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Abstract— Unity power factor is one of the most important agents 
in controlling the matrix converter. The application of predictive 
current control to improve the power factor is the main 
contribution of this paper. Also reduction of input current 
harmonics is another advantage of proposed technique. In this 
paper, Modification of Instantaneous Input Reactive Power 
Minimization Scheme (MIRPMS) for a direct matrix converter is 
proposed. Normally, a discrete-time model of matrix converter, 
input filter, and load parameters are used to predict the behavior 
of the input reactive power on the supply side and the output 
currents for each valid switching state. In this algorithm, input 
current equations which is used to predict the input current at next 
step is modified. This leads the selection of optimal cost functions 
with fewer errors. Theoretical analysis and simulation results are 
provided in order to validate the proposed control scheme. 

Keywords— AC–AC power conversion; Direct Matrix Converter; 
Model Predictive Control (MPC); Reactive Power Minimization.  

I. INTRODUCTION

 The three phase Direct Matrix Converter (DMC) is a single 
stage structure of bidirectional power semiconductors capable 
of feeding a three phase load from a three phase power supply, 
without using dc-link capacitor [1]. For this reason, it is an 
alternative that replaces the structure of rectifier-inverter (back-
to-back converter) and thus, is an attractive option, when size 
and weight are important and need to remove big energy storage 
elements such as dc-link capacitor. Furthermore, the DMC can 
generate load waveforms with variable magnitude and 
frequency [2]. Figure 1 represents power circuit of this 
converter with input filter and load model. 

One of the major problems in power converters, is obtaining 
a unity power factor and many studies have been discussed in 
this field. In past researches, the DMC uses Pulse Width 
Modulation (PWM) and Space Vector Modulation (SVM) 
techniques to achieve unity power factor [3-7], But these 
methods have some limitations in this field. Such problems are 
well treated using a relatively new control method namely 
model predictive control [8,9]. 

Predictive control is a relatively new control method for 
power converters that has been presented recently. With 
advancement of technology of the fast microprocessors 
available today, predictive control in power converters is a very 
powerful and attractive alternative to the classical controllers. 
Utilization of predictive control offers a number of advantages 
such as very intuitive approach, simple and understandable, 
ability to generalize to the multivariable without much changes, 
no need for linear controllers and modulators, easy inclusion of 
nonlinearities and restrictions, being open to modifications and 
etc. MPC uses an accurate model of the system that must be 
controlled, expressed in terms of space state equations, then an 
optimal switching state can be determined to achieve the best 
response relative to a control variable reference input [10-12]. 

Since matrix converters have a discrete nature, the 
application of predictive control constitutes a promising and 
better approach, in comparison with classical control schemes 
that uses mean values of the variables. 

Fig. 1. Direct matrix converter topology. 

MPC has recently been used as a method to control load 
current, and achieve other objectives to control the matrix 



converter, such as input power factor regulation and source 
current control, all in one strategy [13]. 

Over the last few years, several strategies have been 
presented to control power factor [14-16]. Unlike Previous 
control methods, MPC uses filter model in its equations and for 
this reason, it can control phase of source current. One of the 
strategies that have been used in this field is predictive control 
with instantaneous reactive power minimization which 
calculate reactive power and control the power factor. 
However, this strategy creates unity power factor but, causes 
increased ripple in source current. 

In this paper, predictive current control with MIRPMS of 
DMC, is explained to draw sinusoidal source currents and 
unitary power factor, even for an unbalanced voltage supply, 
and then avoiding its effects in load side. 

 The paper is organized as follows: Section II gives a brief 
review of the DMC and basic concepts. In section III the control 
scheme is explained with detail. Simulation results are 
commented the feasibility of the proposed method in section 
IV. Finally, in section V experimental results are added. 

II. POWER CIRCUIT OF DMC AND BASIC CONCEPTS 

The power circuit of three phase matrix converter (3×3), 
filter model and load model is presented in Figure 1. It uses a 
set of 9 bidirectional switches to directly connect the three-
phase power supply to a three-phase load. These switches have 
the ability to flow current in both directions and generate 27 
valid switching states [8]. 

