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Abstract - The study made in this paper considers the use of direct power control technique (DPC) and fuzzy 

logic theory to control a shunt active power filter (SAPF). These methods are intended to eliminate harmonic 

currents and, therefore, reduce the total harmonic distortion (THD) of the power grid current. The principle of 

the DPC technique is based on the fast regulation of active and reactive powers. To ensurea stable active power 

exchange between the power grid and the SAPF, a fuzzy inference system is adopted for the DC voltage control. 

Numerical simulations, in Matlab/Simulink/Sim Power Systems and a fuzzy logic tool, has been performed and 

presented at the end of this paper. Simulation results obtained, using Matlab/Simulink environement and fuzzy 

logic tool, clearly show the efficiency of the adopted methods. 

Keywords - Direct power control (DPC), shunt active power filter, PI regulator, instantaneous active and reactive 
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I.  INTRODUCTION  

The development in the field of power electronics 

generatesan intensive use of non-linear loads 

causingthe circulation of harmonic currents into 

electrical power grids. Harmonics reduce efficiency 

and power factor, increasing losses and causing 

electromagnetic interference with neighboring 

communication lines and other adverse consequences. 

Improving the quality of energy has become a major 

research topic in the modern electricity distribution 

system. Nearly 20 years ago, most of the loads used 

by industries and consumers were passive and linear, 

with fewer non-linear loads having less impact on the 

feed system[1].  

With the arrival of semiconductors and power 

electronics devices and their ease of control have 

caused the wide use of non-linear loads, such as 

chopper, inverter and rectifier. The use of these 

devices is the major cause of harmonic and reactive 

power disturbances. These induce overheating of the 

transformers, distortion of the supply voltage, the low 

power factor and the malfunction of the sensitive 

equipment [2], [3]. 

To reduce the impact of these harmonics on the 

power system, the active power filters are installed at 

the common connection point PCC. The SAPF injects 

the compensation current to the PCC to cancel the 

harmonics and to make the sinusoidal source current. 

By installing the SAPF, the harmonic pollution as 

well as the low power factor in the supply system can 

be improved[4]. Direct power control (DPC) is the 

most  control strategy used for the control of SAPF. It 

was first proposed by Ohnishi [5] for PWM rectifier. 

The DPC control comes from the direct torque control 

(DTC) proposed by Takahashi [6] used in the control 

of electrical machines. The principle of the DPC 

control is based on the calculation of the active and 

reactive powers through the current and input voltage 

measurements and instantly performs the power 

control using a switching table and tow hysteresis 

comparators [7]. 

The active power exchange must be stable by 

insuring a DC voltage equal to its reference so that the 

shunt active power filter operates with a good 

efficiency. This can be carried out by using a control 

system able to regulate DC voltage. In this paper, two 

control systems of DC voltage are considered. In the 

first type, one will use a PI regulator whose 

proportional and integral actions offer to the system a 

minimal overshoot and a good response time.  

In the second type of control, human knowledge is 

introduced to improve the performances of the system 

behavior. The operation of the proposed system has 

been verified by simulations  with MATLAB / 

Simulink. 
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II.  DIRECT POWER CONTROL STRATEGY (DPC) 

Direct power control strategy has been proposed 

by Noguchi. It uses a switching table 

to determine the switching states there is no PWM 

block and internal current control loop. The 

instantaneous active and reactive powers are 

compared to a reference value. The reference active 

power is calculated from the output of the DC bus 

voltage regulator Vdc and the reference of the 

reactive power is set to zero to ensure a unit power 

factor as shown in Fig. 2[8], [9]. 

 

 
 

Fig. 1. Block scheme of DPC 

 

It is known that the calculation of the active 

power P is a scalar product of the voltages and the 

currents grid, although the reactive power q is 

calculated by a vector product between the voltages 

and the currents grid. Active and reactive power are 

given by the following expressions:[10] 

ὖ= Ὥ‌ὺ‌+Ὥ‍ὺ‍
ή= Ὥ‌ὺ‍ Ὥ‍ὺ‌

    (1) 

The active power error τP and reactive power 

error τq are assumed by the following expression 

Ўὴ= ὴὶὩὪ ὴ

Ўή= ήὶὩὪ ή
 (2) 

The phase of the voltage vector of the grid is 

converted into a digitized signal —ὲ(angular position) 

eq.3 The calculation of this position requires 

knowledge of the components ὠ‌ and ὠ‍, which can 

be calculated from the transformation of the voltage 

sources from the three-phase plane abc to the 

stationary plane Ŭīɓ: 
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Fig. 2. Sectors on Ŭ-ɓ stationary coordinates. 

 

Depending on the instant errors in active and reactive 

power τp, τq, and the phase angle —ὲ position. The 

switching state Sa, Sb, and Sc of the switches are 

selected through twelve sectors switching table, 

which may be considered the heart of the direct power 

control, as mentioned in Table 1. 

