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 Matrix converter (MC) is direct AC to AC converter built on bidirectional 

switches with more outstanding advantages compared to the indirect  

AC - DC-AC converter such as power exchange in two directions, allowing 

regenerative braking performance amount returned grid. However,  

the modulation method for Matrix converter has the disadvantage of low 

voltage transmission ratio, current at the input and output current, the voltage 

of converter has many high-order harmonic components. The paper presents 

the technique of directly modulating the space vector which will improve  

the quality of matrix converter such as input and output currents with  

sine form, power factor input is nearly 1 and can be adjusted. Also,  

build V/F control method for matrix converter to control three-phase 

alternating current induction motors. Research results are tested by  

Matlab & Simulink software. 
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1. INTRODUCTION  

The indirect converter (AC-DC-AC) is commonly used in practice today, with the advantages of: 

using a switch in one direction, simple modulation method, easy manufacture of inverter, low cost.  

However, they have a low power factor cosφ, causing high-order harmonics to the grid voltage; no sinusoidal 

input current; when working with the load regenerative braking, the energy dissipation on the braking resistor 

that cannot be returned to the grid, will waste energy. At the same time, the structure of the converter 

becomes bulky when there is a braking resistor and DC-link component, which requires a Clamp protection 

circuit [1-5].  

Matrix Converter is a direct converter which has many advantages over the indirect converter  

such as high performance, energy interchange in both directions, sinusoidal input current and output  

voltage [6-10]. Currently, MC is being researched on the fabrication technology of bidirectional switches 

(BDS) and methods of controlling switches. The main problem is that the modulation method in the MC is 

more complicated than the indirect converter due to the width of the square pulse when modulation depends 

only on the voltage value at the time of sampling signals, because of the input of converter is DC power but 

in MC the width of the square pulse when modulation depends on the value of AC voltage input at 

immediately [11-15]. 

Modulation methods for the MC converter must ensure that the two basic rules are observed: avoid 

short circuit at the converter input voltage source to avoid generating over current, and never interrupt  

the current source (load side) to avoid overvoltage on the switch. Currently, the modulation methods for MC 

such as 3M (min, medium, max), Venturini - Alesia are rarely used because they have complex calculation 

methods, which need more trigonometry calculations to create control signals. Input voltage values also need 
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measures and continuous updates that require high accuracy [16-20]. Figure 1 shows the diagram of matrix 

converter while the diagram of bidirectional switches is shown in Figure 2. 

 

 

 

 

 

 

 

Figure 1. Diagram of matrix converter 

 

Figure 2. Diagram of bidirectional switches 

 

 

The 3M method has a simple calculation but the effectiveness of this method depends on  

the accuracy of the value measured immediately, which makes it difficult for practical applications. Because 

these methods have many disadvantages, now scientists are continuing to research and develop  

the modulation space vector algorithm for matrix converter. 

The modulation space vector method (SVM) has an easy advantage of programming on 

microprocessors, requiring less computation, using a complex numbers calculator to represent the vector of 

all electrical quantities and the switching states on the diagram. This helps in obtaining general results for 

many cases [21-25]. 

SVM modulation rules are divided into 2 main methods: 

- Direct Space Vector Modulation (DSVM) 

- Indirect Space Vector Modulation (ISVM) 

The modulation method of DSVM does not need to separate the structure of the matrix converter 

into two parts: rectifier and inverter. Therefore, the calculation will be convenient and simple. 

 

 

2. DIRECT SPACE VECTOR MODULATION METHOD FOR MATRIX CONVERTER 

2.1. Identify space vectors 
The structure diagram of an MC is shown in Figure 1. In this scheme the output voltage is formed 

from the input voltage, the output current is determined by the load. The input current is calculated from  

the output current and its value will be minimal if the phase shift angle of the current compared to the voltage 

is zero. In vector space, a system of three phase output voltages is represented by a rotating vector on  

the coordinate system 0αβ [8]. 

 

   
 

 
      

   
      

   
       

 

If the system has the desired output voltage in three symmetrical phases, it is possible to represent 

them as follows: 

 

                
 

 
   

                
 

 
 

  

 
   

                
 

 
 

  

 
   

 

Here Uo, ωo is the amplitude and angular velocity value of the desired output voltage. The value of 

π/6 represents the phase shift angle between line voltage and phase voltage. 
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The output voltage vector is also presented as follows: 
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Similar to the voltage, the input current can be expressed as follows: 
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The modulation methods will be more convenient if the input line voltage vector is used as  

follows [9, 10]: 
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The control method of closing and opening the switch will generate the voltage, current and  

phase angle values as shown in Table 1. In the 27 states shown in Table 1, the states in the last six rows are 

rotating vectors, the voltage will not be used in space vector modulation techniques because there is no way  

to use them. 

