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Abstract - In this study, we present a new control method entitled direct power control 

without voltage sensors of a grid connected photovoltaic system associated with an active 

power filter. The direct control of power (DPC) is employed for the calculation of 

reference current generation. In this technique the switches states of inverter are selected 

from a table of switching based on the immediate errors between the active and reactive 

powers and their reference values. The objective of this paper is the reduction of Total 

Harmonic Distortion (THD) of source current, compensate reactive power and inject the 

maximum active power available from the PV array into the load and/or grid. 

Matlab/Simulink simulations are provided to demonstrate the performance of the 

proposed approach.  

Résumé - Dans cette étude, nous présentons une nouvelle méthode de contrôle intitulée 

Contrôle direct de puissance sans capteur de tension pour un système photovoltaïque 

connecté au réseau associé à un filtre actif parallèle. Le contrôle direct de la puissance 

(DPC) est utilisé pour le calcul de la génération de courant de référence. Dans cette 

technique de commande, il n’y a ni boucle interne de contrôle de courant ni bloc de 

modulation, dans ce cas les états des interrupteurs de l’onduleur sont sélectionnés à 

partir d’une table de commutation basée sur les erreurs instantanées entre les puissances 

active et réactive estimées et leurs valeurs de références. L'objectif de cet article est la 

réduction de la distorsion harmonique totale (THD) du courant source, la compensation 

de la puissance réactive et l'injection de la puissance active maximale photovoltaïque 

disponible dans la charge et/ou le réseau. Des simulations Matlab/Simulink sont fournies 

pour démontrer la performance de l'approche propose.  
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1. INTRODUCTION 

The growth of energy demand in the world has greatly stimulated the search for new 

sources of energy. Solar energy is one of the most promising non-conventional sources. 

Solar energy captured using photovoltaic panel represent a viable energy alternative for 

the production of electricity. Photovoltaic (PV) energy has great potential to supply 

energy with minimum impact on the environment, since it is clean and pollution free, 

noise-free, and renewable.  

Industrial and domestic equipment use more and more electronic circuits with a 

nonlinear behavior. These equipments behave like nonlinear loads, generating 

harmonics and cause electromagnetic compatibility problems rice [1][2]. This result in 

the reduction of power factor, reduces the efficiency and reduces the system performs. 

If the grid-connected PV system is applied to non-linear loads, the power quality is 

relatively poorer, because of the active power supply by the PV array. To solve this 

problem, the grid-connected PV system should not only supply active power to the 
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system via MPPT, but also improve the power quality (low THD and unity power 

factor) [3].  

In this paper, a direct coupling between the Photovoltaic cells and the shunt active 

power filter with direct power control (DPC) employed to inject the solar power into the 

utility grid under fixed Photovoltaic power conditions. The whole system can provide 

the power factor correction, harmonic elimination, reactive power compensation, and 

simultaneously inject the maximum active power available from the PV array into the 

load and/or grid.  

The DPC strategy is based on the instantaneous active and reactive power 

comparators. The active power command is provided from a dc-bus voltage controller 

block, while the reactive power command is directly given from the outside of the 

controller. Errors between the commands and the estimated feedback power are input to 

the hysteresis comparators. Inner current control loops and PWM modulator are not 

required in DPC because the converter switching states are selected by a switching table 

based on the instantaneous errors between the commanded and estimated values of 

active and reactive powers [4, 5].  

In order to verify the proposed system. The PV system is simulated using Simpower 

with S-function of Matlab/Simulink. 

2. SYSTEM CONFIGURATION 

The structure of the grid-connected PV system is shown in figure 1. The system 

consists of a photovoltaic array connected through a boost converter to a three-phase 

inverter that is connected to a grid through a simple filter and nonlinear load.  

The boost converter performs the MPPT function. Whereas the inverter is used to 

transfer the power from PV module, it also assure the compensation of the harmonic 

currents, reactive power and unbalanced current. 