Table1. Conventional switching table for direct Instantaneous 

 

 

The application of the appropriate voltage vector 

from the eight possible voltage vectors of the filter 

will lead the variation of the active and reactive 

power to a specific direction. The influence of each 

voltage vector on the variation of the instantaneous 

power is different, which induces different control 

dynamics. Assume, at time (t), the voltage at the 

coupling point ὺί is located in sector1. The selection 

of the inverter voltage vectors, to construct the 

switching table, is based on the sign of the active and 

reactive power errors in each sector.  

III.  DC BUS  BY  PI REGULATOR  

The main role of the DC bus voltage control loop 

is to maintain this voltage at a constant reference 

value and to generate the reference power for the 

DPC control. The PI controller is widely used for the 



36                                                                                                                                                              NOUREDDINE KHENFAR, ABEDLHAFID SEMMAH, SIHAM KHELIFA    

control of linear systems. Its structure is given by the 

Fig.6 [8], [11]: 

The transfer function of the closed loop 

system is: 

ὠὨὧ

ὠὨὧ ὶὩὪ
=

ὑὴ.Ὓ+ὑὭ

ὅ.Ὓ2+ὑὴ.Ὓ+ὑὭ
=

ὑὴ/ ὅ(ὑὭ/ ὑὴ)

Ὓ2+ὑὴ/ ὅ.Ὓ+ὑὭ/ ὅ
                    (4) 

From the equation, the coefficients Kp and Ki are 

identified by the following relations: 

ὑὴ= 2.‐.‫ὲ.ὅ         (5) 

ὑὭ= ὅ.‫ὲ
2                                                               (6) 

 

 
 

Fig. 3. DC voltage control loop by pi regulator. 

IV.  DC FUZZY VOLTAGE CONTROL  

A fuzzy controller has been developed for 

controlling DC-link voltage and improves filtering 

performance of the SAPF. To do this, we have 

introduced the concept of fuzzy logic as shown in Fig. 

9 [12]. A fuzzy logic controller is based on a 

collection of control rules governed by the 

compositional rule of inference applied to maintain 

the constant voltage across the capacitor by 

minimizing the error between the capacitor voltage 

and itôsreference voltage[13]. 

 

Fig. 4. Structure of the DC voltage fuzzy control 

 

The control law of the system is a function of the 

error and its variation: 

Ўό= (Ὡ,ЎὩ)(7) 

The most general form of this control law is 

defined as follows 

ЎόὯ+ 1 = ЎόὯ+ ὋίЎό(8) 

The error and its variation are defined as follows: 

ὩὯ = ὋὩ(ὠὨὧὶὩὪ
2 Ὧ ὠὨὧ

2 Ὧ)

ЎὩὯ = ὋЎὩὩὯ ὩὯ 1
(9) 

Where:k  ï Iteration number, uD  ï command signal. 

      Fuzzy logic controllers gain interest by many 

researchers and system engineers in the application of 

control system analysis, as well as in the control 

algorithm for shunt active power filter applications. 

Fuzzy logic controller has advantages of simplicity in 

design procedures that does not need any accurate 

mathematical modeling, can work with an imprecise 

input of the system and it can also work with non-

linearity. This fuzzy controller is very robust than 

classical controllers such as PI and PID controllers. In 

this study, a Mandani fuzzy controller was chosen and 

designed with linguistic term ñif thenò. The linguistic 

variables for the rule base was selected as, positive 

Big (PB), positive medium (PM), positive small (PS), 

negative Big (NB), negative medium (NM), negative 

small (NS) and zero (ZE). However, fig. 4 depicts the 

general structure of fuzzy logic controller [14]. 

Table 1. Inference table of the fuzzy DC voltage controller. 

 

V. RESULTS AND DISCUSSION  

The proposed control is simulated using 

Matlab/Simulink.  The first simulation presents a 

system without step DC variation and the second one 

is obtained in  order to show the performance of the 

active power filter for a DC voltage step variation 

occurred at t=0.15 s from 700V to 670V under 

balance source voltage condition.  

 

Fig. 5. Line voltage source and load current 
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Fig. 6. Harmonic spectrum of the load current. 

 

 
Fig. 7. Source current behaviors for conventional DPC without 

step variation of the DC voltage 

 

Fig. 8. Active power behaviors for conventional DPC without 

step variation of the DC voltage. 

 

Fig. 9. Reactive power behaviors for conventional DPC without 

step variation of the DC voltage 

 

Fig. 10. Source current behaviors for conventional DPC with step 

variation of the DC voltage 

 
 

Fig. 11. Harmonic spectrum of the source current using PI 

controller at 0.08 second with voltage step variation at 0.08 

second 

 

 
 

Fig. 12. Harmonic spectrum of the source current using PI 

controller at 0.15 second with voltage step variation 

 

 

Fig. 13. Harmonic spectrum of the source current using fuzzy 

logic controller at 0.08 second with voltage step variation 

 

 

Fig. 14. Harmonic spectrum of the source current using fuzzy 

logic controller at 0.15 second with voltage step variation 

 

Fig. 15.  Active power behaviors for conventional DPC with step 

variation of the DC voltage 


