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 To reduce the high harmonic components at the main power supply current 
and to improve the input voltage distortion for matrix converter, design of 
input filters characteristics for matrix converter system is very important. 
Also, the input filter can be applied to the near unity power factor operation 
at the input side. It can be used to improve the power quality of the input 
current. This paper represents a direct space vector modulation (SVM) 
method and introduces switching patterns for SVM method and then design 
of input filter to compensate the power factor is analyzed. Simulation results 
with inductive load (RL) and Permanent-magnet synchronous motor 
(PMSM) are shown to validate the effectiveness of the proposed method. 
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1. INTRODUCTION 

The MATRIX converter (MC) is a AC-AC power converter without energy storage devices that it 
can be fed a m-phase load from a n-phase source (n × m) [1]. The matrix converter was presented by Peter 
Wood in 1979. He was used a simple switching matrix topology. Later, Alesina and Venturiniused this 
topology to develop the first ac to ac forced commutated converter [2]. 

The first modulation for matrix converter [3] presented by Alesina and Venturini in the 1980 that it 
does not control harmonic and unbalanced voltages. Later, three other more modulation introduced that 
include as the Space Vector Modulation (SVM) [4]-[6], the Rectifier and Inverter Vector Modulation (RIV) 
[7], [8] and natural modulation [9]. These modulations can be produce sinusoidal output voltages, even when 
there are unbalanced voltages or harmonics in the main network.  

Almost, all of modulation strategies similar to multilevel converters can be applied for MC. In [10], 
Helle et al. have reviewed modulation strategies for MCs which have also proposed a double-sided SVM 
employing minimum line-to-line input voltages, or small vectors, to reduce switching losses (but at the 
expense of both input and output current waveform quality deterioration). 

At the same time, researches analyze effect of filters between input side of a power supply and a 
MC [11]-[13]. The input filter should provide the near unity power factor operation at the input side. It can be 
used to improve the power quality of the input current which has the sinusoidal waveforms with harmonic 
components and to reduce the input voltage distortion which supplies to MC module [13]. 

Permanent-magnet synchronous motors (PMSMs) have achieved popularity in variable-speed drives 
that can be used as wind generation systems, electric propulsion systems, paper and textile mills and etc [14]. 
The efficiency of PMSMs is higher than induction motor (IM) because PMSMs do not carry rotor currents. 
Moreover, eliminating copper in the rotor allows the design of machines with smaller rotor diameters, 
actually resulting in smaller machine size with higher power density and lower rotor inertia [15].  
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This paper introduces a direct SVM method which uses from displacement angle between input 
current and input voltage of MC module to control of load or motor. Firstly, the theoretical analysis is carried 
out with the DSVM method, and secondly, theoretical analysis of filteris presented and simulated to achieve 
the near unity power factor at the power source side. 

Simulation results on three phase inductive load and PMSM are shown to validate the theoretical 
analysis. 
 
 
2. DIRECT SVM METHOD FORMATRIX CONVERTER 

Three-phase matrix converter is shown in Figure 1 which has nine fully controlled bidirectional 
switches which directly connects the mains (input) phases to the load (output) phases. 

Matrix converters can be used for the problem of converting AC power from one frequency to 
another. In general, the desirable characteristics of MATRIX converter are [16]: 

- Sinusoidal input and output wave forms of Current and voltage with minimal higher order 
harmonics and no sub-harmonics. 

- Bidirectional energy flow capability. 
- Minimal energy storage requirements. 
- A controllable power factor. 

 

 
 

Figure 1. MATRIX converter schematic 
 
 

From Figure 1 it has been shown that the control of the MC involves 29 different switch states 
(SCs). However, the input side of MC must never be shorted because the MC is fed by voltage sources and as 
well as to the inductive nature of the load, the output of MC must not be open. Therefore, according to these 
two basic control principles, only 27 SCs are valid.In the other 6 SCs, the output phases have connected to 
the different input. In this model, the output voltage vector and input current vector have variable directions 
and cannot be usefully used. From 27 combinations, only 21 SCs can be useful to the modern control 
algorithms for MC such as Space Vector Modulation, DTC method and etc. These SCs are shown in Table 1 
that can be devised three group: group I (±1, ±2, …, ±9) includes the SCs which, two output phases have 
been connected to the same one of the other input phase; group II (0a, 0b, 0c) includes the SCs which, all 
output phases have been connected to a common input phase.  

