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Abstract- This work describes a photovoltaic generator connected to the grid by associating the features of a shunt active power 

filter to improve the energy quality. A command by hysteresis is proposed to eliminate the harmonious currents as well as the 

reactive power while injecting the active power into the grid. This power is extracted by hybrid command of Maximum Power 

Point Tracking (MPPT) which combines the conventional Perturb and Observe (P&O) and Fractional Short Circuit Current 

(FSCC). The boundary condition between FSCC and P&O is intensely decided by the proposed algorithm. The use of this method 

allows to exploit the speed of FSCC, to put the system around the approached maximum power point (MPP), and precision of 

the P&O to track the real PPM with a small step of disturbance. Another advantage achieved by this method, is that it does not 

require any sensor to measure irradiation because it detects intelligently the change of irradiation. 
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1. Introduction 

The solar energy represents an alternative energy for the 

electricity production because it is a renewable source, and 

at the same time clean, unlimited and presents a reduced 

level of risk [1]. 

Indeed, in the photovoltaic systems, the characteristic 

that presents a big interest is the maximal power supplied 

only in a single operating point called Maximal Power Point 

(MPP). In addition, the position of this point is not fixed, 

and it moves according to the irradiation and to the 

temperature of solar cells, therefore, the necessity of a 

mechanism that allows extracting the maximal power 

permanently. Since the 70s, a significant number of 

techniques of Maximum Power Point Tracking (MPPT) 

command were developed, by beginning with simple 

techniques as the MPPT controllers based on the return of 

state of the voltage and current [2], to more successful 

controllers using algorithms to calculate MPP of the PV 

panels, 

Amongst the most used techniques [3]: 

• Perturb and Observe (P&O) 

• Incremental Conductance (InC) 

• Fractional Short Circuit Current method (FSCC) 

• Fractional Open Circuit Voltage method (FOCV) 

In this paper, we propose to use a hybrid MPPT 

command that allows tracking the maximum power point 

without measuring the irradiation. [4] Have presented 

earlier a hybrid MPPT technique that works on the basis of 

P&O and FSCC for a resistive load. This technique decides 

intelligently about the initial operating point by using the 

FSCC method [5]. Therefore, it does not require any sensor 

to measure irradiation, so the decision about measuring the 

initial operation point of P&O [6] is intelligent. After 

finding the initial operating point, the system shifts to the 

conventional P&O method and starts to perturb with a small 

perturbation size. The use of this technique allows to the 

system to be fast and to work with less power oscillations 

[4]. 

However, the domestic and industrial equipment uses 

more and more electronics circuits with a non-linear 

behavior [7]. As a result they engender a non-sinusoidal 

harmonious current in the grid, causing harmful effects on 

the energy quality. In concern of optimization of the 

produced energy and the improvement of its quality, this 

work is also interested in the rejection of those harmonious 

by means of a Shunt Active Power Filter (SAPF) supplied 

by the photovoltaic generator [8]. 
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Fig. 1. Structure of the photovoltaic compensation system 

2. MPPT Command 

2.1. Perturb and observe P&O  

The P&O method is a widely used approach in MPPT 

research because it is simple and requires only voltage and 

current measurements of the photovoltaic panel Vpv and 

Ipv respectively. It can detect the maximum power point 

even during variations of irradiation and temperature [9]. As 

the name suggests, the P&O method operates with Vpv 

voltage disturbance and observation of the impact of this 

change on the output power of the PV panel. If the output 

power has increased, Vpv is adjusted in the same direction 

as in the previous cycle. If the output power has decreased, 

Vpv is adjusted in the opposite direction. When the 

maximum power point is reached, Vpv oscillates around the 

optimal value MPP, which causes a loss of power that 

increases with the step of disturbance. If this step is wide, 

the MPPT algorithm responds quickly to sudden changes in 

operating conditions but engenders a loss of power [10]. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Organization chart of the P&O algorithm 

The problem of this method is while increasing the step 

of disturbance, the system becomes fast but we have an 

oscillation around the MPP, which causes losses of power. 

