
IOP Conference Series: Earth and
Environmental Science

     

PAPER • OPEN ACCESS

Model Predictive Current Control with a Fixed
Switching Frequency for Power Factor Corrected
Rectifiers in Microgrid
To cite this article: Y M Hong et al 2019 IOP Conf. Ser.: Earth Environ. Sci. 354 012118

 

View the article online for updates and enhancements.

You may also like
Harmonic Voltage Amplitude Calculation
and Fundamental Amplitude Correction
Based on Synchronized SVPWM of Two-
level VSI under Low Switching Frequency
Yueqiang Hu and Fengguang Jiang

-

A Novel Capacitor Voltage Balancing
Method for MMCs with Less Computation
and Lower Switching Frequency
Xin Gou, Jiping Lu and Wenling Deng

-

Integrated voltage regulators with high-
side NMOS power switch and dedicated
bootstrap driver using vertical body
channel MOSFET under 100 MHz
switching frequency for compact system
and efficiency enhancement
Kazuki Itoh, Masakazu Muraguchi and
Tetsuo Endoh

-

This content was downloaded from IP address 18.117.145.173 on 15/05/2024 at 21:01

https://doi.org/10.1088/1755-1315/354/1/012118
https://iopscience.iop.org/article/10.1088/1742-6596/2434/1/012004
https://iopscience.iop.org/article/10.1088/1742-6596/2434/1/012004
https://iopscience.iop.org/article/10.1088/1742-6596/2434/1/012004
https://iopscience.iop.org/article/10.1088/1742-6596/2434/1/012004
https://iopscience.iop.org/article/10.1088/1755-1315/322/1/012014
https://iopscience.iop.org/article/10.1088/1755-1315/322/1/012014
https://iopscience.iop.org/article/10.1088/1755-1315/322/1/012014
https://iopscience.iop.org/article/10.7567/JJAP.56.04CF14
https://iopscience.iop.org/article/10.7567/JJAP.56.04CF14
https://iopscience.iop.org/article/10.7567/JJAP.56.04CF14
https://iopscience.iop.org/article/10.7567/JJAP.56.04CF14
https://iopscience.iop.org/article/10.7567/JJAP.56.04CF14
https://iopscience.iop.org/article/10.7567/JJAP.56.04CF14
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsv1ZCKrU7b2ZH3Qf-JvEeD0U8fe3gEllN75_JePZd7RU8Ic9oavM2gfnMI2-F7kdg3HBtaObHJJZrl8zo5mBYIXt_yDAIW-fov9llsJWPtffwYTiEZjbwukclhJN5L9GzZ9x-3QRpG8rK24_uciYF3NKPxh0Vy70KqtxiT0c5miTOmbHR8VxdXUP6syc_4p-qXcF14ng-IQf9d7aWpNcWQ-3nCd91roDzjEQ_2IsSHKSBXHvVV5ZbrbRAJdMIN_Hj0H3Vp6ogI13ItONssbwmiZLs1p8zFYX6f-qrsAxXs6nZeTgPv0N35Nute98E_oEjGmChRAUHTJ6enm3kwkfXfdjXlP47Im&sig=Cg0ArKJSzNaL7VSS75Vo&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

2019 International Conference on New Energy and Future Energy System

IOP Conf. Series: Earth and Environmental Science 354 (2019) 012118

IOP Publishing

doi:10.1088/1755-1315/354/1/012118

1

 

 

 

 

 

 

Model Predictive Current Control with a Fixed Switching 

Frequency for Power Factor Corrected Rectifiers in 

Microgrid 

Y M Hong1, Q B Lin1, 2, 4, Y Zong2, Y Shi2, X J Su3 

1 College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 

350100, Fujian, China 
2 The Center for Electric Power and Energy, Technical University of Denmark, 

Kongens Lyngby 2800, Denmark 
3 Kehua Hengsheng Co., Ltd. Xiamen, 361006, Fujian, China 

E-mail: qiongbinlin@fzu.edu.cn 

Abstract. In this paper, a model predictive current control (MPCC) strategy with a fixed 

switching frequency to control the dual boost bridgeless power factor corrected (PFC) 

converter is proposed. The improved MPCC strategy solves the problem of filter design and 

the high electromagnetic interference (EMI) which caused by the traditional MPCC. With the 

consideration of a nonlinear inductor, a formula is fitted to represent the change of the 

inductance, and the improved strategy has strong robustness. The simulation and experiment 

shows that the quality of current and power factor of the system is improved by the proposed 

control strategy.  

1.  Introduction 

With the development of renewable energy, many distributed energy sources such as Photovoltaic 

power system, fuel cells, etc. are used in the microgrid, which are connected to the microgrid network 

via electronic converters [1-2]. There are a lot of harmonic pollution due to the large use of electronic 

converters. Therefore, the dual boost bridgeless PFC converter is widely used in microgrid to solve the 

problem, which can ensure that the current quality of the equipment does not affected by the 

harmonics in the power grid. In this way, some precision equipment can work well, and the power 

factor increases, which reduces the reactive power loss and increases the energy utilization at the same 

time [3-4]. 

