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Abstract— This article describes a control method called 
"direct power control" designed specifically for parallel 
active power filters. The purpose of this method is to atten-
uate harmonics in the supply current and offset reactive 
power problems. The main goal is to bring the active power 
and reactive power back to the reference values through 
hysteresis control. The output of the hysteresis controller is 
combined with the switching table to regulate active and 
reactive power in real time by determining the optimal 
switching configuration of the inverter. This study proposes 
a novel switching table design based on analyzing the impact 
of the inverter switching vector on the instantaneous reac-
tive and active power derivatives. The goal is to reduce the 
number of commutations by eliminating zero vectors while 
maintaining the required DC bus voltage using anti-windup 
techniques based on PI controllers.  

Cuvinte cheie: controlul direct al puterii(DPC), filtru activ, 
filtru activ de putere, putere reactivă. 

Keywords: Direct Power Control (DPC), power quality, active 
power filter, active power, reactive power, switching table 

I. INTRODUCTION 
Having the primary objective of enhancing the power 

quality of power sources and achieving unity power fac-
tor, the Voltage Source Inverters (VSIs) continue to play a 
significant role in various grid-connected applications. 
These applications encompass active power filters, and 
distributed generation systems utilizing renewable energy 
sources such as wind and photovoltaic power [1], [2]. 

The widespread adoption of static converters in both 
industrial and household devices, along with the use on an 
increasingly large scale of non-linear loads, has led to a 
significant power quality degradation especially through 
the current waveforms. This deterioration adversely im-
pacts the reliability of power electronic equipment. Active 
power filters, with their diverse series, shunt, and hybrid 
configurations, have emerged as an appealing substitute 
for passive filters due to their advantages [1]. Usually, a 
three-phase Shunt Active Power Filter (SAPF), which 
employs a three-phase VSI is connected in parallel with 
the mains and non-linear loads at the Point of Common 
Coupling (PCC). The SAPF's purpose is to reduce current 
harmonics as much as possible, compensate reactive pow-
er, and maintain system stability. The effectiveness of 
SAPF relies on its power structure design, adopted control 
strategies, and the resilience of its controllers. Different 
control methods, such as some based on instantaneous 

reactive power theory and voltage-oriented control 
(VOC), have been explored to ensure optimal SAPF oper-
ation under varying conditions [1], [3]–[5]. 

Over the past decade, the Direct Power Control (DPC) 
method and others derived from it, such as Virtual Flux-
DPC and DPC-Space Vector Modulation, were applied for 
PWM rectifiers and SAPFs [6]–[17]. Some of these appli-
cations have directly utilized Noguchi's switching table for 
DPC [6]. For the improvement of SAPF performance, the 
authors of [7] proposed an algorithm to compensate the 
harmonic current, redefined the switching functions, and 
dynamically adjusted the hysteresis bandwidths of the 
comparators. Different switching lookup tables for DPC 
used in an AC-DC converter were analyzed in [8]. 

In [9], a direct power control strategy for SAPF was 
presented, including experimental validation to illustrate 
the good dynamics of the system. Appropriate dynamic 
response of the supply current and DC voltage is also il-
lustrated in [10]. 

The use of the direct power control in different applica-
tions, such as rectifiers, grid connected inverters and 
SAPF is well reviewed in [11]. 

Some new or improved switching tables to be used in 
DPC implementation are discussed in [12]–[16]. Also, the 
solution of using multiple switching tables for DPC is 
addressed in [17] and [18]. 

In the case of operation under non-ideal grid conditions, 
replacing the classical static look-up tables with the pre-
dictive DPC for the selection of the switching vector is 
proposed in [19]. 

In order to regulate DC-link voltage, a new control 
method using an anti-windup fractional order proportion-
al-integral differentiator (AW-FOPID) controller is the 
solution proposed in [20]. A short response time in the 
DC-link voltage evolution, as well as small overshoots 
and undershoots are highlighted.  