2.2. Fractional short circuit current FSCC MPPT 

Fractional Isc results from the fact that, under varying 

atmospheric conditions, Impp is approximately linearly 

related to the Isc of the PV array. As shown by equation1: 

scmpp k.II                                                            (1) 

Where k is a proportionality constant, and it vary 

between 0.78 and 0.92 [11]. The implementation is easy but 

less accurate due to the estimation of Impp. This method can 

be utilized for varying load applications. 

The disadvantage of this method is that we do not detect 

the real maximal power point but just an approached point, 

which engenders an important oscillation around the PPM 

[12]. 

 

Fig. 3.  Block diagram of fractional short circuit MPPT 

2.3. Hybrid MPPT command 

The proposed technique is designed in such a way that 

it revel in the advantages of both P&O and FSCC while 

minimizing their disadvantages. It decides intelligently 

about the initial operation point using the FSCC method. 

(This technique requires no sensor for the measure of 

irradiation because it detects any change of it intelligently. 

Consequently, the decision of measure of the initial 

operation point of P&O is intelligent). After having detected 

this approached maximum power point, the conventional 

method of P&O begins to perturb with a small step of 

disturbance until the detection of the real MPP. The use of 

this small step allows the system to work with fewer 

oscillations of power around the MPP.  

The details of acronyms used in the flowchart are given 

below. 

• k1   : Constant for estimating current at 

maximum power point. 

• k2   : Constant of sensitivity of limit subroutine 

• ∆V : Voltage step 

• D   :  Duty cycle 

Fig. 4. Organization chart of the Hybrid MPPT algorithm[4] 
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3. Shunt Active Power Filter SAPF 

3.1. Structure of the SAPF 

The structure of a shunt active power filter decomposes 

into two units, power unit and control unit. The power unit 

consists of an inverter with switches of power, commanded 

in the priming and in the blocking (GTO, IGBT, etc.) with 

diodes in antiparallel, and of a coupling filter and a passive 

element that works as circuit of storage of energy, often it is 

a capacitor [13]. 

 

 

 

 

 

 

 

 

Fig. 5. General structure of a Shunt Active Power Filter  

In order to compensate harmonic pollution caused by a 

nonlinear receiver, the SAPF consists of a DC link power 

converter and an energy storage element.  

The control circuit performs synthesis of the reference 

currents of the filter in a way to compensate the undesired 

harmonious current components. Since the currents 

synthesized by the filter depends on the average voltage of 

the storage element, it must be kept constant. The filter 

control algorithm must provide this voltage control. 

3.2. Control loop of the DC bus  

 A PI controller is used for the control of the average 

voltage of the storage element Vdc. 

 The relationship between the active power absorbed by 

the capacitor and the terminal voltage is: 

  







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P dcdc

dc
dc  (2) 

 After Laplace transformation, we have: 
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     The voltage across the capacitor is given by: 
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 From equation (3), and taking account of the PI 

controller. From a small difference between Vdc and Vdc-

ref, the controller will generate the signal corresponding to 

the power needed to compensate losses [14] .the DC voltage 

control loop may then be represented by the block diagram 

of Fig 6: 

 
Fig. 6. Control loop for the DC voltage  

The transfer function of the PI controller is: 
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The transfer function in open loop is given by: 

   
pC

2
)

p

k
(KH

dc

i
pOL   (6) 

The transfer function in closed loop is given by: 

   

dc

i

dc

p

dc

i

i

p

CL

C

k
p

C

K
p²

C

k
p)

k

K
(1

(p)H






 (7) 

By comparing equation (7) with the general shape of a 

transfer function of the second order given by: 
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We have after identification: 
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Where  

•  ξ      : Amortization factor 

• 𝐶𝑑𝑐    : Storage Capacitor 

• 𝑊𝑑𝑐   : Stored energy 

• 𝑤𝑛    : Cut-off pulsation 

3.3. Estimation of the SAPF parameters: 

 The three main parameters to be estimated in the design 

of the power circuit in order to ensure adequate control and 

good filtering quality are [8]: 

• Selection of the reference voltage value of the 

capacitor ( dcrefV ). 