In recent years, MPCC strategy has been widely used in the controller design of power electronic 

equipment, which is based on the discrete system model and the switch state determines by the 

evaluation function [5-10]. MPCC is easy to be digitized and it can realize the trace of reference. 

However, because the switching frequency is not fixed, the harmonic and EMI of the circuit is higher, 

which also makes it difficult to design a suitable filter. Based on that, some researchers proposed a 

fixed-frequency of MPCC control strategy to solve the problem [11]. Since power electronic 

equipment often has some nonlinear factors, it is often ignored in the controller design resulting in the 

generation of harmonics. When many power electronic devices connected to the microgrid, the 

generated harmonics will cause equipment damage, increase the reactive power loss and produce 

energy waste. For the model predictive current control, without a good matching degree of the model 
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it will lead to the circuit ripple becoming larger [12]. Therefore, the parameter identification of the 

circuit, especially, the online identification of a nonlinear inductor in the circuit, is also an important 

research area of model prediction [13-14] to improve the effectiveness of MPCC.   

In this paper, an improved MPCC strategy is proposed to apply the bridgeless PFC circuit. 

Comparing with the traditional MPCC, the proposed MPCC has a fixed frequency of switch, which 
not only can reduce the harmonic of the current, but also reduce the EMI. In addition, in order to 

ensure good quality of current, the nonlinear problem of the inductor is also considered in this paper to 

reduce the prediction error because of the model’s low-degree matching. Finally, the simulation and 

experimental results show the effectiveness of the proposed method. 

2.  Operation of dual boost bridgeless PFC converter 

The dual boost bridgeless PFC converter is an improved topology of the boost converter, and the 

operation of converter is similar to the boost converter. The dual boost bridgeless PFC converter can 

work in four modes, and has strong advantages described as following: 

(1) Only one switch is involved in each loop, which reduces the conduction loss and there is no need 

for a drive isolation design; 

(2) The inductor has the characteristics of strong freewheeling capability and low current ripple; 

(3) The addition of two diodes can effectively reduce the common mode noise interference caused by 

the input and output. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 1. Operation principle of dual boost bridgeless boost PFC 

Mode 1: The input power ug is in the positive half cycle. With S1 turned on, the inductor current is 

increasing. According to the Kirchhoff theory, the equation of circuit can be expressed as (1). The 

loop is composed of L1, S1 and D3, and the output voltage is powered by Co. The equivalent circuit is 

shown in figure 1(a). 

 g

di
L u

dt


 
(1) 

Mode 2: The input power is in the positive half cycle. S1 turned off, and the input source and 

charged inductance power the load and capacitance. The equation of circuit is shown in (2). Current 

through L1, D1, R and D3 and the equivalent circuit is shown in figure 1(b). 



2019 International Conference on New Energy and Future Energy System

IOP Conf. Series: Earth and Environmental Science 354 (2019) 012118

IOP Publishing

doi:10.1088/1755-1315/354/1/012118

3

 

 

 

 

 

 

 g o

di
L u u

dt
   (2) 

Where uo is the voltage of output.
 

Mode 3: The input AC voltage source is in the negative half cycle. S2 turned on, the inductance 

current increased through L2, S2 and D4. The load is powered by Co. The equation of circuit is the same 

as equation (1), and its equivalent circuit is shown in figure 1(c). 

Mode 4: The input power is in the negative half cycle. S2 turned off, and the input source and 

charged inductance L2 power the load and capacitance. Current through L2, D2, R and D4. The 

equivalent circuit is shown in figure 1(d). 

3.  Optimal MPCC strategy for the dual boost bridgeless PFC converter 

The traditional model predictive control strategy predicts the current at next moment under the 

different switching state conditions; it compares the current i(k+1) with the reference value, and it 

selects the switch state with less error or using evaluation function, which is shown in figure 2 .The 

dual boost bridgeless PFC can be seen as a boost converter. 

During the switch state, when the switch is on, the inductor is powered by AC voltage source. The 

equation of MPCC is shown as equation (3). When the state of switch is off, the relation of current and 

voltage is as shown in equation (4), and the inductor is demagnetized during the period. Because the 

inductance is a variable, L is replace by l to represent the nonlinearity of inductor.  

 
gudi

dt l
   (3) 

 
g ou udi

dt l


  (4) 

If the switching frequency is high enough, the sampling period of the system is Ts, and the 

inductance current differential can be approximated as the following: 

 

( 1) ( )L L

s

i k i kdi

dt T

 


 

(5) 

Where Ts is the period of switch, iL is the inductor current.  

Based on that, the traditional MPCC strategy can be written as equation (6) and equation (7). 

 s( 1) ( )
g

L L

u
i k T i k

l
     (6) 

 s( 1) ( )
g o

L L

u u
i k T i k

l


     (7) 

 
Figure 2. Traditional MPC control of a dual boost bridgeless PFC. 

It can be observed that the model predictive control is a control strategy with an undefined 

frequency of the switching period. Therefore, the design of the filter is more difficult than other fixed-

frequency methods for MPCC. In the earliest basic circuit, the duty cycle is to output the input power 

hierarchically. By combining this idea with the MPC control theory, an optimized MPC control 
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strategy with a fixed switching period is proposed, the input power is divided into m parts. Each duty 

cycle corresponds to l/m of input voltage as shown in figure 3. 