The switching states can be classified into three groups [17]. 

 1- All three output phases are connected to the same input 
phases. Space vectors from this group of switching states have 
zero amplitude. 

2- Two output phases connected to a common input phase, 
and the third output phase connected to a different input phase. 
This group generates stationary space vectors with varying 
amplitude and fixed direction. 

3- Each output phase is connected to a different input phase. 
Space vectors have a constant amplitude, but its angle varies at 
the supply angular frequency. 

The DMC is connected to the source through the input filter 
L ,R  and C  which follows two main purposes: 

1- To avoid the short-circuit impedance of the power supply, 
due to the fast commutation of current i . 

2- To eliminate high-frequency harmonics in the input 
current is due to the switching operation of the converter and the 
inductive nature of the ac supply. 

Each bidirectional switch is associated with S  with            
∈ { . . }  and  ∈ { . . } . S = 1 implies that switch jk  

is closed, while S = 0 means that the switch is open. 

The feasible states are generated to avoid both open circuits 
on the load side and short circuits on the supply side. The 
switching function is defined as, 

( ) =
1 .       

0 .       
   ∈ { . . } . ∈ { . . }                 (1) 

The constraints can be expressed as, 

+ + = 1                ∈ { . . }                                      (2) 

According to the above equations and the valid switching 
states, the model of the DMC can be written as follows, 

= = ∙  

=  ∙                                                                                  (3) 

 

=  = ∙   

 =   ∙                                                                             (4) 

Where  is the direct instantaneous commutation 
matrix of DMC, defined as, 

=                                                                  (5) 

Consequently, using the valid switching states, the output 
voltages can be predicted using an appropriate algorithm from 
the input voltages as well as the input current. 

III. PREDICTIVE CURRENT CONTROL WITH MIRPMS OF DIRECT 
MATRIX CONVERTER 

A. system model 
In this part a mathematical model of the input filter and the 

load is used to calculate input current and output current in  
( + 1) sampling time. 

1) Filter model 

Mathematical model of input filter shown in Figure 1 can be 
expressed by the following equations, 

v ( ) =  i ( ) +  ( ) +  v ( )                                                  (6) 

i ( ) =  i + ( )                                                                         (7) 

Since the predictive controller is formulated in discrete 
time, it is necessary to derive a discrete time model for 
equations. The input side can be represented by a state space 
model as follows, 

̇ ( )
̈ ( )  =

( )
( ) + 

( )
( )                                                (8) 

Where, 

=  
0 1⁄

− 1⁄ − ⁄                                                              (9) 

And,  

 =  
0 −1⁄

1⁄ 0                                                                    (10) 



Assuming that  

( ) = ( T ) = ( )
( ) = ( T ) = ( )  T ≤ ≤ ( + 1)T            (11) 

The discrete-time state space model is derived from (8) 

( + 1) =  ( ) + ( )                                                     (12) 

Where, 

 =    And  =  ∫ ( )                             (13) 

A discrete-time model of input side for a sampling time T  
can be employed to estimate the future value of input current, 
considering the voltage and current measurements at the kth 
sampling time. Thus, the input current and capacitor voltage in 
k + 1 sampling time can be easily derived using, 

( + 1) = ( ) + ( ) + ( ) + ( ) (14) 
( + 1) = ( ) + ( ) + ( ) + ( ) (15) 

Note that (4) is used to calculate i  at each sampling time. 

2) Load model 

In this section, the goal is to determine the discrete time 
model of load current for all valid switching state. Load side 
can be expressed by the following equation, 

( ) =  ( ) − ( ) − ( )                                       (16) 

Where, R  is the load resistance and L  is the load 
inductance. This equation is a general model of load, because 
includes a wide range of inductive load, such as motors, and 
grid-connected converters. Approximated value, obtained for 
the output current is derived as follows, 

 ≈  ( ) ( )
                                                                     (17) 

Where T  is the sampling time. With replacement (16) in 
(17), the discrete-time output current can be obtained by, 

( + 1) =  1 −  ( ) +   ( ( ) − ( ))            (18) 

Where ( + 1)  is the predictive load current for + 1 
sampling time, when load voltage vector ( ) is determined 
to each 27 valid switching state with (3). 