• Selection of the value of storage capacitor dcC  

• Selection of the filter type at the output of the 

inverter ( L ). 
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3.3.1. Reference voltage 
dcrefV  

 In reference [15], to ensure the current controllability of 

the shunt active power filter, the authors require that the DC 

bus voltage 
dcrefV  must be above the maximum (peak) 

phase voltage Vs side of the inverter. 

For a definite nonlinear load the following equation can be 

applied [16]: 

   Vs
1.115

22
Vdcref   (10) 

3.3.2. Storage capacitor dcC  

 For the small and average powers, the most adapted 

element of energy storage is a capacitor placed at the 

continuous side of the inverter, which has two essential 

spots: 

• In permanent diet, it maintains the average DC link 

voltage constant and with low oscillations. 

• It serves as an element of energy storage to 

compensate the difference of the real power 

between the load and the source during the 

transition periods. 

 The value of the capacitor dcC  is calculated with the 

following way [16]: 

   

hdc

h
dc

ωεV

I
C   (11) 

ε : Acceptable Ripple  and hI : current harmonic order h. 

hw : Pulsation of the lowest harmonic rank 

3.3.3. Output filter Lf 

 In order to connect in parallel the voltage inverter with 

the grid, it is necessary to have a connection filter between 

them. The function of this filter is, firstly to convert the 

compensator into a current dipole from the grid point of 

view, and secondly to limit the dynamic of the current, to 

make it easier to control [8]. 

 The value of the coupling inductor Lf is calculated as 

follows [16]: 

   
ωI

ΔV
L

f

f   (11) 

 WhereΔV represents the potential difference between 

the source voltage and the inverter voltage, which 

automatically depends on the DC bus voltage. 

4. Simulation of the Photovoltaic Compensation 

System 

 The proposed compensation system acts as a reactive 

compensator in the case of low irradiation, and as a shunt 

active power filter with injection of the active power 

produced by the chain of photovoltaic conversion into the 

grid in case of a strong irradiation. 

4.1. Simulation parameters 

Table. 1. System Parameters 

System parameters values 

Nonlinear load 

(PD3 rectifier) 

• Rectifier bridge with     

R_L load 

• Inductor filter 

𝑅 =  10Ω 
𝐿 =  1𝑚𝐻 
𝐿𝐶 =  1𝑚𝐻 

Grid (source of 

three-phase 

voltage) 

• Efficiency Voltage 

• Frequency 

• Internal résistance  

• Internal inductance 

𝑉 =  50𝑣 
𝑓 =  50𝐻𝑧 

𝑅𝑠 =  0.02Ω 
𝐿𝑠 =  0.005𝑚𝐻 

Photovoltaic 

Generator 

Type 1STH-115 

• Maximal power 

• Open circuit voltage 

• Short circuit current 

• Voltage at maximum 

power point 

• Current at maximum 

power point 

• Number of parallel 

models 

𝑃 =  115𝑤 
𝑉𝑐𝑜 =  21.8𝑣 
𝐼𝑠𝑐 =  7.5𝐴 

𝑉𝑚𝑝𝑝 =  17.1𝑣 
𝐼𝑚𝑝𝑝 =  6.7𝐴 

𝑁𝑝 =  2 

DC/DC Chopper       

 ( Boost 

converter) 

• Input Capacitor 

• Input inductor 

• IGBT semiconductor 

𝐶𝑖𝑛 = 20µ𝐹 

𝑙 = 1.5𝑚𝐻 

 

