter 
is similar to the performance of DSOGI PLL under 
various conditions, while the performance of SRF PLL 
is the worst especially in case 3. 

Figure 8 (a) shows the frequency estimation of 
DSOGI PLL with filter under several cases. Figure 8 (b) 
explains that the estimated frequency of DSOGI PLL 
with filter under case 1 is able to minimize ripples and 
oscillations. The frequency estimation from DSOGI 
PLL under case 1 on thatcondition has an undershoot, 

and the DSOGI PLL experiences oscillation as well as 
DSOGI PLL with filter. Under case 2 DSOGI PLL has 
the same performance with DSOGI PLL with filter by 
oscillation.  Under case 3, DSOGI PLL has overshoot 
and undershoot at the beginning, and during case 3 
DSOGI PLL has the same oscillations asDSOGI PLL 
with filter. Under case 4, the performance of DSOGI 
PLL with filter has a bigger oscillation, similar to the 
performance of DSOGI PLL with filter. Under case 4, 
SRF PLL has a bigger oscillation than DSOGI PLL and 
DSOGI PLL with filter. The biggest oscillation is 
experienced by SRF PLL in case 3. 

 

 
TABLE 5 

THDI UNDER LINEAR AND NON-LINEAR LOAD 

CURRENT 
LINEAR LOAD NON-LINEAR LOAD 

PLL 
(%) 

DSOGI 
PLL (%) 

DSOGI PLL 
with filter (%) 

PLL (%) DSOGI PLL 
(%) 

DSOGI PLL 
with filter (%) 

GRID A 0.095 0.095 0.095 0.72 0.72 0.72 
B 0.11 0.11 0.12 0.84 0.84 0.84 
C 0.15 0.15 0.15 3.2 3.2 3.2 

PHASE A 0.12 0.12 0.28 0.58 0.58 0.58 
B 0.09 0.09 0.09 0.25 0.25 0.25 
C 0.043 0.043 0.043 0.48 0.48 0.45 

LOAD A 0.74 0.74 0.74 0.55 0.55 0.55 
B 0.33 0.33 0.33 0.36 0.36 0.36 
C 0.56 0.56 0.56 0.8 0.8 0.8 
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Figure 10. Phase estimation of DSOGI PLL with filter, DSOGI PLL, and SRF PLL under linear and non-linear load. 

 
(a) 

  
Linear load Non-linear load 

(b) 
Figure 11. Frequency estimation (a) frequency estimation of DSOGI PLL with filter, DSOGI PLL, and SRF PLL under linear and non-linear 

load. 
 

 
Figure 12. DC voltage of DSOGI PLL with filter, DSOGI PLL, and SRF PLL under linear and non-linear load. 
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Figure 13. Power flow condition under linear and non-linear load using DSOGI PLL with filter. 

 
Figure 9 shows DC voltage on the performance of 

DSOGI PLL with filter, DC DSOGI PLL, and SRF 
PLL. Under case 1 and 2, the comparison shows that the 
performance of DSOGI PLL with filter is consistent on 
DC voltage reference at 750 volts with minimum 
oscillations. This performance is similar to the 
performance of DSOGI PLL and SRF PLL. Under case 
3, the DSOGI PLL with filter has same performance as 
DSOGI PLL by minimum oscillation. The performance 
of SRF PLL under case 3 has a bigger oscillation 
compared with DSOGI PLL and DSOGI PLL with 
filter. Under case 4, the performance of all algorithm is 
equal to the oscillation and the large harmonic. 

Table 4 shows the comparison between THDi on 
the system under several conditions when using DSOGI 
PLL with filter and DSOGI PLL and SRF PLL. The 
comparison shows that all of them have the same level 
of THDi and are still in the range from 0.06% to 0.78%. 
Which is still lower than 5% (IEEE standard 1547(TM)-
2003). 

The performance of DSOGI PLL with filter is 
evaluated on linear load and non-linear load to show the 
power flow of the system. The specification on linear 
load is 5kW and the specification of the non-linear load 
is three-phase inverter 22.5kW. 

Table 5 shows that THDi on the system under 
linear and non-linear load using DSOGI PLL with filter 
is compared with DSOGI PLL and SRF PLL. The 
comparison shows that all of them has the same level of 
THDi and still in the range from 0.043% to 3.2%. The 
biggest THDi occurs in non-linear load conditions 
because the non-linear load is a harmonic source. This 
level of THDi is smaller than IEEE standard 1547(TM)-
2003 (5%). 

Figure 10 shows the comparison of phase 
estimation using DSOGI PLL with filter, DSOGI PLL, 
and SRF PLL. The comparison shows that the phase 
estimation of DSOGI PLL with filter, DSOGI PLL, and 
SRF PLL are the same. The harmonic distortion 
generated from non-linear load can’t affect the phase 
estimation. 

Figure 11 (a) shows the frequency estimation of 
DSOGI PLL with filter under linear and non-linear load. 
The comparison shows DSOGI PLL with filter is 
accurate to estimate the frequency. DSOGI PLL with 

filter can be precisely at 314 Rad/s angular frequency 
but DSOGI PLL has a minimum oscillation, while SRF 
PLL has a bigger oscillation.  Figure 11 (b) shows that 
there is no impact from the linear load on frequency 
estimation, where frequency estimation is precise on 
314 Rad/s. On the non-linear load, DSOGI PLL with 
filter is precise on 314 Rad/s, whileDSOGI PLL in the 
transience to non-linear load experience overshoots and 
undershoots, and the frequency estimation during the 
non-linear load is distorted by ripple. SRF PLL still 
experiences great oscillation during system running. 

Figure 12 shows the comparison of DC voltage of 
DSOGI PLL with filter, DSOGI PLL, and SRF PLL. 
The comparison shows that the DC voltage of DSOGI 
PLL with filter, DSOGI PLL, and SRF PLL are the 
same. The harmonic distortion generates from non-
linear load can’t affect the DC voltage. 

The power flow using DSOGI PLL with filter and 
SRF PLL have the same performance. Figure 13 shows 
the power flow using DSOGI PLL with filter under 5 
kW linear load and 22.5 kW non-linear load. It can be 
seen that the power flow occurs due to different load 
conditions. Figure 13 shows that the initial load is 5 kW. 
Therefore, the PV system is capable to supply power to 
the load. The remaining power 10 kW flows into the 
grid. When the PV power is not enough to supply power 
to the 22.5 kW load, the grid supplies the remaining 7.5 
kW of power. This means that the PV still supplies 15 
kW power to the load. The result of the simulation 
shows that the PV system is capable to operate during 
grid-connected and transient condition. 

VII.  CONCLUSION 
In this work, synchronization based on algorithm 

DSOGI PLL is improved with filter on the grid-
connected PV system simulation. The performance of 
DSOGI PLL with filter is compared to DSOGI PLL and 
SRF PLL under several conditions. The performance of 
DSOGI PLL with filter is more efficient to extract phase 
estimation and frequency estimation of grid voltage 
under several conditions by minimizing ripples and 
oscillations. The efficient of DSOGI PLL with filter is 
shown by minimum oscillations and ripples on 
frequency estimation, and by a minimum error on phase 
estimation and error on DC voltage. In the linear load 
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and non-linear load, the system is capable to supply the 
power. The harmonic ripples of system fulfill the 
harmonic standards for PV systems (IEEE standard 
1547(TM)-2003). In the future work, we propose a 
method for tunning PI control in synchronization 
control to achieve efficiency on the three-phase grid-
connected PV system. 
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