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Abstract  

This paper proposes a simplified finite control set model predictive 

control (FCS-MPC) strategy for a three-phase shunt active power 

filter (SAPF), which is based on a vector operation technique (VOT). 

In the conventional FCS-MPC, the optimal switching state is 

selected based on the evaluation and minimization of a cost 

function for all possible voltage vectors of the voltage source 

inverter (eight different vectors). The proposed FCS-MPC performs 

like a conventional FCS-MPC where the selection and evaluation of 

the possible voltage vectors are reduced by half (four vectors).  The 

reduction in the computational burden is evident. In this study, the 

modified version of the instantaneous power theory based on a 

high selectivity filter is used to extract reference current 

components which increase the selectivity and the dynamic 

performance of SAPF. Simulation results demonstrate the 

effectiveness and reliability of the SAPF with the proposed control 

strategy under polluted grid conditions. 

 

Keywords: Shunt Active Power Filter (SAPF), Model 

Predictive Control (MPC), High Selectivity Filter (HSF), 

Instantaneous Power (p-q) Theory, Non-Ideal Grid 

Voltages. 

 

1 Introduction 

The main cause of current harmonics generation is 
the use of extensive applications of nonlinear loads 
connected to the utility grid, such as rectifiers, 
computer power, electronic lighting, air-conditioning 
systems and variable frequency drives. Consequently, 

the power quality of the distribution system 
deteriorates, especially the power factor of an 
operating power system [1]. To mitigate these 
harmonics, shunt active power filters (SAPFs) present 
an alternative solution to conventional passive filters 
for power quality problems. To ensure sinusoidal 
form at the point of common coupling (PCC), the SAPF 
injects compensating currents equal in magnitude and 
opposite in phase to harmonic currents [2-4]. 

Basically, the performances of the SAPF depend on 
the extraction method used to generate the reference 
current algorithm. 
Moreover, the SAPF current control is employed to 

generate the switching pulses for voltage source 

inverter (VSI). The role of the harmonics extraction 

method is important in order to ensure appropriate 

injection current from SAPF[5]. 

A number of extraction methods under ideal grid 
voltage conditions have been reported in the 
literature such as the instantaneous power (p-q) 
theory algorithm [6], synchronous reference frame 
(SRF) [7] and fast Fourier transform (FFT) [8]. 
However, in real conditions, the grid voltages are 
most likely to be non-ideal (distorted and/or 
unbalanced). In this case, some extraction methods 
fail to correctly compute the reference current. To 

avoid the problem, a modified version of the 
instantaneous power theory method is presented in 
this paper for a three-phase shunt active power filter. 
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In this scheme high selectivity filters (HSF) have been 
selected instead of the classical extraction filters (low 
pass filters). With this method the total harmonic 
distortion (THD) of the grid currents is reduced, 
improving its quality [1,9]. 

In the literature, several current control methods for 
SAPF have been proposed in the past. They are 
hysteresis [10], repetitive [11], sliding mode control 
[12], optimal control and model predictive control 
(MPC) [13]. In comparison, predictive control schemes 
can provide better dynamic response with high 
accurate current control in a transient state. In 
addition, control can be directly applied to the SAPF 
without needing an external modulator[14]. 

Model predictive control can be classified into three 

categories: 1) Continuous-control-set model 

predictive control (CCS-MPC) or 2) finite-control-set 

model predictive control (FCS-MPC) and 3) deadbeat 

predictive control [15]. To implement FCS-MPC it is 

necessary to obtain a discrete time model of the 

SAPF. Its characterized by a limited number of 

switching states, to predict future behavior of the 

SAPF current in each sampling period. However, the 

main disadvantage is its high calculation burden. 

The vector operation technique (VOT) can be used to 
reduce the calculation burden. This technique has the 
advantage that only two phase-legs are switching at 
high frequency, reducing the switching losses and also 
avoiding cross-coupling between controllers [16, 17]. 
The principle of VOT is that, for each sector, the 
number of possible voltage vectors to be considered 
can be reduced by half. Furthermore, in each sector, 
only two phase-legs are switching at high frequency 
while the remaining phase-leg is maintained at a 
constant DC-voltage value during this interval. 