B. Predictive current control with power factor 
modification 

Figure 2 illustrate the proposed control scheme. As shown 
in this figure, at each sampling time, the switching state , the 
load current , the capacitor voltage and the source voltage 

, are sampled, while in contrary to previous methods  is not 
sampled and is replaced by a signal in phase with the voltage 
source ( _ ). Then similar to previous methods a discrete time 
cost function is minimized. In this work the cost function is 
defined in two parts as bellow; 

The first part measures the error between the reference and 
the predicted load current response as follow: 

= | ∗ − | + ∗ −                                               (19) 

Where ∗  and ∗  are reference currents,  and  are 
predictive currents in αβ coordinate, respectively. 

 

 

 

 

 

 

 

 
Fig. 2. Block diagram of the control strategy. 

The second part of cost function related to control of input 
power factor. In this way, the input side objective can be 
obtained by minimizing the error between the input 
instantaneous reactive power reference ∗( + 1)  and its 
predicted value ( + 1)as follow: 

= ∗( + 1) − ( + 1)                                                              (20) 

In order to have a unity power factor on the input side, ∗ is 
adjusted to zero value ( ∗ = 0). The predicted instantaneous 
reactive power in ( + 1) sampling time can be calculated by 
the following equation, 

( + 1) =  ( + 1) . ( + 1)   

=  ( + 1). ( + 1) −  ( + 1). ( + 1)    (21) 

Where {}  corresponds to the imaginary part of the 
vectors and ( ) is the complex conjugate of ( ). Also , 

,  and  are the source voltage and current in αβ 
coordinate, respectively.  

Combining equations (19) and (20) into a single cost 
function as determined in (22), which is evaluated at each 
switching state, leads to: 

= +                                                                                (22) 

which,  is a weighting factor to control reactive power 
proportional beside output current control. This cost function is 
evaluated for 27 possible states of converter and then an 
appropriate switching state is set to the next time. According to 
the equation below The minimization of cost function gives the 
optimal switching state. 

( + 1) =  ( + 1) . = 1.2.3 … .9    (23) 

 The principal method for selecting the weighting factors is 
presented in [18]. 

It is clear, prediction source current ( + 1), is obtained 
from multiplication fixed values to input voltage ( ), current 
source ( ), voltage source ( ), and input current ( ). In 
(15), only input current ( ), is determined at each sampling 
time with (4) while other parameters directly are measured at  
sampling time. So, if drawn source current, have a high ripple, 
causes many changes in instantaneous reactive power value 
during the sampling time, which makes high reactive power 
ripple. On the other hand, the cost function  is affected from 
this changes, and the controller selects the cost function with 
higher error. It should be noted that, even with a smaller weight 
factor, this error is not well compensated, because in any case 
the cost function is fluctuating. However, considering 

 



different values of the cost function , power factor is close to 
unity. To fix this problem, a signal in phase with the voltage 
source should be produced. The magnitude of this signal is 
equal to the magnitude of measured source current and is in 
phase with source voltage. Then, this signal will be replaced 
instead of the sampled source current signal in the previous 
equations. so, (15) will be expressed in (24) as follow, 

( + 1) = ( ) + _ ( ) + ( ) + ( ) 

                                                                                                   (24) 

Which ( + 1) is the modified prediction input current 
and _ ( )   is  the generated reference signal, to modify the 
current waveform drawn from the source. 

Nevertheless, (21) that is related to the calculation of 
instantaneous reactive power, changes as follows, 

( + 1) =  ( + 1) . _ ( + 1)                          (25) 
 which initially, to achieve unity power factor, the cost 

function  is controlled; and because of selection more 
suitable switching state, less changes in switching is observed. 
Of course, this does not mean that no changes from one state to 
another is observed, but, it means that switching changes are 
made in a way that input current ripple are less than before.  

