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Abstract. This paper discusses a new PLL (Phase- Locked-
Loop) approach for detection of the fundamental positive-
sequence component of three-phase systems. The structure 
presented is based on the correlation of the input signal with a 
complex signal generated from the use of an adaptive filter in a 
PLL algorithm. Moreover, the adapted PLL, due to the use of the 
adaptive filter, presents a higher level of rejection for two 
particular disturbances: interharmonic and subharmonic, when 
compared to the original algorithm. Simulation and experimental 
results will be presented in order to prove the efficacy of the 
proposed adaptive algorithm. Several scenarios will be presented, 
to which the algorithm will be exposed. The response of the 
algorithm also be compared to the synchronization system based 
on DSOGI-FLL. 
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1.! Introduction 
 
The detection of fundamental positive-sequence 
components of voltages and/or currents has a great 
importance for the control strategy of three-phase grid-
connected power converters [1] [2]. The information 
generated by the synchronization system is used at different 
levels in the control strategy of the power converters 
connected to the grid. The positive sequence data can be 
employed for power calculations, alignment of vector 
control techniques, among others relevant tasks. 
Specifically, converter-interfaced distributed generation 
(DG) requires a proper synchronization under grid 
disturbances [3]. The positive-sequence detection systems 
are being widely studied, mainly using closed-loop adaptive 
algorithms in order to get proper accurate synchronization 
signals [2] [3] [4]. 

When the input signal is characterized as a pure sine wave, 
a zero crossing detector performs this task satisfactorily. 
However, due to the presence of harmonics in the input 
signal, the detection method and other methods derived of 
this do not provide, in general, satisfactory results [5] [6]. 
Most recently, different methodologies for synchronous 
phase-angle detection based on PLL (Phase-Locked Loop) 
have been proposed and analyzed both in terms of 
dynamic response and steady-state error [7] [8] [9] [10]. 
Usually, input signals used to obtain the synchronization 
reference are distorted. In addition, for three-phase system, 
these voltage and/or current can also be unbalanced. 
Therefore, the synchronization system performance must 
have a low sensitivity to these disturbances. 
The presence, in particular, of subharmonics and 
interharmonics cause a reduction of accuracy in particular 
synchronization methods based on PLL, due to the 
sensitivity of these methods to these disturbances. As 
increases the amplitude of the subharmonic and of the 
interharmonics there is an increase in the error of the 
values estimated by the synchronization system. This 
could cause the wrong operation of power converters, 
active filters and reading mistakes of measuring 
instruments that work with the measurement of 
synchronized signals [11] [12] [13]. 
In particular, there are two basic mechanisms for 
generating subharmonics and interharmonics. The first 
mechanism is the generation of these disturbances due to 
fast variation of current in the equipments and 
installations. These variations are generated by loads 
operating in transitional arrangements. The second 
mechanism can be determined as the switching (do not 
synchronized with the frequency of the power system) of 
semiconductor devices in static converters. The main 
sources of these disturbances are loads that use electric arc, 
electric drives of variable load and static converters [14]. 
From to the exposed, this paper aims to provide a three-
phase PLL algorithm that have high rejection capability of 
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interharmonics and subharmonic. This synchronization 
system can be used quite effectively in more intelligent 
control strategies for power converters. The proposed 
synchronization system will be evaluated by means of 
mathematical analysis and computer simulations performed 
using the PSCAD/EMTDC software. Will be analyzed 
aspects such as the disturbance rejection capability and 
dynamic response of the algorithm. In order to perform the 
comparative analysis, the algorithm will be compared with 
the synchronization system based on the DSOGI-FLL. 
Finally, experimental results obtained through HIL 
(Hardware-in-the-Loop) platform are presented, which will 
be compared to the simulations results obtained in order to 
validate the proposed simulation study. 
 
2.! A Three-Phase PLL Algorithm With 

Harmonic Distortion Immunity 
 

The structure of the three-phase PLL proposed in [15] is 
shown in Figure 1. This structure considers the voltage or 
current present in a three-phase system and from of these 
quantities it is able to estimate the fundamental positive 
sequence component of the input signal !"#(%), the 
synchronization angle '"# % , the frequency (",  and the 
fundamental positive-sequence component of the input 
signal ) % .  
 

 
Fig. 1. Structure of the Three-phase PLL. 
 