Shunt active 

power filter 

• Capacitor of DC bus  

• Output Filter 

• reference Voltage 

• Hysteresis Band 

• PI Controller 

parameters 

𝐶𝑑𝑐 =  1300µ𝐹 
𝐿𝑓 =  1𝑚𝐻 

𝑉𝑑𝑟𝑒𝑓 =  120𝑣 
𝐻𝐵 = 0.1𝐴 

𝐾𝑖 =  22 
𝐾𝑝 =  0.2 

4.2. Simulation results 

4.2.1. Simulation before introduction of the 

photovoltaic compensation system 

• Load Current Ic 

 

Fig. 8. Waveforms of the current load 

• Source current Is 

 

Fig. 9. Waveforms of the currents Is before 

photovoltaic compensation 
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• Active power consumed 

 

Fig. 10. Active power consumed before compensation 

• Reactive power consumed 

 
Fig. 11. Reactive power consumed before photovoltaic 

compensation 

• Harmonious distortion THD 

 
Fig. 12. Spectral analysis of the source current before the 

introduction of the photovoltaic compensation system 

 Initially the system works without the photovoltaic 

compensation system. The load consumes active power of 

430W and the source currents Is are identical to those of the 

nonlinear load Ic, wich are characterized by a spectrum 

containing only odd order harmonics (not multiple of three) 

and with a rate of harmonious distortion of THD = 25%. 

4.2.2. Simulation after introduction of the photovoltaic 

compensation system 

 

 

• Source current Is 

 
Fig. 13. Waveforms of the currents Is after photovoltaic 

compensation 

• Current injected by the filter If 

 
Fig. 14. Waveforms of the compensation currents 

injected in the grid 

• Power supplied by the photovoltaic panel 

 

Fig. 15. Power provided by the photovoltaic panel by 

hybrid MPPT 

• Vdc and Vdcréf voltage 

Fig. 16. Regulation of the Vdc with the PI controller 
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• Active power consumed 

 
Fig. 17. Active power consumed after the implementation 

of the PV compensation system 

• Reactive power consumed 

 
Fig.18. Reactive power consumed after the 

implementation of the PV compensation system 

• Harmonious distortion THD 

 
Fig. 19. Spectral analysis of the source current after the 

introduction of the photovoltaic compensation system 

• Vs and current Is 

 
Fig. 20. Voltage (vs) and current (is) after filtering 

 Those figures shows that the SAPF was put into service, 

by producing a current If that arrives after passing on 

transitional phase of 0.06s, and it makes the source currents 

sinusoidal and in phase with the corresponding voltages. 

After the transitional, we also see that the active power 

decreases which is due to the injection of the photovoltaic 

power produced by the panels into the grid, while the 

reactive energy is around zero. So, the rate of harmonious 

distortion of the current source is improved and it is equal 

to THD=2.84 %. 

5. Conclusion 

This work presents the study of a harmonic 

compensation system using Of a PV system. The main 

objective of this system, which is composed of a SAPF and 

a GPV, is to compensate the disturbances generated by the 

non-linear loads such as the harmonic currents, reactive 

power and inject the active powers Produced by the PV 

conversion chain. The extraction of the maximum PV power 

was done by a hybrid MPPT, which based on two MPPT 

methods P&O and FSCC. In concern to control the DC bus 

voltage, the choice was made for a conventional PI 

controller, which proved its performance in terms of 

stability and robustness for this application. The simulation 

results obtained confirm the theoretical study, and in 

particular the efficiency and the robustness of the proposed 

system: a quasi-sinusoidal current with a rate of harmonious 

distortion THD=2.84.  

However, the work presented in this paper opens wide 

perspectives in the field of active filtering associated with 

renewable energies. We can mentions: 

• For the identification of different perturbations by 

using the instantaneous active and reactive powers 

theory instead of the frequency theory which 

requires a high computation time. Other advanced 

algorithms such as neural, neuro-fuzzy networks 

can also be envisaged. 

• For real-time control: we can use the FPGA for the 

hardware implementation in concern of comparing 

the results. 

• For the MPPT command, we can consider using 

advanced methods such as those based on neural 

networks and genetic algorithms. 
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