IV. SIMULATION RESULT 

In order to analyze the effectiveness of the proposed 
method, for each operation with/without MIRPMS, two 
different simulations were performed with the frequency of 
50Hz and 30Hz. In order to attain unity power factor, reference 
reactive power ∗ is set to zero and  is assumed to be constant. 
The simulation parameters are shown in Table I.  

First, the predictive current control scheme with 
instantaneous reactive power minimization in 50Hz is 
simulated. In this case, the weighting factor of cost function is 
considered = 0.0023. Figure 3(a) shows the simulation result 
for 7A and 50 Hz load current reference. In this figure the input 
current is in phase with the voltage, but, more distorted and 
presents poor behavior. Of course, this distortion is less than 
with that the reactive power is not controlled. 

Figure 4(a) shows result for predictive current control 
scheme with instantaneous reactive power minimization in 
30Hz. In this case, the input current waveform is more distorted 
with that the controller operates with 50Hz reference output 
current. 

TABLE I 
Simulation Parameters 

Description Variables Simulation values 

RMS Supply Phase Voltage  380(V) 

Frequency  50(Hz) 

Input Filter Resistance  0.5(Ω) 

Input Filter Inductance  0.4(mH) 

Input Filter Capacitor  21(μF) 

Load Resistance  10(Ω) 

Load Inductance  30(mH) 

Sample Time  20(μs) 

Weighting Factor  0.0023 

 

 

 

 

 

 

 

 

 
Fig. 3. Simulation result for 7A and 50 Hz load current reference a) input 

voltage and current. b) Reference and output currents. 

 

 

 

 

 

 

 
 

Fig. 4. Simulation result for 7A and 30 Hz load current reference a) input 
voltage and current. b) Reference and output currents. 

Figure 3(b) and 4(b) shows the behavior of the load current 
for 50Hz and 30Hz of reference current that presents a correct 
tracking of its reference. It can be observed that the output 
current control keeps its desirable performance while the input 
currents are distorted. In the second case, the reactive power 
minimization method has been modified and the simulation 
results for 50Hz and 30Hz load current reference are as follows. 
For better comparison, the weighting factor of cost function is 
considered = 0.0023. 

Figure 5(a) shows input voltage and current with 7A and 
50Hz reference. As shown in this figure with modification of 
reactive power minimization method, the input current behavior 
is improved. This current is correctly in phase with the input 
voltage and this strategy also ensures fewer harmonic 
component due to the sinusoidal reference _  which is used 
for calculate the prediction reactive power similar to (25). 

This modification is also used in case the output current 
reference is 30Hz and simulation results are shown in figure 
6(a). In comparison to figure 4(a) the quality improvement of 
source current is remarkable, because a significant reduction in 
distortion is apparent in figure 6(a). It should be noted that, 
current source waveform in figure 6(a) is more sinusoidal than 
figure 5(a) and harmonic distortions are further reduced. It can 
be said that, by modification of control algorithm, current 
control performance for lower output frequencies is better. It 
should be note that, like primary algorithm of predictive current 
control, the output current follow the reference accurately as 
indicated in figures 5(b) and 6(b). Actually, no difference is 
observed in terms of the output current behavior of tracking its 
reference. 

 

 

 



 

 

 

 

 

 

 
 

Fig. 5. Simulation result for 7A and 50 Hz load current reference after 
modification a) input voltage and current. b) Reference and output 
currents. 

 

 

 

 

 

 

 
Fig. 6. Simulation result for 7A and 30 Hz load current reference after 

modification a) input voltage and current. b) Reference and output 
currents. 

To comparison source current spectra, when the output 
frequency is set on 50Hz, the harmonic distortion of the source 
current for before/after modification are shown in figure 7. In 
source current spectra before modification, fifth and seventh 
harmonics are visible, while with modification they have been 
reduced partially. High-order harmonics have been also 
reduced. 