The phase-voltages in abc reference frame are converted to 
the αβ reference frame and feed the PLL algorithm inputs. 
The detector uses the αβ components to obtain an estimative 
of the fundamental frequency, which is in turn used to 
estimate the amplitudes and phase-angles of the 
fundamental positive sequence components. 
The input signal (in !" reference frame) can be represented 
by (1): 
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From the correct estimation of the input voltage 
fundamental component frequency, (" = (", it is possible to 
generate a three-phase complex subspace of the signals. The 
complex subspace on the !" reference frame is given by (2): 
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By making the projection of the signals (1) on (2), one can 
obtain the synchronization angle ('"#) of the fundamental 
positive sequence component of the input signal.  
The$vector$of$inners.products$$+,- . $is given by (3): 
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The inner product will generate a real and imaginary 
signals relating to each coordinate of the reference frame 
/0(1) and /2(1). The is comprising a real part 
34 /02 1 5and imaginary part 67{/02 1 }. The real and 
imaginary part are given by (4): 
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From (3) and (4) one can obtain the real part of each 
coordinate according to (5) and the imaginary part can be 
obtained similarly according to (6): 
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From the signals 34 /02 1  and 67{/02 1 }  resulting 
from the inner product /02 1  can be obtained the 
synchronism angle of the fundamental positive sequence 
of the input signal :02 1 }  according to (7): 
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From the synchronization angle information '"# is 
obtained the angular frequency ;" by the time derivative 
of the angular displacement '"# . The angular frequency 
;" is the internal input of the loop that performs the 
calculation of the fundamental frequency, in Hz, of the 
input signal. The internal loop, which performs the 
calculation of the frequency, is illustrated in Figure 2. 
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Fig. 2.  Internal loop for frequency estimation. 

 
Adopting (< as an initial estimative of the frequency, in Hz, 
the estimated frequency (" at any time will be: 
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The internal loop frequency estimation performs yet, the 
paper of a low pass filter with transfer function given by (9) 
and is represented by the block diagram of Figure 3. 
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Fig. 3.  Block diagram of internal loop for frequency estimation 
 
3.! Optmized Three-Phase PLL Algorithm 
 
Modifying the structure proposed in [15], it was considered 
only the calculation process of the real part 34 /02 1   of 
the inner product /02 1  given by (3). The imaginary part 
67 /02 1  is estimated by an adaptive filter in which its 
input is the signal 34 /02 1 . Thus, there will be two 
orthogonal signals 34 /02 1 _( and 67 /02 1 _( from 
the input 34 /02 1 . This makes the number of 
mathematical operations are reduced and there is an 
increase in the interharmonic and subharmonic rejection. 
The remainder of the algorithm is the same as the original 
algorithm. Figure 4 illustrates the block diagram of PLL 
considering the insertion of the adaptive filter. 
 

 
Fig. 4.  Block diagram of the optimized Three-phase PLL. 
 
The used adaptive filter, shown in Figure 5, is an adapted 
version for single-phase systems obtained from a model for 
three-phase systems analyzed in [16]. The original version 

is utilized in three phase systems operating in αβ 
coordinates. Therefore, it is required the orthogonal signal 
input obtained after application of the Clarke 
transformation on the signals in abc coordinates. 

 

 
Fig. 5.  Block diagram of the adaptive filter. 

 
The original version of the discussed filter can be 
represented as the following expressions: 
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The modified model, for the application of this work, 
presents the following resulting expressions: 
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Presenting the following transfer function: 
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Using this idealized filter, quadrature signals are generated 
from the input signal. These signals are used to form the 
complex subspace presented in (2) required to get the 
synchronism angle. 
It can be seen that using the adaptive filter, the real and 
imaginary signals will be less affected by disturbances in 
relation with input signal 34 /02 1 , since there will be 
an increase in immunity to disturbances, in particular the 
interharmonic and subharmonic. If on one hand the 
insertion of the adaptive filter provides an improvement in 
the rejection of disturbances, on the other hand it is 
imperative to consider your impact on the dynamics of the 
algorithm in this situation. In the results, will be exposed 
the dynamic response of the algorithm facing strongly 
distorted signals. 
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4.! Simulation Results 
 
To validate the proposed study, simulations were performed 
in PSCAD/EMTDC software. 
 
A. Steady State Simulation 
Two scenarios were simulated. In the first scenario  (Figure 
6), the three-phase input signal is composed by the 
fundamental component, 10% distortion at 30 Hz and 10% 
distortion at 35 Hz. In the second scenario (Figure 7) the 
input voltage is composed by the fundamental component, 
20% of distortion at 222 Hz and 20% of distortion at 312 
Hz. 

 

 
Fig. 6:  Performance of the Three-phase PLL for subharmonics: (a) 
input signal and fundamental component, (b) estimated signal and 
angle. 
 

 
Fig. 7:  Performance of the Three-phase PLL for interharmonics: 
(a) input signal and fundamental component, (b) estimated signal 
and angle. 

 
It can be seen that even with the strongly distorted input 
signal, the algorithm obtains satisfactory results. 

 

B. Dynamic Behavior 
In this case, two scenarios were simulated. The input values 
were considered the same as the presented in Figures 6 (a) 
and 7 (a) for subharmonics and interharmonics, 
respectively. In both cases, at time t = 0.5 s, the amplitude 
of the fundamental component changes from 1.0 p.u. to 0.8 
p.u., the phase changes from 0° to 30° and the frequency 
changes from 60 Hz to 62 Hz. The Figure 8 presents the 
estimated values in the presence of subharmonics and the 
Figure 9 presents the estimated values in the presence of 
interharmonics. 