The state switches of the MC can be represented by a transfer matrix that is called transfer matrix T 
which has the following form: 

 
( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )
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S t S t S t

T S t S t S t
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  (1) 

 
Due to survival of the instantaneous power in the MCs, voltages and currents in one side can be 

calculated the accordancewith voltages and currents in the other side, at any instant [17]. The MC is 
connected to the grid, therefore the input line-to-neutral voltages arespecified and the output currents are 
achieved from load; therefore, the output line to- neutral output voltages and the input currents are found as 
follows:  
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where TT is the transpose of the transfer matrix T. 

The input and output voltages can be converted to space phasor form as: 
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(3) 

 
where Vi and Vo are the magnitudes of the input and output voltage vectors, respectively, and αi and αoare the 
phase angles of the input and output voltage vectors, respectively. 

The input and output currents can also be written as follows: 
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whereIi and Io are the magnitudes of the input and output current vectors, respectively, and βiand βo are the 
phase angles of the input and output voltage vectors, respectively.  

For each SC, the based on voltage vector and input line current vector, can be calculated αi and βi 

(According toFigure 2). Then, SCs must be selected according to Table 1. 
 
 

 
Figure 2. MC vectors. (a) Output voltage vectors. (b) Input current vectors. 

 
 

3. MATRIX CONVERTER INPUT FILTER ANALYSIS 
Input filter is designed to filter the high harmonic components of the input current of matrix 

converter module. 
From Figure 3, following equations can be achieved. 
 

s
s i

di
v v L
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s fc ii i i   (7) 

 
The main power supply frequency will be taken as the basic frequency in above equation. For 

achieving the load control requirements and the unity power factor at the power source side as well must be 
design input filter of MC according to following equation: 
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Table 1. Possible switching configurations of MC 

 
 
 

Finally, power factor of the main power supply current (the MC input current) can be calculated by 
the equation 11. 

 

1
2

cos(tan ( ))
(1 )

s

s

CV
PF

LC I







 (11) 

 
According to equation 11, the input power factor depends on 3 criteria: L, C values of input filter 

and fundamental input current amplitude Is which depends on the output load conditions of MC. In order to 
improve power factor, the small L, C values design are used. However, with the small LC design, the main 
power supply current contains many higher harmonic components due to the well-known higher cut-off 

frequency ( 1 / (2 )cut offf LC  ). 

As a result, the space vector modulation (SVM) technique to guarantee the near unity power factor operation 
at the power supply side of MC. 
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Figure 3. Equivalent circuit of input filter of MATRIX converter 
 
 

4. SIMULATION RESULT 
The simulation has been on both 3-phase RL load and PMSM in The Environment of 

Matlab/simulink. The simulation parameters for RL load are listed in appendix A and parameters for PMSM 
are listed in appendix B. Figure 4 is shows the input/output waveforms of matrix converter with and without 
the input filter that is simulated for RL load.As can be easily seen, the unity power factor can be achieved in 
input of matrix converter by input filter. Also, the input current of matrix converter in the case without filter 
contains so many high harmonic components. The input filter can eliminate all these high harmonic 
components above the filter cut-off frequency. 

In this paper, the offline method is used to design the input filter of MC for anytime to correct the 
main input power factor and reduce harmonic components. Furthermore, the unity power factor at the input 
of MC can easily be achieved main power supply side. This offline method requires the fully understanding 
of input power factor, the output load power. The closed-loop compensation method can also be applied to 
the filter of MC with the online compensation angle.  

Figure 5 and Figure 6 are shows the input/output waveforms of matrix converterusing the SVM 
method without and with the input filter that is simulated for PMSM, respectively. The motor operates at 
rated speed and the load torque decreases as the down steps response. As can be easily seen, the main input 
power factor reduces quickly as the load torque decreases. 

 
 

 

 

 
 

Figure 4. Waveform of voltage and current of MATRIX converter fed RL load 
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Figure 5. Waveform of voltage and current of MATRIX converter fed PMSM without input filter 
 

 

 

 
 

 

5. CONCLUSION 
This paper represents a direct space vector modulation (SVM) method technique for matrix 

converter that feeds RL load or PMSM derives. Also, the input filter is applied to the near unity power factor 
operation at the input side. It is used to improve the power quality of the input current. Simulation results 
with inductive load (RL) and Permanent-magnet synchronous motor (PMSM) are shown to validate the 
effectiveness of the proposed method. 

 
 

APPANDIX A: 
Main power supply 220V/60Hz. Three-phase RL load 10Ω, 20mH 
 
 
APPANDIX B: 
Rated power: 380V/60Hz & Stator phase resistance (Rs): 2.875 Ω& Stator inductance [Ld, Lq]: [8.5e-3, 8.5e-
3] H 
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