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Abstract: Active power filter can compensate harmonic and reactive power, Three level neutral point 

clamp (ANPC) has the characteristics of low output harmonic and low device loss. The control of three-

level active power filter needs to consider multiple objectives. Finite control set model predictive control 

(FCS-MPC) is a new method which can add constraints and multi-objective control. According to the limit 

of the switch state, it can track the reference current, which has the characteristics of fast dynamic response 

and good compensation effect. This method not only keeps the neutral point voltage balance, but also solves 

the problem of unstable switching frequency. 

1 Introduction 
The use of power electronics and the integration of new 

energy will cause a lot of harmonic pollution and reduce 

the quality of power grid. In order to improve the power 

quality and safe use of electricity, many scholars have 

proposed many solutions to the problem of harmonic 

suppression, such as starting from the harmonic source, 

improving the topology structure, reducing the occurrence 

of harmonics, improving the control method, improving 

the control accuracy, using multi-level structure and so on. 

APF is the most widely used harmonic control device. Its 

working principle is to inject the detected harmonic 

current into the power grid in the opposite direction. APF 

can not only reduce the harmonic content, but also 

compensate the reactive power. It can effectively improve 

the power quality and improve the security of the 

distribution network. 

The harmonic frequencies that APF can manage are 

widely distributed, so they are used in various occasions. 

Many algorithms are also proposed for APF control, and 

the stability and reliability of its application have been 

further improved. The three-level APF, because of its 

special structure, can output more vector combinations, 

and because it is also a harmonic source, its special 

structure makes its impact on the power grid lower [1, 2]. 

Literature [2] proposed a three-level APF sliding model 

control, which is a traditional nonlinear control method 

that can stably control the harmonic content of the power 

grid, but the calculation is large, and the control has the 

problem of delay. MPC opinions are applied to many 

areas of power electronics, such as two-level converters, 

multi-level converters, and SVG. 

The FCS-MPC of the three-level APF studied in this 

paper has a clear physical meaning and is easy to 

understand. It is improved from the traditional MPC to the 

field of converter control. The basic principle is to 

establish a discrete mathematical model of the control 

object, calculate the predicted current value according to 

different switch vector outputs, establish a value function, 

find the optimal switch combination under the minimum 

value function, and apply it to the APF. The APF DC side 

capacitor voltage adopts PI control, and the weight 

coefficient control is added to the three-level two 

capacitor voltage balance. 

2 The structure and mathematical model 
of three-level APF 

2.1. Topology 

The main circuit structure diagram of the three-phase 

three-wire APF is shown in Fig.1. ea,eb,ec are the grid 

voltages, ica,icb and icc are the output compensation 

currents of the APF, iLa, iLb, and iLc are the load currents, 

and L and R are filter inductance and equivalent resistance, 

C1 and C2 are DC side balancing capacitors, and their 

capacitance values are equal. 
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Fig.1 Structure diagram of three-level APF

For the three-level APF, each bridge arm has 4 points 

of IGBT, and there are 27 different switching states in 

total. From this, it can be defined that the formula of the 

switching function is equation (1).
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The 27 switching states of the three-level APF can 

generate 19 different voltage vectors, including three sets 

of zero vectors and 12 sets of redundant vectors. These 27 

switching states and vectors can be expressed as Fig. 2

Fig.2 27 sets of switches vector

2.2. Mathematical model of three-level APF

According to the structure diagram of Fig. 1, the 

mathematical model of a,b and c three-phase can be 

obtained as equation (2), where uca is the output voltage 

value of APF.
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Since in the three-phase coordinate system, the current 

output tracking reference value will have cumulative 

errors, the mathematical model is established in the α-β
coordinate system.
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The dynamic equation of DC side capacitor C1, C2 is 

equation (4)
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3 finite control set model predictive 
control of there-level APF

3.1.  FCS-MPC principle of current

In the α-β coordinate system, there are 27 voltage vectors. 

The schematic diagram of predictive control is shown in 

Figure 3. At each sampling time, all switching states are 

cycled in turn, and the detected harmonic current value is 

taken as the reference value, and the variance is calculated 

with the predicted value. At the same time, the term of 

balancing capacitor voltage is added to distribute the 

weight factor, so as to synthesize all the reference tracking 

values, select the switch state with the minimum value 

function, output to APF, and cycle in the future. This way 

can track the harmonic current in real time without pulse 

width modulation (PWM).