In contrast to other publications[16,17], this work 
presents a control for a three-phase SAPF using FCS-
MPC with vector operation technique and a modified 
(p–q) method for computing reference current. This 
paper is organized as follows. Section 2 presents a 
model of the SAPF system. Section 3 describes the 
algorithm of FSC-MPC with VOT in )(  − frame 
considering the discrete-time mathematical model of 
the three-phase SAPF system. Section 4 details the 
modified (p–q) scheme for generating the current 

reference. Then, the results of the simulation 
investigations in various cases are given in Section 5 
and the conclusion is summarized in Section 6. 

2 Modeling of three-phase SAPF 

The circuit configuration of the proposed three-phase 
SAPF model is illustrated in Figure 1. The SAPF is 
connected at the point of common coupling between 
the three-phase grid and nonlinear load. A three-
phase diode bridge rectifier, feeding series connected 

R  and L  elements, is used as nonlinear load. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The grid voltages and current are denoted as sv and si  
respectively. Grid impedance is modeled as the 

connection of sR and sL . Lai , Lbi  and Lci  represent 

the load currents, and the compensating currents 

injected by the SAPF are labelled as fai , fbi  and fci . 

C  is the capacitance of the voltage source inverter 

DC-side capacitor. 

According to the Kirchhoff law, the mathematical 

model of the SAPF in the )(abc  frame can be 

expressed as: 

 

safafaf
fa

f vviR
dt

di
L −=+

                                
(1)
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Figure 1: Main topology of three-phase two-level SAPF 
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sbfbfbf
fb

f vviR
dt

di
L −=+

                           
(2)

                                  
 

scfcfcf
fc

f vviR
dt

di
L −=+

                           
(3)

                                          

The space voltage vector of SAPF structure is defined 

as: 

)(
3

2 2
fcfbfaf vaavvv ++=

                             
(4)

                                   
 

where 
)32( jea =  is the rotation factor. 

Considering all possible combinations of the gating 

signals aS , bS  , and cS , eight voltage vectors are 

obtained, as shown in Table 1. Note that 0V  and 7V  

are zero voltage vectors. 

Table 1: Switching states and voltage vectors 
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3

1
2 +=  

0 1 0 
dcdc VjVV

3

3

3

1
3 +−=  

0 1 1 
dcVV

3

2
4 −=  

0 0 1 
dcdc VjVV

3

3

3

1
5 −−=  

1 0 1 
dcdc VjVV

3

3

3

1
6 −=  

1 1 1 07 =V  

 

 

The mathematical model dynamics are then 

represented in the )(  −  orthogonal coordinates 

as: 




sfff
f

f vviR
dt

di
L −=+

                          
(5) 




sfff
f

f vviR
dt

di
L −=+

                           
(6) 

 

3 Finite control set model predictive 

current control 

The finite control set MPC involves two main steps: 1) 
predicting control variables for all admissible 
switching states of the inverter; and 2) evaluating the 
predicted values in a cost function and determining 
the state that minimizes the cost function. The cost 
function is composed of the errors between 
references and predicted control variables. This work 
considers a cost function for SAPF current control 
[18]. 

3.1. Discrete-time predictive model 
The discrete-time model of the SAPF current 

dynamics for a sampling time sT  represents the 

predictive model. It will be used to predict the future 

value of SAPF currents considering all voltage vectors.  

Considering a -phase current, one may approximate 

its changing rate by: 

 

s

fafafa

T

kiki

dt

di )()1( −+


                               

(7) 

where )1( +ki fa and )(ki fa are the sampled currents 

at the 1+k  and k instants, respectively. The 

predicted filter current at the next sampling instant, 

which is calculated by discretizing (1), is given by the 

following: 

)()()(
)()1(

kvkvkiR
T

kiki
L safafaf

s

fafa
f −=+









 −+

                                                                         
(8)

          

 

Simplify (8), the predictive current at 1+k  instant is 

given as follows: 
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( ) )(1)()()1( ki
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ki fa

f

sf
safa

f
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fa 













−+−=+

                                                                      
(9) 

3.2. Conventional FCS-MPC 
The main control objective of current predictive 

control is to track reference current. The cost 

function of the current predictive control can be 

defined as: 

)1()1()1()1( +−+++−+=  kikikikig p
ff

p
ff 

                                                                       
(10) 

where )1( +ki p
f and )1( +ki p

f are the real and 

imaginary components of the predicted SAPF current 

which are obtained by using the system model; 

)1( + ki f and )1( + ki f are the real and imaginary 

components of the reference current which will be 

explained in detail in the following section. 