To compensate the harmonic currents in a grid-
connected photovoltaic system, the hysteresis control and 
the DPC are the two methods analyzed comparatively in 
[21]. The superior performances related to the DPC meth-
od are highlighted. 

Aiming to reduce the instantaneous active and reactive 
power ripples when conventional DPC is used, the re-
placement of the hysteresis controllers and switching table 
by a fuzzy inference system is proposed in [22]. In this 
way, a smother control is obtained. 

This paper is focused on the implementation of the Di-
rect Power Control algorithm in the control of a three-
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phase SAPF system for the compensation of the current 
harmonics and reactive power. First, the system is de-
scribed through its configuration, the calculation of the 
instantaneous powers, the hysteresis controllers and the 
switching table. Then, modelling, simulation and imple-
mentation of the system operation are presented in section 
III. For the experimental implementation of the control 
strategy, the dSPACE DS1103 PPC Controller Board wor-
ing with MATLAB-SIMULINK RTW was used and some 
experimental results are presented in section IV. At the 
end of the work, some final conclusions are drawn. 

II. SYSTEM DESCRIPTION 

A. System Configuration 
The power configuration of the SAPF system based on 

DPC is shown in Fig. 1. The ultimate goal is to compen-
sate both the current harmonics and the reactive power so 
that the power factor at the supply side to be as close as 
possible to one. 

The active power filter can operate as a controlled cur-
rent source and it is required to deliver a supply current 
waveform that closely aligns with the reference current. 

To establish the reference current, it is necessary to es-
tablish a balance between the instantaneous power provid-
ed by the source and the active power filter, and the load 
power. If notations ps and qs are used for the real instan-
taneous power and imaginary instantaneous power respec-
tively at the supply side, for the purpose of offsetting the 
reactive power and eradicating harmonic currents, these 
powers should be ps =  and qs = 0 after compensation. 
pl is the instantaneous power of the load and  is its aver-
age value.  

If pf and qf denote the real and imaginary instantaneous 
power provided by SAPF and ql is the instantaneous reac-
tive power of the load, the following relationships can be 
expressed. 

;  ;     (1) 

 (2) 

qf = ql − qs = ql     (3) 
The oscillatory component of pl should be supplied by 

the active power filter, whereas ql must be entirely 
sourced from the active power filter. This approach ena-
bles the attainment of power compensation as well. 

B. Instantaneous Powers Calculation 
Based on the supply voltages and currents, the instanta-

neous active and reactive powers can be computed as the 
real and imaginary parts of the instantaneous apparent 
power or by using directly the measured quantities, as 
follows [6]: 

a a b b c cp  e i   e i   e i= + +           (4) 

( ) ( ) ( )a b c b c a c a b
1 q   e   e i   e   e i   e   e i  

3
= − + − + −  

(5)
 

In order to increase the system reliability by reducing 
the number of the used sensors, Noguchi formulated the 
so called sensorless DPC which is based on the estimated 
voltage in the point of common coupling [16], [22].  

However, it should be noted that, in this approach, the 
time derivatives of the measured currents are used and the 
effect can be the increase of the harmonic distortion of 
the current [16]. 

C. Hysteresis Controllers 
As shown in Fig. 1, two hysteresis band controllers are 

used in order to keep the instantaneous active and reactive 
powers into a desired band. Their inputs are the power 
errors, respectively the differences between the reference 
and calculated values of the active and reactive powers: 

ref

ref

  P     p 
  Q     q 

p
q

∆ = −
∆ = −   

(6)

 
As illustrated in Fig. 2, the outputs of the hysteresis 

band controllers depend on the input errors (∆p and ∆q) 
and the imposed hysteresis band for the active and reac-
tive powers (HB(p, q)). The following expressions sum-
marize the behavior of the hysteresis controller with re-
spect to power error limits [16]: 

 
    (7) 

0;       
 

 
     (8) 

0;      

 
Fig. 1. Configuration of SAPF system based on DPC. 
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Fig. 2. Behavior of the hysteresis power comparator. 

