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Abstract 

The quality and performances of the compensation of harmonic currents depends strongly on the performances of the 
identification blocks of control side of the photovoltaic generators used as active filters. Then, the use of harmonics identification 
methods is not valid because the network voltage must be sinusoidal and balanced, which is not the case in practice. 
        Hence, to make the application of the identification methods of harmonic currents versatile and for any voltage form, we use 
the detection system of the fundamental component of the direct voltage. 
        In this paper, a comparison between the conventional method used for extracting the direct component of the network 
voltage which is based on the phase-locked loop (PLL) and the new approach based on a multivariable extraction filter. Finally, 
simulation results show that the proposed multivariable filter may better work even if the network voltage is (perturbed and 
unbalanced). Furthermore, this filters permits to generalize the use of identification methods for filtering the different 
perturbations of active and reactive current. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 

The electric energy quality and continuity of service constitute now days a major preoccupation of all energetic 
fields designers, network manager, supplier, producer and consumer. 
       However, the generalization of power electronics equipments, despite their multiple advantages (flexible 
function, excellent efficiency, high performances), they have yield to an increase of the perturbations at the 
electrical network level according to their current wave from and voltage which differ from the sinusoidal. For this 
reason, we call this equipments non-linear load [1].  
        The decrease of production quality, the premature wear out and brutal dysfunction, are the most known 
inherent effects after being exposed more or less long to the electrical perturbation, in particular, the harmonic 
perturbation which is considered as the major problems degrading the electrical energy quality [2]. Among the most 
known and efficient solutions, one find that the active filtering known by its advantages, essentially by the 
adaptation to load alteration and of electrical network [3-7]. However, the use of device such as active filter to 
control the harmonics propagation, will cannot affect adequate corrections if these noise are ill-identified and source 
if the voltage [8]. 

In this article, a multivariable extraction filter (MVF) is studied. Many voltage perturbations are applied to the 
new filter (MVF), and the conventional detection of the direct component of the voltage Phase Locked Loop (PLL). 
Simulation results are compared for two methods and interpreted [9-14]. 

 
Nomenclature 

MVF Multivariable filter 
PLL  Phase Locked Loop 
THD Total harmonic distortion 

 

2. Direct extraction of the network voltage components 

PLL is now commonly used in the control of active power filters [15-17]. From a theoretical point of view the 
concept is simple, but its implementation, especially in a disturbed environment (in the presence of harmonics, 
imbalance) is quite delicate. Indeed, some of its components require fine adjustments taking into account numerous 
parameters. 

2.1. Structure of the conventional PLL 

Figure 1 shows the entire structure of a conventional PLL phase [12]. It is split in a phase detector (the 
transformed coordinate), a low pass filter FPB (the control) and an integrator. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. General structure of conventional P.L.L. 
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Either the measured voltages on a three-phase network Vs1, Vs2 and Vs3 subjected to a direct Concordia C32 
transformation to work in a reference system αβ two dimensions. The voltages obtained Vsα (θd) and Vsβ (θd) (with 
θd instantaneous phase is the actual forward voltage), are expressed in the DQ Park landmark by P rotation (θd), the 
angle of the rotation θd, resulting from the integration of the estimate of the angular frequency ωd determined by the 
PI controller. In order for the P.L.L. to be closed, the rotation angle θd estimated to be equal to the actual angle of 
the forward voltage θd, this can be achieved when the value of Vdref is zero. 

2.2. Identification algorithm 

Let the measured voltages at the connection point of the parallel active filter sinusoidal and balanced, given by 
the following equations: 
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The calculation procedure after application of the transformation of Concordia and Park given by the following 
relationship [13]: 
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Where 32C  Concordia is the matrix given by: 
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And the operator P symbol Park transformation, defined by:  
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The phase subjection will be achieved when dd 

 ˆ� . In this case, the actual of network voltage and the estimated 
angle are equal. We can write: 
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2.3. PLL behavior conventional versus disturbances 

We will outline the conventional PLL unbalanced voltage system and other disturbed. For sinusoidal balanced 
case, the conventional PLL is useless.  
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Now, we present the P.L.L. to a unbalanced system sinusoidal voltages. 
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With � and �  constants equal 0.3 and 0.5 respectively that occasion unbalance networks voltages. 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Fig. 2. (a) The unbalanced voltages of an electrical network; (b) Direct tensions extracted with the classical PLL. 