 
Figure 3. Optimal MPCC control with fixed frequency. 

In the proposed MPCC control strategy, the period of control is a constant value. Under each 

control period, as equation (8) and equation (9) show, the MPCC algorithm predicts the current value 

at the next period, and using an evaluated formula to judge the state of switch in next control period, 

which is similar to the traditional MPCC algorithm. 

 s

( )
( 1) ( )

g

L L

D k u
i k T i k

l


        (8) 

 s

( ) ( )
( 1) ( )

g o

L L

D k u u
i k + T i k

l

 
    (9) 

An cost function is set as follow: 

 
2[ 1 ( 1)]ref LJ i k i k   （ ）    (10) 

However, it can be seen from the formula above that there is a requirement of a high accuracy for 

the inductor. The nonlinear inductance, which has always been a difficult problem in the design of a 

controller for converters, also causes the controller difficult in achieving a good performance as the 

expectation. For a given inductor coil, the shape and size of the coil, the wire diameter of the wire, the 

number of turns, and the core are all determined. The value of the inductance is only related to the 

magnetic permeability μ of the core. When the inductance has a nonlinear behavior, a distorted current 

waveform is produced which causes serious damage to the grid and device. Based on the experimental 

measurement data, a formula of inductance with the change of current can be fitted as equation (11). 

 20.0091 ( ) -0.4001 ( )+4.8904L Ll i k i k      (11) 

The comparison of the experiment data and the fitting curve is shown in figure 4. 

 
Figure 4. Comparison of experimental data and fitting curve. 

4.  Simulation and Experimental Test  

4.1.  Simulation 

In order to verify the correctness and feasibility of the proposed control strategy, a bridgeless PFC is 

built in Matlab software to simulate and compare the result of optimal MPCC with the traditional 

MPCC. A nonlinear bridgeless boost PFC is built according to the parameter set in table 1.  
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Table 1. Parameter of dual boost bridgeless PFC.  

Parameter value 

DC Voltage(V) 380 

AC Voltage(V) 220 

Frequency of control(Hz) 50000 

Rated power(W) 1000 

Inductor(mH) 4 

DC Filter Capacitance(μF) 1000 

The simulation results of traditional MPCC of the bridgeless boost PFC are shown in the figure 5, 

and the result of optimal MPCC is shown in figure 6, which proves the effectiveness of the proposed 

controller. The THD of traditional one is 3.38%, and the other one is 1.9%. The quality of current is 

improved. 

time:5ms/div

200

0

-200

8

4

0

iL1/A

uo/V

 

200

0

-200

8

4

0

time:5ms/div

iL1/A

uo/V

 

Figure 5.  Traditional MPCC simulation  Figure 6.  Improved MPCC simulation  

  

Figure 7. FFT analysis of traditional MPCC Figure 8.  FFT analysis of improved MPCC   

For the Fourier analysis of simulation, as shown in figure 7 and figure 8, it can be observed that the 

3th harmonic reduced from 1.8% to 1.4%, and the quality of current is improved in the proposed 

control strategy. 

4.2.  Experimental test 

In order to verify the correctness of the theoretical analysis, a prototype of 1000W bridgeless PFC was 

fabricated and controlled by the digital chip TMS320F28377D which is shown in figure 9.  
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Figure 9. Experiment Prototype 

Figure 10 shows the experimental waveforms of the output voltage uo and the current iL with the 

traditional MPCC strategy. The switching frequency is not fixed in a power frequency cycle. And, 

because there is no consideration of the inductor’s nonlinearity, a large ripple affects the current 

quality. 

  

Figure 10. Traditional MPC control of dual 

boost bridgeless PFC 

Figure 11. Optimal MPC control of dual boost 

bridgeless PFC 

Figure 11 shows the experimental waveforms of the output voltage uo and iL with the improved 

MPCC strategy. As it can be seen from the results of figure 10 and 11, the inductance current ripple is 

obviously reduced. Using the proposed MPCC, it realizes the fixed frequency. With the consideration 

of the nonlinear inductor, the waveform of its current is improved. 

 
Figure 12. Efficiency at different load 

The efficiency curve of the system is shown in figure 12. It can be seen the efficiency of the system 

shows a linear upward trend with the increase of power. The efficiency of the system is about 89% at a 

light load (100W). With the full load (1000W), the efficiency of system can reach 98%. 

5.  Conclusion  

In this paper, an improved MPCC strategy is proposed to control the bridgeless boost converter. 

Compared with the traditional MPCC, the optimal MPCC has a fixed switching frequency which 
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makes it easy to design the filter. With the consideration of a nonlinear inductor, the error of current 

prediction is reduced by combining a nonlinear fitting formula with the experimental data of a 

nonlinear inductance. The simulation result shows the THD of current reduces from 3.8% to 1.9%. 

The prototype of a 1000W dual boost bridgeless PFC was fabricated, and the quality of its current and 

the power factor can be improved with the proposed control strategy. 
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