These outputs of the hysteresis controllers, together 
with the identified sector number of the voltage vector are 
the inputs of the switching table which will determine the 
appropriate switching of the inverter.  

D. Swiching Table 
The look-up table, commonly referred to as the switch-

ing table (ST) is a crucial component in the DPC tech-
nique. It was initially used in publications relating to the 
Direct Torque Control (DTC) of the induction motor [23]. 

ST plays an essential role in selecting the states of the 
VSI’s power semiconductor devices to efficiently regulate 
the active and reactive powers. This component is used to 
determine how the transistors in the VSI are activated and 
deactivated to achieve the desired power values. 

Using a switching table in direct power control offers 
advantages such as simplifying control, eliminating inter-
nal current control loops and PWM modulators, which can 
lead to a more efficient and faster implementation of the 
control technique. 

In the context of DPC, in order to regulate the active 
and reactive powers to their reference values, quick and 
precise decisions need to be made regarding the switching 
states of the semiconductor devices in the VSI. This is 
where the switching table comes into play, providing clear 
instructions on how transistors or IGBTs should be turned 
on or off at each moment to fulfill the control objectives. 

Usually, the switching table is prepared in advance and 
contains all possible switching combinations, each with its 
role in adjusting the active and reactive powers. It can be 
created based on certain criteria, such as errors related to 
the active and reactive powers or the position of the volt-
age vector.  

Using these criteria, the DPC control decides which 
switching combinations to activate in order to achieve the 
desired regulation. 

The primary goal when designing an ST is to ensure the 
accurate tracking of the two instantaneous powers. How-
ever, certain degrees of flexibility are present when pursu-
ing this objective, affording the designer the option to 
alternatively emphasize dynamic properties or system 
efficiency [17].  

Furthermore, the operational mode of the converter (ei-
ther rectifier or inverter) or the grid sequence (positive or 
negative) should also be factored into the design process 
due to the impracticality of developing a single ST capa-
ble of delivering optimal performance across all these 
scenarios. 

 
Fig. 3. Sectors and voltage vectors in the stationary reference frame. 

To conceive the ST, the stationary reference frame α–β 
is divided into 12 sectors (Fig. 3). The number of the sec-
tor where the voltage vector is located can be simply de-
termined by using same comparators [24]. 

The DC voltage control block gives the prescribed ac-
tive power and the prescribed reactive power is an exter-
nal quantity.  

The hysteresis controllers outputs are the digitized sig-
nals dp and dq. Based on dp, dq and the number of the 
sector located for the voltage vector, the ST detailed in 
Table I gives the control signals of the converter’s transis-
tors [6], [8]. 

III. MODELLING, SIMULATION AND IMPLEMENTATION OF 
THE SYSTEM OPERATION 

The simulation of the SAPF system operation is based 
on the specific model conceived for the whole system in 
the MATLAB - SIMULINK environment (Fig. 4). It con-
sists of several dedicated blocks for: the three-phase pow-
er supply, the non linear load which is an uncontrolled 
rectifier with RLC load, the PWM VSI, the control algo-
rithm implementing the direct power control. 

Fig. 5 illustrates the structure of the block named “Al-
gorithm Control”, according to the direct power control 
principles. 

To highlight the correct operation of the control system, 
the waveforms of the phase voltage and supply current 
after compensation are illustrated Fig. 6. It must be speci-
fied that the supply current (in red in Fig. 6) is multiplied 
by 2 for qualitative identification. It can be seen that the 
compensated supply current is almost sinusoidal. For 
comparison, Fig. 7 shows the waveforms of the phase 
voltage and the high distorted load current. 

TABLE I. SWITCHING TABLE FOR THE ADOPTED DPC  

 
.

V6 
(101) 

V5 
(001) 

V4 
(011) 

V3 
(010) 

V2 
(110) 

V1 
(100) α 
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S2 

S3 

S4 S5 

S6 

S7 
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S10 S11 

S12 

V0 
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V7 
(111) 

v 

θ 
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Fig. 4. The Matlab Simulink model of the SAPF compensation system with DPC. 

