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Abstract—This paper presents the design of a shunt Active Power 
Filter (SAPF) for grid-connected photovoltaic systems. The 
proposed system injects PV power into the grid, by feeding the 
SAPF; to eliminate harmonics currents and compensate reactive 
power produced by nonlinear loads. To inject the photovoltaic 
power to the grid we use a boost converter controlled by a Fuzzy 
logic (FLC) algorithm for maximum power point tracking 
(MPPT). The SAPF system is based on a two-level voltage source 
inverter (VSI); P-Q theory algorithm is used for references 
harmonic currents extraction. The overall system is designed and 
developed using MATLAB /Simulink software. Simulation 
results confirm the performance of the grid-connected 
photovoltaic system based on SAPF. For the MPPT controller, 
the results show that the proposed FLC algorithm is fast in 
finding the MPPT than conventional techniques used for MPPT 
like perturbed and observed (P&O). The simulated compensation 
system shows its effectiveness such as the sinusoidal form of the 
currents and the reactive power compensation. The proposed 
solution has achieved a low Total Harmonic Distortion (THD), 
demonstrating the efficiency of the presented method. Also, the 
results determine the performances of the proposed system and 
offer future perspectives of renewable energy for power quality 
improvement. 

Keywords-component; SAPF, Harmonics, MPPT, Reactive 
power, P-Q theory algorithm, power quality and THD.  

I.  INTRODUCTION  
The increasing seriousness of energy shortage crises and 

environmental concerns has made the development of an 
intelligent grid, become one of the most pressing issues 
researched among scholars. The integration of renewable 
sources, such as small-scale winds, photovoltaic, or fuel cells, 
into distribution networks brings clean and convenient power 
supply. At the same time, the intermittent and fluctuation of 
primary sources, the increasing application of the interfaced 
power electric devices, and the multiple non-linear loads bring 
about covert issues of power quality [1] .  

These nonlinear loads appear to be prime sources of 
harmonic distortion in a power distribution system. Harmonic 
currents produced by nonlinear loads are injected back into 
power distribution systems through the point of common 
coupling (PCC).These perturbations (harmonics) are the origin 
of many problems and affect electrical equipment connected to 
the power supply [2].  

In order to enhance the power quality by considering 
current distortion limits for non-linear loads, many systems 
have been proposed [3-5]. 

This paper presents an analysis and simulation of PV 
systems, connected in SAPF, for harmonics elimination and 
reactive power compensation. The SAPF injects the current in 
the same amplitude and reverse phase of the load current to 
compensate for the source current. 

Figure 1. shows the proposed system; the three phase SAPF 
system is based on a three-phase inverter. The shunt APF is 
designed to be connected in parallel with the nonlinear load. It 
is connected to the distribution network in the PCC. For the 
Shunt Active Filter reference current computation, we used the 
P-Q Theory. Also, a DC/DC converter can be used to adjust the 
value of the output voltage of PV systems. Fuzzy Logic 
Control (FLC) is used as a robust controller for MPPT. 

 

Figure 1.  block diagram of SAPF fed by PV systems. 

 

II. CONFIGURATION OF A SAPF FED BY PV 
SYSTEMS 

A. Photovoltaic Cell equivalent circuit  
A single-diode PV cell model form is illustrated in 

Figure 2, including four components: a photo current 
source, Iph, a diode parallel to the source, a series resistor, Rs, 
a shunt resistor, Rsh. The DC current generated, Iph. The 
relationship between the cell terminal current and voltage is the 
following [6, 7]. 
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Figure 2.  Solar cell circuit model (Single-diode). 

B. MPPT control algorithms  
To increase the efficiency of the PV system, it is required to 

operate at the maximum power point (MPP).  Several methods 
have been developed for PV systems [8, 9], and for all 
conventional MPPT techniques, the main problem is how to 
obtain optimal operating points (voltage and current) 
automatically at maximum PV output power under variable 
atmospheric conditions. The main aspects referred to these 
algorithms are low response speed, errors in Tracking under 
rapidly changing atmospheric conditions [10].  

On the other hand fuzzy logic has received much attention 
from a number of researchers in the area of power electronics 
[6, 11-13]. Fuzzy logic control is somewhat easy to implement, 
because it does not need exact mathematical model of the 
plant. 

C. Fuzzy MPPT Controller 
There are three stages in this control algorithm, namely 
fuzzification, inference method and defuzzification. 
The fuzzification makes it possible to transform real variables 
into fuzzy variables. The actual voltage and current of PV array 
can be measured continuously and the power can be calculated 
[2, 6]. The input variables of proposed controller are an error 
(E) and a change in error (CE). At a sampling instant k, these 
variables are expressed as follows [12]: 
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)1()()( −−= nEnEnCE                  (4) 
 
Where; n is the sampling time, P(n) is the instant power of the 
PV generator, and V(n) is the instant corresponding voltage. 
These inputs are chosen so that the instant value of E(n) shows 
if the load power operation point is located on the right or in 
the left compared to the Pmax actual position. While ΔE (n) 
expresses the moving direction of this operation point. The 
output variable is the pulse width modulation (PWM) signal 
called D, which is transmitted to the boost DC/DC converter to 
drive the load [11].  
Table 1 shows the rule table of a fuzzy controller, where all the 
entries of the matrix are fuzzy sets of error (E), change of error 
(CE) and change of duty ratio (ΔD) to the converter.  
 