 

 

Table 1. The value of the standard vectors corresponding to the output voltage and the input current 
N0 A B C uAB uBC uCA Uo θo ia ib ic Ii αi 

1+ A b b uab 0 -uab   √     π/6 iA -iA 0   √    -π/6 

1- B a a - uab 0 uab   √     -5π/6 -iA iA 0   √    5π/6 

2+ B c c ubc 0 -ubc   √     π/6 0 iA -iA   √    π/2 

2- C b b -ubc 0 ubc   √     -5π/6 0 -iA iA   √    -π/2 

3+ C a a uca 0 -uca   √     π/6 -iA 0 iA   √    -5π/6 

3- a c c -uca 0 uca   √     -5π/6 iA 0 -iA   √    π/6 

4+ b a b -uab uab 0   √     5π/6 iB -iB 0   √    -π/6 

4- a b a uab -uab 0   √     -π/6 -iB iB 0   √    5π/6 

5+ c b c -ubc ubc 0   √     5π/6 0 iB -iB   √    π/2 

5- b c b ubc -ubc 0   √     -π/6 0 -iB iB   √    -π/2 

6+ a c a -uca uca 0   √     5π/6 -iB 0 iB   √    -5π/6 

6- c a c uca -uca 0   √     -π/6 iB 0 -iB   √    π/6 

7+ b b a 0 -uab uab   √     -π/2 iC -iC 0   √    -π/6 

7- a a b 0 uab -uab   √     π/2 -iC iC 0   √    5π/6 

8+ c c b 0 -ubc ubc   √     -π/2 0 iC -iC   √    π/2 

8- b b c 0 ubc -ubc   √     π/2 0 -iC iC   √    -π/2 

9+ a a c 0 -uca uca   √     -π/2 -iC 0 iC   √    -5π/6 

9- c c a 0 uca -uca   √     π/2 iC 0 -iC   √    π/6 

0a a a a 0 0 0  -     - 

0b b b b 0 0 0  -     - 
0c c c c 0 0 0  -     - 

 a b c           

 b c a           
 c a b           

 a c b           

 b a c           
 c b a           

 

 

In the remaining 21 states in Table 1, the standard vectors determine the opening time of  

the switches in the branches of the matrix converter, thereby determining the angle of the rotating vector to 

calculate the output voltage. This is similar to the PWM modulation method but differs in the vector 

modulation method for MC when the amplitude of standard vectors changes over time. Based on the results 

in Table 1, space vectors are shown in Figure 3 and Figure 4. It indicates the corresponding switch 

combinations and divides the plane into six sectors [5]. 
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Figure 3. Input current vector 
 

Figure 4. Output voltage vector 

 
 

2.2. Calculation of signal modulation coefficients 

If an output voltage vector is in any position on the coordinate system 0αβ, we can calculate this 

vector from two standard boundary vectors. On Figures 3 and 4 vector u0 is in the first corner (I) and is 

defined by the formula u0 = u01 + u02. Easily calculate the length of voltage vectors according to  

the trigonometric calculation as follows: 
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Where ∆0 is the angle that determines the uo vector position in the coordinate plane.  

Each of these component vectors is defined by two vectors that have the same orientation as  

the standard boundary vectors. The choice of some standard input voltage vector will depend on the position 

of the input current vector. With an input current vector having any position in the coordinate plane and can 

be calculated by the formula ii = ii1 + ii2, where ii1, ii2 are two standard boundary vectors. Each of these 

component vectors is modulated by two currents in the same direction. 

By geometry calculations based on diagrams representing space vectors, there will be modulation 

coefficients d1, d2, d3, d4 as follows: 
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Modulation rules always guarantee expression: 

 

 |  |  |  |  |  |  |  |     (1) 

 

From expression (1) is derived the expression: 
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Expression (2) shows that the maximum voltage transmission value of MC in DSVM method is 

√3/2 = 0,866. This is the advantage of DSVM method compared to Venturini - Alesia and 3M method [3,4]. 
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The absolute value of modulation factor d1, d2, d3, d4 describes the present time of current vectors 

and voltage vectors used in sample cycle Ts. Table 2 lists the switch combinations and is chosen according to 

the position of the output voltage vector and the input current vector. The rule of modulation is that  

the vectors always ensure that only one double of BDS switches must close or open to reduce losses, when 

closing/opening, to the minimum level. 