During each sampling period, the switching state that 

generates the minimum value of g  is selected from 

eight possible function values. In other words, a 

conventional FCS-MPC of SAPF requires eight 

calculations and evaluation for all these eight voltage 

vectors. These calculations are computationally 

expensive and need powerful hardware. 

3.3. Proposed  FCS-MPC with VOT 
One of the major drawbacks in conventional FCS-MPC 

is the evaluation of all possible voltage vectors of the 

VSI, which lead to a high computational burden and 

limits the sampling frequency. To overcome this 

problem a simplified FS-MPC has been introduced in 

[16, 17]. In the proposed strategy, the number of 

possible voltage vectors can be reduced to four, as it 

will be shown latter. Therefore, the computational 

load of the control algorithm will be clearly reduced. 

To explain vector selection based on the vector 

operation technique, the whole )(  −  plane is 

divided into six sectors, as shown in Figure 2. 

 

 

 

 
 

 

According to the sign of the grid voltages (positive or 

negative), the selection of four possible voltage 

vectors in each sector are chosen. As shown in Figure 

3, for sector 1 (
 600 − ) the voltages sav  and scv  

have the same sign, and consequently the high 

frequency phase-legs are a  and c . As a 

consequence, the inactive phase leg will be phase-leg 

b  [16]. The other sectors will also follow a similar 

approach to select the voltage vectors. Table 2 

summarizes the pre-selection voltage vectors for each 

sector. 

 

 

 

 

 
Table 2: Pre-selection voltage vectors for each sector 

 

 

Finally, the objective of the proposed FCS-MPC with 

VOT can be obtained by evaluating the cost function 

for all sectors. The overall control system is illustrated 

in Figure 4. 

 

 

Sector 
sav

 

sbv

 

scv

 

aS

 

bS

 

cS

 
fv  

 600 −  + – + X 0 X 6510 ,,, VVVV

  12060 −  + – – 1 X X 7621 ,,, VVVV

  180120 −  + + – X X 0 
3210 ,,, VVVV

  240180 −  – + – X 1 X 7432 ,,, VVVV

  300240 −  – + + 0 X X 5430 ,,, VVVV

  360300 −  – – + X X 1 7654 ,,, VVVV

 

1V  

2V  3V  

4V  

5V  
6V  

  

  

0V  
7V  

0 60 120 180 240 300 360
-400

-300

-200

-100

0

100

200

300

400

Figure 2: Voltage vectors in the complex plane 

Figure 3: Three-phase grid voltages and sixty degrees sectors 
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4 Reference current generation  

In this paper, the reference current signal is derived 
from the measured quantities by using the modified 
instantaneous power theory. The main steps of this 
method are summarized in the diagram of Figure 5. In 
this scheme, the Concordia transformation can be 
expressed for a three phase system (nonlinear load 
current and grid voltage) as follows:  
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Therefore, the load currents in )(  − axis can also 

be decomposed into )(dc  and )(ac  components as 

follows: 







+=

+=

)()(
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acLdcLL
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iii

iii
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(13)

                                             

 

Then, the high selectivity filter extracts the 

fundamental components directly from the currents 

in the )(  − axis. After that, the )(  − harmonic 

components of the load currents are computed by 

subtracting the HSF input signals from the 

corresponding outputs.  

This approach can be expressed as follows [19, 20]: 
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where K is a constant gain parameter and cf is the 

cutoff frequency. 

On the other hand, under non-ideal conditions, grid 

voltage in )(  − frame can actually be decomposed 

into )(dc  and )(ac  components as follows: 
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The transfer function of HSF for grid voltage can be 

summarized as follows:
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The instantaneous active and reactive power is 

represented as follows: 
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where )(acp and )(acq represent the distorted )(ac  

components of instantaneous real and imaginary 

powers, respectively. 

 

Therefore, the reference currents in the )(  −

frame are obtained by: 
















 −

+
=














+





q

pp

vv

vv

vvi

i cac

dcsdcs

dcsdcs

dcsdcs

)(

)()(

)()(

2
)(

2
)(

1








 

(18) 

where cp is an active power required for regulating 

DC bus voltage. 
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Figure 4: Control block diagram of FCS-MPC with VOT for 
SAPF 
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5 Simulation results and analysis  

Simulations are carried out in Matlab/Simulink 
software and the proposed FCS-MPC strategy is 
implemented and evaluated. The main purpose of the 
simulation is to test control law performance under 
the following four different aspects: 1) steady-state 
performance of the SAPF under the balanced 
condition of the grid voltages; 2) performance of the 
SAPF under the unbalanced condition of the grid 
voltages; 3) performance of the SAPF under the 
distorted condition of the grid voltages; and 4) 
performance of the SAPF during load change. The 
main system parameters are presented in Table 3.