 

Fig. 1: Grid-connected inverter interfaced with PV system 

2.1 PV array model  

The PV module is the unity of base for the construction of a PV array. We have used 

the PV module model of a single diode. This model is the most commonly used due to 

good results [6]. The current-voltage relationship is given by: 
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phI , the current generated by the incident light ; sI , the reverse saturation or leakage 

current of the diode; sR , the equivalent series resistance; shR , the equivalent parallel 

resistance, q , the electron charge (1.60217646 × 10-19 C); k , the Boltzmann constant 

(1.3806503 × 10-23
 J/K); A , quality factor of diode.  

The PV model is simulated using SunPower SPR-305E-WHT-D. 

 

Fig. 2: Single-diode model of the theoretical PV cell 

2.2 Boost converter modeling 

Figure 3 shows the equivalent circuit of the boost converter. These converters can be 

described using ordinary differentiation equations as follows, 

 
Fig. 3: Boost converter 
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D , is the duty cycle.  

The switch is on for a period equal to TD , and the switch is off for an interval time 

equal to T)D1(  . 

2.3 Maximum power point tracking  

Several publications on MPP methods are regularly published in the literature. For 

our study, we chose the MPPT algorithm of P&O. The P&O algorithm is widely used to 

track the maximum-power point because of its simple structure and its easy 
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implementation on a field-programmable gate array, [7, 8].The working principle of 

P&O is depicted by the flow chart in figure 4. 

 

Fig. 4. P&O Algorithm 

2.4 Active power filter  

The structure of the active filter consists essentially of two parts, a power and a 

control part. The power part consists of an inverter, a coupling filter and a source of 

energy. The control part is used to control the switching of semiconductor elements 

forming the inverter from the power part. Au through appropriate control strategies, it is 

possible to generate harmonic signals at the output of the inverter to offset those present 

on the power grid, such as, [9] 

fls iii               (5) 

si , current of source; li , current of the load; fi , current compensation. 

3. DIRECT POWER CONTROL 

The main idea of the direct power control (DPC) originally proposed by Ohnishi 

(1991) and further developed by Noguchi et al. in 1998, is similar to the direct torque 

control (DTC) of induction machines. Instead of flux and torque, the active power ( p ) 

and reactive power ( q ) are selected as two instantaneous magnitudes to control (figure 

5),  [10]. 

The estimated values of ( sp ) and ( sq ) in terms of the switching states of the 

converter, the three phase line currents, the dc-bus voltage, and the inductance of the 

reactors can be derived as, [4, 10]. 
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The voltage can be estimated by the following equation 
















 




















s

s

22 q

P
.

ii

ii
.

ii

1

V

V
           (8) 

 

 



Direct power control of a grid connected photovoltaic system, associated with...  103 

 

Fig. 5: General structure of shunt active filter controlled by DPC 

3.1 Development of controllers 

The reference of reactive power ( refq ) and active power ( refp ) are compared with 

the estimated reactive ( sq ) and active ( sp ). Errors between the commands and the 

estimated feedback power are input to the hysteresis comparators and digitized to the 

signals pS  and qS . The output signal of the active power controller is defined. 
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and similarly for the reactive power controller as, 
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3.2 Determination of sector 

The phase of the power-source voltage vector is converted to the digitized signal  

N . For this purpose, the working plane (  ,  ) is divided into 12 sectors (figure 6). 

The sectors can be numerically determined by the following equation, [5, 10].  
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Or, 12,...3,2,1N    is the number of the sector. 
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Table 1: All sectors switching table 

 

 

Fig. 6: Plant ( ,  ) divided in 12 sector 

3.3 Switching table  

For all sectors the switching table proposed is represented in the Table 1. 