 

 

Table 2. Switching sequence of switches 
Sector voltage and current 

Nv-Ni 

Combining current rectifier and inverter voltage circuit Switching sequence 

d4 d3 d2 d1 d0 

U1-I1 U4-I4 aca aba acc abb ccc d1-d3-d4-d2-d0-d2-d4-d3-d1 

U1-I2 U4-I5 bcb aca bcc acc bbb d3-d1-d2-d4-d0-d4-d2-d1-d3 
U1-I3 U4-I6 bab bcb baa bcc aaa d1-d3-d4-d2-d0-d2-d4-d3-d1 

U1-I4 U4-I1 cac bab caa baa ccc d3-d1-d2-d4-d0-d4-d2-d1-d3 

U1-I5 U4-I2 cbc cac cbb caa bbb d1-d3-d4-d2-d0-d2-d4-d3-d1 
U1-I6 U4-I3 aba cbc abb cbb aaa d3-d1-d2-d4-d0-d4-d2-d1-d3 

U2-I1 U5-I4 acc abb aac aab ccc d3-d1-d2-d4-d0-d4-d2-d1-d3 

U2-I2 U5-I5 bcc acc bbc aac bbb d1-d3-d4-d2-d0-d2-d4-d3-d1 
U2-I3 U5-I6 baa bcc bba bbc aaa d3-d1-d2-d4-d0-d4-d2-d1-d3 

U2-I4 U5-I1 caa baa cca bba ccc d1-d3-d4-d2-d0-d2-d4-d3-d1 

U2-I5 U5-I2 cbb caa ccb cca bbb d3-d1-d2-d4-d0-d4-d2-d1-d3 
U2-I6 U5-I3 abb cbb aab ccb aaa d1-d3-d4-d2-d0-d2-d4-d3-d1 

U3-I1 U6-I4 aac aab cac bab ccc d1-d3-d4-d2-d0-d2-d4-d3-d1 

U3-I2 U6-I5 bbc aac cbc cac bbb d3-d1-d2-d4-d0-d4-d2-d1-d3 
U3-I3 U6-I6 bba bbc aba cbc aaa d1-d3-d4-d2-d0-d2-d4-d3-d1 

U3-I4 U6-I1 cca bba aca aba ccc d3-d1-d2-d4-d0-d4-d2-d1-d3 

U4-I5 U6-I2 ccb cca bcb aca bbb d1-d3-d4-d2-d0-d2-d4-d3-d1 
U3-I6 U6-I3 aab ccb bab bcb aaa d3-d1-d2-d4-d0-d4-d2-d1-d3 

 

 

The working sequence of control pulses for 9 pairs of BDS switches is done according to  

the following principle. 

- If the sum of sectors current with the voltage sector is an even number, the switching sequence in the 

half-modulation cycle is: 

 

d1 → d3 →d4 →d2 → d0 →d2 → d4 →d3 →d1 

 

- If the sum of sectors current with the voltage sector is an odd number, the switching sequence in the 

half-modulation cycle is: 

 

d3 → d1 →d2 →d4 → d0 →d4 → d2 →d1 →d3 

 

 

3. SPEED CONTROLLER 

In this section, two types of controllers were used: 

- Open loop V/F control  

- Closed Loop V/F Control 

 

3.1. Open loop V/F control 

V/F is the most common speed control of an induction motor. The torque developed by  

the induction motor is directly proportional to the V/F ratio. The voltage and frequency will change, keeping 

their ratio constant, then the torque produced by induction motor will remain constant for all the speed  

range [11]. In addition, V/F is the simplest controller. It assumes a constant relation between voltage and 

frequency and it is normally used without speed feedback. 

The open loop V/F control of an induction motor is the most common method of speed control 

because of its simplicity and these types of motors are widely used in industry. This type of motor control has 

these advantages: low cost, simplicity and immunity to errors of feedback signals. Traditionally, induction 

motors have been used with open loop 50Hz power supplies for constant speed applications. For adjustable 

speed drive applications, frequency control is natural. However, voltage is required to be proportional  

to frequency so that the stator flux ψ remains constant. Block diagram of the open loop V/F control for an IM 

as shown in Figure 5. 
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3.2. Closed loop V/F control 

The basis of constant V/F speed control of induction motor is to apply a variable magnitude and 

variable frequency voltage to the motor as shown in Figure 6. Both the voltage source inverter and current 

source inverters are used in adjustable speed AC drives. The following block diagram shows the closed loop 

V/F control using a MC.  