 

 
Fig. 8:  Dynamic performance for subharmonics: (a) input signal 
and fund. component, (b) fund. component and estimated signal. 

 

 
Fig. 9:  Dynamic performance for interharmonics: (a) input 
signal and fund. component, (b) fund. component and estimated 
signal. 

 
The algorithm obtains satisfactory results. It can be seen 
that, in both cases, 100 ms after the time t = 0.5 s, the 
estimated output is synchronized with the fundamental 
component of the input signal. 
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C. Comparison with DSOGI-FLL 
 
The DSOGI-FLL was adjusted with the gain value 0.5 and 
the value of γ adjusted was 100. Applying the same input 
signals previously described, it follows that the rms value of 
the obtained error for subharmonic and interharmonic can be 
seen in Figure 10 (a) and Figure 10 (b), respectively. 

Fig. 10:  Comparison of the error between the proposed PLL and 
the DSOGI-FLL: (a) error in the presence of subharmonics, (b) 
error in the presence of interharmonics. 

 
Analyzing the behavior of the error in the Figure 10(a), it is 
observed that the steady state error presented by the 
proposed PLL is 0.01 p.u. and the settling time is 100 ms. 
The steady state error presented by the DSOGI-FLL is        
0.068 p.u. and the settling time is 60 ms. 
Analyzing the behavior of the error in the Figure 10(b), it is 
observed that the steady state error presented by the 
proposed PLL is 0.006 p.u. and the settling time is 100 ms. 
The steady state error presented by the DSOGI-FLL is 0.02 
p.u. and the settling time is 60 ms. 
Although to present a slower dynamic response, the results 
define the proposed PLL as another option of 
synchronization system algorithm in situations where it is 
desired a finer accuracy as regards the presence of 
subharmonics and interharmonics. 
 
5.! Experimental Results 
 
Next are presented the experimental results implemented in 
the HIL (Hardware-in-the-Loop) platform DSPACE 1103. 
The Figure 11 presents the input signal, the synchronism 
angle and the estimated signal for an input signal composed 
by the fundamental, 10% of subharmonic at 30 Hz and 10% 
of subharmonic at 36 Hz. The Figure 12 presents the input 
signal, the synchronism angle and the estimated signal for 
an input signal composed by the fundamental component, 
20% of interharmonic at 222 Hz and 20% of interharmonic 
at   312 Hz. 

 

 
Fig. 11:  Input signal, estimated signal and synchronism angle. 

 

 
Fig. 12:  Input signal, estimated signal and synchronism angle. 

 
Next are analyzed the dynamic response. Two scenarios 
were implemented. The input values were considered the 
same as the presented in the Figures 11 and 12 for 
subharmonics and interharmonics, respectively. In both 
cases, at time t, the amplitude of the fundamental 
component changes from 1.0 p.u. to 0.8 p.u., the phase 
changes from 0° to 30° and the frequency changes from 60 
Hz to 62 Hz. The Figure 13 presents the estimated values 
in the presence of subharmonics and the Figure 14 presents 
the estimated values in the presence of interharmonics.  

 

 
Fig. 13:  Input signal and estimated signal. 
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Fig. 14:  Input signal, estimated signal and synchronism angle. 
 
To a previously submitted input signal (Figure 13 for 
subharmonics and Figure 14 for interharmonics), it is 
presented the rms value of the error generated by the 
proposed Three-Phase PLL and by the DSOGI-FLL, 
regarding the fundamental component of the input signal. 
The Figure 15 presents the error for subharmonics and the 
Figure 16 presents the error for interharmonics. 
 

 
Fig. 15:  Signal estimated by the proposed PLL, signal estimated 
by the DSOGI-FLL, error of the proposed PLL and error of the 
DSOGI-FLL. 
 

 
Fig. 16:  Signal estimated by the proposed PLL, signal estimated 
by the DSOGI-FLL, error of the proposed PLL and error of the 
DSOGI-FLL. 
 
6.! Conclusion 
 
In this paper, a new Three-Phase PLL (Phase-Locked Loop) 
algorithm was presented. One of the main characteristics of 
this PLL is the high immunity to subharmonics and 
interharmonics. In order to prove the effectiveness of the 
presented algorithm, were performed simulations through 

PSCAD/EMTDC software and was assembled the PLL 
structure in HIL (Hardware-in-the-Loop) platform. The 
structure was submitted to a signal with the presence of 
distortions, such as subharmonics and interharmonics, 
under several operational conditions.  
The results showed that the structure of the proposed PLL 
is able to estimate the synchronism angle, the frequency 
and the positive sequence component of the input signal 
accurately under stead state and dynamic conditions in 
three-phase systems. Thus, it can be used quite effectively 
in more intelligent control strategies for power converters. 
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