 
 
Table 3: Design specifications of SAPF 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.1 Steady-state performance of the SAPF under the 
balanced condition of the grid voltages 
Figure 6 shows the main SAPF waveforms of the 

proposed method when the grid voltage is sinusoidal 

and balanced. The grid voltages )( sabcv , load currents

)( Labci , grid currents, )( sabci  and filter currents 

)( fabci  are depicted there.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameter Value 

Grid voltage 220 V 
Grid resistor 0.1  

Grid inductance  0.5 mH 

Grid frequency 50 Hz 

Load AC resistor  1.2 m 

Load AC inductance 0.3 mH 

DC voltage  800 V 

DC capacitor 3300 µF 

Filter resistor 5 m 

Filter inductance 5 mH 

Load resistor 40  

Load inductor 50  mH 

 
Sampling frequency 
 

40 kHz 
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Figure 5: Block diagram of modified (p-q) theory 
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Figure 6: Simulation results of SAPF under balanced 

sinusoidal grid voltage: (a) three-phase grid voltages, (b) 

load currents, (c) grid currents, (d) filter currents  
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It can be seen from the waveform of the load current 

that its harmonic content is high. After compensation, 

the waveform of the grid current is approximately 

sinusoidal and in phase with the grid voltage. 

Figure 7 illustrates the harmonic spectrum of the grid 

current before and after filtering. It confirms that the 

proposed FCS-MPC compensates the total harmonic 

distortion of the grid current. The THD of the grid 

current was reduced from 28.80% before 

compensation to 1.52% after compensation. Further, 

the DC-link voltage is maintained at its reference 

value of 800 V, as shown in Figure 8.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2 Performance of the SAPF under the unbalanced 
condition of the grid voltages 
Figure 9 shows the main SAPF waveforms when the 

grid voltage is sinusoidal but unbalanced. The RMS 

values of each phase of the grid voltage are 240V, 

220V and 200V respectively. 

The proposed method can still make the grid current 

sinusoidal and balanced. The THD of the grid currents

)( sabci before compensation are respectively 26.42%, 

29.41% and 30.88% while after compensation they 

are 1.56%, 1.61% and 1.70%. The DC-link voltage is 

also stable and it is maintained near its desired 

regulated value of 800 V. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3 Performance of the SAPF under the distorted 
condition of the grid voltages 
Figure 10 shows the behavior of the SAPF under non-

sinusoidal voltage grid condition. In this case the grid 

voltage is not sinusoidal and includes a 7th harmonic 

component (THDv= 14.29%). The THD of the grid 

current under this condition is 3.24% after filtering. 

The simulation results verify the effectiveness and 

performances of the proposed method under 

distorted grid voltages. Notice that the grid currents 
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Figure 7: Harmonic spectrum of phase-a grid current: 
 (a) before compensation, (b) after compensation 
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Figure 9: Simulation results of SAPF under unbalanced 

sinusoidal grid voltage: (a) three-phase grid voltages, (b) 

load currents, (c) grid currents, (d) filter currents, (e) DC-link 
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after compensation are almost sinusoidal and 

balanced. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.4 Performance of the SAPF during load change 
To study the dynamic performance of the proposed 

FCS-MPC with VOT, the system has been simulated 

under a 100% step change in the load current. The 

Figure 11 shows the simulation results under dynamic 

load conditions. These waveforms show the dynamic 

capability of SAPF to compensate harmonic currents 

of the load under this sudden variation in the load. 

Based on all the results obtained from numerical 

simulations, it is shown that the proposed FCS-MPC 

confirms that the grid current is almost sinusoidal and 

balanced after compensation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6 Conclusion  

This paper presents an FCS-MPC strategy for a three-
phase shunt active power filter with vector operation 
technique. The FCS-MPC with VOT approach is 
introduced to select the optimal vector, which 
requires only four voltage vectors to be predicted 
instead of all of the voltage vectors. As a result, the 
computation time of the proposed method is 
significantly reduced, compared to the traditional 
FCS-MPC strategy. The effectiveness of the proposed 
method was validated using Matlab/Simulink 
software. The simulation results demonstrate the 
effectiveness of the proposed control algorithm for 
various operating conditions, such as unbalanced or 
distorted grid voltages. 
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