The closed-loop method offers a more precise solution to controlling the speed than the open-loop 

method. Furthermore, the closed-loop technique controls the torque too. A major disadvantage of the open-

loop control method is that this technique does not control the torque, so the desired torque is only accessible 

at the nominal operating point. If the load torque changes, the speed of the motor will change [11, 12]. 

 

 

  
Figure 5. Open loop constant V/F speed control Figure 6. Closed-loop V/Hz constant control 

 

 

4. RESULTS AND ANALYSIS  

Use of Matlab & Simulink software to design switching algorithms for matrix converter. 

 

4.1. Matrix converter works with load R, L 

Input voltage of converter U = 220V), f = 50 (Hz), load R = 2 (Ω) and L = 10 (mH), output voltage 

frequency f1 = 25 (Hz). PWM sampling frequency fs = 5 (kHz). Simulation results from Figure 7 to  

Figure 11 show that input voltage and current coincide with phase angle, power transmission coefficient  

m = 1, input current is sinusoidal. 

 

 

  
 

Figure 7. Voltage and current at the input (f = 50hz) 
 

Figure 8. Voltage and current at the output (f = 25hz) 
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Figure 9. Total harmonic distortion of the input voltage 

(THD = 0%) 

 

Figure 10. Total harmonic distortion of the output 

voltage (THD=0,67%) 

 

 

 
 

Figure 11. Input voltage and current when using harmonic filter circuit (LC) 

 

 

4.2. Application of matrix converter to control AC motor according to V/f rule 

Parameter of induction motor: P=1,5(kW), U=220(V), f=50(hz), Rs=0,5968(Ω), n=1440(rpm), 

Ls=0,0003495(H), J=0,05(kg.m2). 

 

4.2.1. Control system has an open loop structure 

When the speed of the motor from 500(rpm) decreases to 200(rpm) at 0.4 seconds, the frequency 

and input voltage of the motor from f = 16.67(hz), V = 83,33(V) decreases to the value f = 6.667(hz) and 

V = 33,33(V), always ensure V/f = const. Figure 12 shows the diagram of closed loop control system. 

 

4.2.2. Control system has a closed loop structure 

Regulators for closed loop control circuit with PI structure: 

 

            
   

 

  

Simulation results from Figure 7 to Figure 11 show that input voltage and current coincide with 

phase angle, power transmission coefficient m = 1, input current is sinusoidal. When working with load R, L, 

the matrix converter does not cause a total harmonic distortion on the grid voltage (THDu% = 0%). 

The voltage and current output on the load are in the sinusoidal form, and has a low harmonic distortion 

output voltage (THDu% = 0.67%). In particular if the L, C harmonic filtering circuit is used at the inverter 

input, the total harmonic distortion current will decrease significantly. 

In open loop control systems as shown in Figure 13 to Figure 15, the speed of the induction motor 

always follows the setpoint and when the frequency changes, the motor speed changes and always ensures 

the ratio V/f = const. When the load torque changes, there is a difference between the set speed and the actual 

speed of the motor. In the closed loop control system as shown in Figure 16 to Figure 18, the output speed 

clings to the setpoint, when the load torque is available, it always ensures the motor speed follow 

the setpoint. 
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Figure 12. Diagram of closed loop control system 
 

 

  
 

Figure 13. Motor speed without load 
 

Figure 14. Motor speed with load torque 
 

 

  
 

Figure 15. Motor torque and load torque 
 

Figure 16. Motor speed without load 

in closed loop structure 
 

 

  
 

Figure 17. Motor speed with load torque 
 

Figure 18. Motor torque and load torque 
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5. CONCLUSION 

The theoretical analysis and the results obtained from the simulation on Matlab show that the matrix 

converter has more advantages than the present frequency converter in practice. The input current is 

sinusoidal, the current is almost standard sinusoidal. They can be controlled according to V/f rules like 

conventional inverters. The matrix converter is a switch matrix, and the switches have a unique 3x3 format. 

The method of direct vector space modulation is that in each cycle, it is necessary to determine the phase 

angle of the input voltage at the time of the source voltage through zero without considering the value of 

the instantaneous voltage. The output voltage is determined by the required frequency and the desired 

modulation factor. Thus, there will be a minimum number of steps to calculate the modulation factor, thereby 

making the anti-jamming ability good. 
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