In the unbalanced AC, figure 2.a presented above are influenced by the oscillatory disturbances networks voltages, 
as the THD (%) of these basic components is about 9.7%, and for the cosine and sine signals generated by PLL is 
about 9.81% and 10.54% respectively. Therefore, the technique of the P.L.L conventional is not able to forward 
voltages generated from a unbalanced power system. 
The last simulation designed for this PLL conventional is just executed under on a system that contains harmonic of 
order 5 and 7, to explore these performances (figure 2.b). 

 
For the case of a supply voltage of the disturbed electric networks shown in figure 3.a, we consider the following 

system : 
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Fig. 3. (a) Disturbed supply voltages; (b) Direct tensions extracted with the conventional PLL. 

In the disruption event, the figure 3.b presented is absolutely affected by the order of 5th and 7th harmonics by a 
THD (%) 28.79% of large order and the same for the cosine and sine signals generated by the PLL classic about 
24.51% and 24.49% respectively. 

As a result, the technique for extracting the fundamental component of the direct network voltage based on a 
PLL, is successful only when the system is reliable. But it harm by imbalance while the disruption of networks 
voltages. Consequently, it is sterile to generate direct components or trigonometric cosine and sine signals of good 
quality. 

3. New approach to P.L.L. 

        To search other compromise between the dynamic behavior of conventional PLL and its insensitivity to various 
disturbances [9], a new approach to this technique will studied in this paragraph. This new approach is to introduce a 
multi variable filter between two quadratic pins of the conventional version of the PLL in order to overcome these 
disturbances behavioral problems. 
We begin by exposing this new filter. Next, we'll explore this new approach to the PLL warder to examine its 
performance in with respect various disturbances. 

3.1.  Multivariable filter  

        The above figures (2.b and 3.b) reflect the poverty of the conventional PLL against various disturbances. For 
this reason, a new type of extraction, appointed by FMV, was developed in the literature to improve the behavior of 
the ancient technique [13]. The following figure (4) presents the schematic diagram of the PLL including a 
multivariable filter. 
 
 
  
 
 
 
 
 
 
 
 

Fig. 4. Schematic diagram of the PLL including a multivariable filter. 
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The first advantage of this approach is its ease of implementation. Moreover, its basic principle is based on the 
extraction of the fundamental component signals directly as αβ axes. 
Expressions link the components ��x̂ output of multivariable filter to come ��x components (x being the mains 
voltage) is as follows [9]: 
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Different simulations are performed by the value of K that has been shown by [9-11]. This value of k, equals to 
20, provides an entered phase with the output signal. 

3.2. Behavior of the new P.L.L. which the various disturbances 

        In this section, we will outline the new PLL to three different systems of networks voltages implemented in 
three cases (figure 5 and figure 6). Finally simulation results will be explained and interpreted. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. (a) Direct tensions extracted with the new PLL; (b) Comparison between P.L.L. classic and the new approach (unbalanced cases). 

 
 
 

 

 

 

 

 

  

Fig. 6. (a) Comparison between P.L.L. classic and the new approach (perturbed cases); (b) The cosine and sine signals generated. 
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The simulation results of the figure 5.a shows that in the case of an unbalanced system, the new approach of the PLL 
has a good extraction of the fundamental voltage. A clear improvement is shown in figure 5.b. THD (%) of the 
direct component is 1.98% after it was 9.72% by PLL conventional. Nevertheless the response time remains the 
major drawback of this new approach. 
The above simulation figure 6.a, clearly shows the performance of the PLL face a disturbed case are reformed to the 
property by a THD (%) 1.99% for direct fundamental component, according to what is was 24.02% in the 
conventional version. Figure 6.b shows the cosine and sine signals generated by the new PLL. The two signals are 
used in the control of photovoltaic inverters [19,20]. 

4. Conclusion 

     In this article, we noted that the additional terms arising from the presence of disturbances in the voltages 
(imbalance or harmonic) had a negative impact on the various signals of conventional PLL outputs. To solve this 
problem we proposed a PLL that contains a multi-variable filter. His behavior towards these same disturbances was 
studied and implemented results were satisfactory. 
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