For output frequency 30 Hz, source current spectra shown 
in figure 8. Figure 8(a) is related to source current waveform in 
figure 3(a). As can be seen, source current has third, fifth and 
seventh harmonics in its spectra, while after modification 
according to the figure 7, when the output frequency is 50Hz, 
third harmonic is eliminated. 

As mentioned, modified algorithm performance at lower 
frequencies is improved. Comparing Figure 7(b) and 8(b), 
corroborated that, modified algorithm at 30Hz output frequency 
has a better harmonic mitigation on the input side. 

 

 

 

 

 

 

 

 
Fig. 7. Source current spectra for 50Hz output frequency a) before 

modification. b) after modification. 

 

 

 

 

 

 

 
Fig. 8. Source current spectra for 30Hz output frequency a) before 

modification. b) after modification. 
 

 

 

 

 

 

 

 

Fig. 9. Output current spectra a) before modification. b) after modification. 

Output current spectra for both 50Hz and 30Hz after 
modification are indicated in figure 9, which shows desirable 
performance of predictive output current control strategy. 

Figure 10 were taken using a 50Hz and 7A load current, 
where control strategy after/before modification has been 
considered.  In figure 10(a), without modification of control 
strategy, reactive power control is performed, but, the input 
currents are much distorted and the input power factor is not 
controlled. For this reason, the power factor mean value for the 
case before modification is approximately 0.91, while after 
modification this value is near unitary, figure 10(b). 

Figure 11 were taken using a 30Hz load current. The power 
factor mean value, when the output frequency of 30Hz is 
required, reduces to 0.85. With modifications in the input power 
factor and power control algorithm, even without changing the 
weighting factor, the power factor means value rises to 0.98 as 
shown in figure 11(b). As expected, the input current fulfils the 
condition of unitary power factor and presents a lower total 
harmonic distortion. 

 

 

 

 

 

 

 

 
Fig. 10. Power factor mean value a) before modification. b) after modification  

 

 

 

 

 

 



 

 

 

 

 

 

 
 

 

Fig. 11. Power factor mean value a) before modification. b) after modification  

V. EXPERIMENTAL RESULTS 

To validate the simulation results a laboratory DMC 
prototype with bidirectional IGBTs BUP314D is designed and 
built in Malayer University and part of the results have been 
added in order to verify the ability of the model to convert the 
three-phase input to the three-phase output in terms of 
magnitude and frequency. 

In this section the sampling time has been defined             
= 25  in the DSP TMSF28M35H52C control platform. 

The DMC implementation was developed based on the 
minimization described in (22), taking into consideration the 
delay time compensation. Figure 12 shows detailed 
experimental setup built in laboratory.  

Figures 13 and 14, respectively, show the output voltage of 
the matrix converter for output frequencies of 50Hz and 30 Hz, 
respectively. As shown in figure 13 the matrix converter has 
been able to convert the 380v, 50Hz three-phase input to 20V, 
50Hz, and in figure 14, both the magnitude and frequency have 
been converted to 20V, 30Hz. 

 It should be noted that work on experimental results 
continues. 

 

 

 

 

 

 

 

 

 

 

 
Fig. 12. Experimental setup. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. Output voltage of the matrix converter in 50Hz 

 

 

 

 

 

 

 

 
Fig. 14. Output voltage of the matrix converter in 30Hz 

VI. CONCLUSION 

In this paper, the modification of predictive current control 
method was performed to minimize the input reactive power of 
a DMC. According to the obtained simulation results, it can be 
said that with modification of this method, the drawn current 
from input source has less ripple. Also, it was shown that in 
lower output frequencies this current has less harmonic 
component. The results show that while this modification is 
done on the input side, the output was not affected and current 
tracks its reference well, which is one of the features of the 
predictive control method. By obtaining power factor values 
before and after modification, it was shown that the power 
factor improved significantly. The experimental results also 
show the ability of the model to convert the three-phase input 
to the three-phase output in terms of magnitude and frequency. 
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