 
Fig. 5. The structure of the DPC block. 

  
Fig. 6. Waveforms of the phase voltage and supply current,                    

after compensation. 

 
Fig. 7. Waveforms of the phase voltage                                                     

and distorted load current. 
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Fig. 8. The time evolution of the actual DC voltage across the capacitor (in 

blue) and its prescribed voltage (in red). 

To illustrate the correct operation of the DC-voltage con-
trol loop, the actual voltage across the capacitor (in blue) and 
its prescribed value (in red) are shown in Fig. 8. It can be 
seen the faithful tracking of the prescribed value and that 
there is practically no steady state error, compared to the 
imposed value of 780 V. 

IV. EXPERIMENTAL VERIFICATION 
The experimental verification was done on a test bench 

for the SAPF system within the Research Centre for Electri-
cal Engineering of the University of Craiova. 

The control strategy is executed through a single-board 
dSPACE DS1103 PPC Controller Board, with integrated 
development environment of MATLAB-SIMULINK RTW, 
provided by MathWorks, Inc. The adopted sampling time 
used in the experimental tests is 25 µs, and experimental 
results are derived using identical parameters as those used in 
the simulation. 

A picture of the conceived user interface by using Control 
Desk 5.3 is shown in Fig. 9. Both experimental results and 
the control panel are illustrated, as follows. The supply phase 

voltage and current after compensation are shown in the top 
left figure. It can be seen that they are in phase and the cur-
rent is very close to the sinusoidal form, so the active filter-
ing results are very good. The total harmonic distortion 
(THD) factor of the compensated current is about 7.2 %. 
Below these waveforms, the phase supply phase voltage and 
the distorted load current are displayed. In the bottom left 
figure, the three phase currents at the supply side after com-
pensation are shown proving the balanced operation. In the 
upper-right corner, the control options for the algorithm are 
displayed, followed by the DC capacitor voltage (prescribed 
and actual values) waveforms. 

An additional analysis was performed using a Fluke 41B 
harmonic analyzer for same measurements and experimental 
acquisitions. The results shown in Fig. 10 – Fig. 15 corre-
spond to a load current of about 10 A. Thus: the acquired 
supply current after compensation is shown in Fig. 10; its 
harmonics spectrum is shown in Fig. 11; the numerical val-
ues associated with this current are shown in Fig. 12.  With 
reference to the supply voltage, Fig. 13 illustrates its wave-
form, Fig. 14 its harmonics spectrum and Fig. 15 the associ-
ated numerical values. 

It must be specified that the supply voltage available in the 
experiments has a small harmonic distortion of about 1.8 %. 

 

Fig. 10. Acquired supply current after compensation. 

 
Fig. 9. The dSPACE Control Desk user interface. 
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Fig. 11. Harmonics spectrum of the supply current after compensation. 

 

Fig. 12. The screen with the numerical values related to the supply 
current after compensation. 

 

Fig. 13. Acquired supply voltage. 

 

Fig. 14. Harmonics spectrum of the supply voltage. 

 

Fig. 15. The screen with the numerical values related                             
to the supply voltage. 

V. CONCLUSIONS 
This paper described an application of the direct power 

control in a three-phase shunt active filtering system.  
Both the modeling and experimental implementation 

of this specific control algorithm are relatively simple and 
effective at low currents.  

In order to confirm the control strategy’s great perfor-
mance, numerous simulation are conducted, demonstrat-
ing how the non-sinusoidal load current can be changed to 
a quasi-sinusoidal current after the active filtering applica-
tion. 

Since the reactive power is zero after compensation 
and the active power closely follows its reference, an al-
most unity power factor is assured. 

The simulation results are validated by the experi-
mental results.  

The experimental results were obtained within the Re-
search Centre for Electrical Engineering of the University 
of Craiova, by using the dSPACE 1103 interface. 
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