 

TABLE 1. FUZZY CONTROL RULE TABLE 
ΔE\E NB NS ZE PS PB 
NB ZE ZE PB PB PB 

NS ZE ZE PS PS PS 

ZE PS PS ZE ZE NS 

 PS NS NS NS ZE ZE 

 PB NB NB NB ZE ZE 

 
The fuzzy rules shown in Table 1 are employed for controlling 
the DC–DC converter such as the maximum power of the PV 
generator is reached. As an example, the rule in Table 1: If (E 
is NB) and (CE is NB) then (D is ZE). 
It is necessary to transform this fuzzy information into 
deterministic information, this transformation is called 
defuzzification. The membership functions for the variable are 
shown in Figure 3. 
 

   

Figure 3.  Membership functions for: E (a), CE (b), and ΔD (c). 

III. PROPOSED INVERTER CONTROL TECHNIQUE 
The proposed system consists of PV system, Boost chopper, 
DC-link capacitor, two-level voltage source inverter (VSI) 
connected at the PCC to a three-phase grid through the 
interface inductances. The compensator reference current is 
calculated from the sensed grid current drawn by the nonlinear 
load. 
In the literature, many control techniques have been proposed 
for the extraction of harmonics currents [14-16]. The p-q 
theory was proposed in 1983 by Akagi[14],  transforms a three-
phase system from phase coordinates to α-β coordinates 
according to Eqs. (4) and (5). 
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The instantaneous active and reactive power can be expressed 
in the matrix form as follows: 
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 The instantaneous active and reactive power includes AC and 
DC values corresponding to the fundamental and harmonics 
current, respectively;                                                                                                                                             
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The DC value of p and q are extracted from the positive-
sequence component of the load current, whereas the AC value 
of p and q are created from the harmonics component of the 
load current.  
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The reference compensating current in the a-b-c coordinates 
that can be obtained from Eqs. (5) and (8) is as follows: 
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Figure 4.  Block diagram for the p–q theory. 

IV. RESULTS AND DISCUSSION 
As shown in Figure 5, for this test, we have varied by steps, 
both the irradiation S and temperature T at very short times.  

 
Figure 5.  Responses of the two MPPT controllers (fuzzy and P&O), 

irradiation G and temperature T are variables. 

The main aspects referred of the P&O algorithm are, 
oscillations around the mpp in steady state; low tracking speed; 
Simulation results confirm that the fuzzy controller operates 
much better than the P&O controller.  

Figure 6 shows the source current waveform deformed before 
filtering. The shunt APF supplied by PV array is injected 
current (iInj) as shown in Figure 8. The active filter has 
imposed a sinusoidal source current waveform instantaneously 
as illustrated in Figure 9.  The obtained current and voltage 
waveforms are in phase as illustrated in Figure 10 (b). Figure 
11 shows the spectrum analysis of the source current 
with/without a PV-SAPF. The current THD (total harmonic 
distortion) is reduced from 31.34% to 3.27% on the grid 
network, which confirms the good quality of filtering after 
using the PV-SAPF, the simulation results show a good 
filtering of harmonic currents and a perfect compensation of 
reactive power.  

 
Figure 6.  Supply current of phase-a before the insertion of SAPF PV system. 

 

Figure 7.  Reference current Iref1 of phase-a. 

 
Figure 8.  Harmonic current of phase-a generated by the SAPF PV system. 

 
Figure 9.  Supply current of phase-a after the insertion of SAPF PV system. 

 

Figure 10.  Power factor of phase-a before the insertion of SAPF PV system. 
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Figure 11.  Power factor of phase-a after the insertion of SAPF PV system. 

 
Figure 12.  Harmonic spectrum of supply current (a) before, (b) after the 

insertion of SAPF PV system. 

 

CONCLUSIONS 
 The present article presents an analysis and simulation of a 
three-phase SAPF fed by PV systems. An MPPT fuzzy logic 
controller is employed to feed the grid by the maximum 
allowable PV power. The proposed system has been simulated 
in MATLAB/SIMULINK software. This system is used to 
eliminate harmonics and to compensate reactive power 
generated by nonlinear loads. Performances of the shunt APF 
are related to the current references quality. This method is 
very important because it allows harmonic currents and 
reactive power compensation simultaneously. Simulation 
results show that the current obtained after filtering and the 
voltage waveforms are in phase. Also, the current THD is 
reduced from 33.34% to 2.87% which confirms the good 
filtering quality of harmonic currents and the perfect 
compensation of reactive power which improve the power 
quality. 
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