Fig.3 Diagram of FCS-MPC principle 

3.2.  FCS-MPC of three-level APF

After discretizing the difference of equations (3) and (4), 

equations (5) and (6) are obtained
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The ic1(k) and ic2(k) in equation (6) are the current 

values determined by the switch and the output current 

together, which are defined by equation (7).
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G1x, G2x are determined by the current switch state, 

and their value is represented by equation (8), idc(k) is the 

current on the DC side at the current moment.
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Since the reference harmonic current is at the current 

moment, the second-order LaGrange interpolation 

prediction is performed on it
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According to the above prediction equation, the cost 

function of equation (10) can be established
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4 Fixed Frequency FCS-MPC
A new control strategy is proposed to solve the problems 

of unstable switching frequency and high sampling 

frequency in FCS-MPC of three-level APF. The optimal 

value of each voltage vector contained in the large area is 

determined by optimizing the value of each voltage 

sequence. Taking area, a as an example, the selection of 

switch vector is studied.

There are 10 groups of switch sequences in zone A. 

four groups of switch sequences decrease the neutral 

voltage and six groups increase the neutral voltage. There 

are a group of switching sequences that reduce the neutral 

point voltage and two groups of switch sequences that 

increase the neutral point voltage in the zone 1 and 2. In 

zone 3 and zone 4, there are a group of switching 

sequences that affect the rise and fall of neutral point 

voltage. Taking area 1 and area 3 of area a as examples, 

the influence of switching sequence on neutral point 

voltage is illustrated, which is similar to other cells. In 

order to better explain the influence of three groups of 

switching sequence in zone 1 and zone 2 on neutral point 

voltage, the traditional space vector partition method is 

improved, that is, 1 is divided into 1.1 area and 12 area, 

and cell 2 is divided into 2.1 area and 2.2 area, as shown 

in Fig. 4.
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Fig.4 Division of area A

The reference voltage is located in zone 1 of area A, 

and the two groups of positive and negative small vectors 

pp0 / 00n and p00 / 0nn affect the neutral point voltage 

balance. The five-section switch sequence p00-000-00n-

000-p00 can reduce the neutral point voltage. Both small 

vector p00 and 00n can reduce the neutral point voltage, 

and the zero vector 000 has no effect on the neutral point 

voltage. Therefore, the five-segment switching sequence 

poo-p00-000-00n-000-p00 can reduce the neutral point 

voltage of three-level APF whether in 1.1 or 1.2 area. 

After determining the switch state to be output, the 

corresponding three voltage vectors can be determined. At 

this time, the duty cycle of the output vector in the 

rotating coordinate system can be calculated according to 

the reference vector.
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By solving it, we can get the following results
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5 Simulation Analysis
In order to verify the effectiveness of the FCS-MPC 

control strategy for the three-level APF, a simulation 

model was built in MATLAB/Simulink, and the 

parameters are shown in Table 1. The harmonic source is 

an uncontrollable diode rectifier bridge, and the load 

fluctuates at 0.3 seconds. The reference current is the 

harmonics detected by the ip-iq method. Take λ1=λ2=0.45 

and λ3=0.1.

Table.1 Simulation model parameters

Parameters Value

Grid Voltage 380V
DC Voltage 800V

Capacitor C1, C2 3000μF
Inductor 4mH
Resistor 0.01Ω

Load Resistor 10Ω

Settingf the above parameters of the simulation model, 

and running the simulation in Simulink, you can get the 

simulation diagrams in Fig. 5, which can reflect the 

dynamic performance and stability of the algorithm.
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(a)

(b)

(c)

(d)

Fig.5 (a) is the three-phase load current; (b) is the voltage value of capacitors C1 and C2; (c) is the grid current after compensation;(d) 

is the total harmonic distortion rate at 2.35 seconds.

(a) In order to detect the three-phase harmonic load 

current, it can be seen from (a) that the harmonics of the 

power grid are mainly of the 3,5 and 7 harmonics, and the 

harmonic content is relatively high, which is detected by 

ip-iq method, It can be seen from (b) that the capacitor 

voltage balance performance is good, and the expected 

value can be achieved quickly after the load changes. (c) 

In order to use FCS-MPC algorithm to control the APF 

compensation result, the current waveform is close to sine 

wave, and has fast dynamic performance. When the load 

changes, it can track the compensation harmonic well, and 

carry out FFT analysis on it. The THD of (d) is 2.07%, 

which meets the harmonic requirements of power grid.

6 Conclusion
(a) Because of its structure, multi APF has more output 

voltage vector, better compensation effect and lower 

harmonic content. Aiming at the high sampling frequency 

and unfixed switching frequency of MPC algorithm, FCS-

MPC control algorithm is proposed. The output of the 

strategy is a group of vector sequences. The controlled 

object is determined as 10 groups of vector sequences, 

and the optimal vector sequence is determined by rolling 

optimization, It solves the problem of neutral point 

voltage offset of three-level ANPC inverter, and 

overcomes the disadvantage of traditional MPC algorithm 

that the switching frequency is not fixed. Through 

simulation, it has good performance, and the grid current 
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keeps a low harmonic content, which proves the 

effectiveness and feasibility of the method.
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