3.4 PI controller  

The regulation of the continuous voltage of inverter is ensured by a regulator of PI 

type. The error between the voltage of the capacitor dcV  and the reference voltage 

dcrefV  is used as an input to PI Controller and the output is the reference active power 

pref. The transfer function of the PI Controller is: 
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This transfer function represents a second-order system, 
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4. SIMULATION RESULTS AND ANALYSIS 

In order to prove the performance of the Renewable Energy Interfaced Shunt Active 

Filter Using a flux virtual Direct Power control, the PV system depicted in figure 1 has 

been simulated using the SimPowerSystem with S-function of Matlab/Simulink. 

Parameters used in simulation are as follows. 
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Table 2. Sapf parameters 

Parameter Value 

Source voltage 125 V 

Supply frequency 50 Hz 

Source impedance sR , sL  1.0 , mH1.0  

Filter impedance  fR , fL  1.0 , mH6.2  

Line impedance 1R , 1L  01.0 , mH5.0  

DC-link capacitor C  F2000   

Diode rectifier load LR , LL  20 , mH2  

The figure 8 present the current source and there harmonic spectrum before the 

compensation. the current is highly distorted and its THD is equal to 27.57 %, the active 

and reactive power are presented in the figure 9. 

 

Fig. 7: (a) Supply current and voltage before harmonics compensation 

(b) Current harmonic spectrum 

 

Fig. 8: Active and reactive powers of source before compensation 

 

Fig. 9: (a) Solar radiation, (b) Current PV array 
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To verify the proposed control, a variable profile irradiance to sweep all modes of 

operation of our system is done. Figure 10 shows the solar irradiance level starts from 0 

W/m2, then increases to 1000 W/m2, after that decreases to 200 W/m2. 

 

 

 

 

 

Fig. 10: Simulation results after compensation 

(a) Source voltage, (b) source current, (c) Source voltage and current of phase 1, (d) 

Filter current, (e) DC-link voltage dcV , (f) Active and reactive powers of source 
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Fig. 10: Simulation results after compensation (to continue) 

(f) Active and reactive powers of source 

Figure 10 (a) and (b) show source and filter currents after filtering with PV array. 

The sources current become perfectly sinusoidal compensated by the filter current at 

unity power factor.  

We can observed from 0.4 to 0.8 sec, the opposite phase between voltage and 

current source and the negative sign of the utility active power ( SP ), meaning the filter 

current has information of harmonic and PV array currents to ensure elimination of 

harmonic and injection of current to the load.  

In figure 10 (e) the dc link voltage returns to its reference value in few milliseconds. 

The figure 10 (f) show the reactive and active power, the reactive power is almost kept 

zero, which is compensated by the reactive current injected at the PCC via the SAPF. 

 

Fig. 11: (a) Supply current after harmonics compensation 

(b) current harmonic spectrum 

 

Fig. 12: (a) Supply current after harmonics compensation 

(b) current harmonic spectrum 
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Fig. 13: (a) Supply current after harmonics compensation 

(b) current harmonic spectrum 

The graphs of the source current after application of the active filtering with PV 

array are represented on the figure 11, 12 and 13. The active filter decreases the total 

harmonic distortion (THD) from 27.57 % to 1.78 % with 0 W/m2, 1.50 % with 1000 

W/m2 and 3.15 with 200 W/m2; which proves the effectiveness of the proposed 

controller.  

It can be concluded that the DPC0 gives betters results for harmonic minimization 

and inject the maximum active power available from the PV array into the load and/or 

grid. 

5. CONCLUSION 

In this paper, the validity of the proposed Direct Power Control of Active Power 

Filter in Grid-connected Photovoltaic Systems is investigated. The proposed system 

injects solar power to the grid and compensates reactive power and harmonic currents 

existing at PCC caused by the non-linear load. The DPC technique is employed for the 

calculation of reference currents containing harmonics, reactive, and solar current 

information. P&O algorithm is applied to optimize the power generated by the PV array 

and to control the DC-DC boost converter. The simulation results obtained in the 

various cases demonstrate the effectiveness and robustness of the proposed system. 
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