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A Modulation Strategy for Improving Output  
Performance of Matrix Converter

Yaguang Ma, Xinghe Ma, Peiru Li, and Xin Ren

Abstract—Based on the traditional principle of two-line voltage 
synthesis, a modulation strategy is proposed to improve the output 
performance of matrix converter by changing the switching mode. 
According to the switching mode of the new strategy, under the 
premise that the input current and output voltage are sinusoidal, 
the modulation time of each switch of the matrix converter in one 
cycle is derived from the relationship between input and output 
current and voltage. Under the same conditions, the proposed 
modulation strategy is compared with the traditional two-line 
voltage synthesis strategy, and the corresponding simulation 
data and some experimental waveforms are given. Based on the 
research of MATLAB software simulation, the control strategy 
of the dSPACE hardware real-time simulation platform is 
experimentally studied. The simulation and experimental results 
verify the correctness of the modulation strategy.

Index Terms—Matrix converter, modulation strategy, output 
performance, voltage harmonics.  

I. Introduction

THE topology of the three-phase input to the three-phase  
output matrix converter (MC) is shown in Fig. 1. Three-

phase output can be connected to any phase input through 
nine bidirectional switches [1]-[3]. The desired three-phase 
output voltage and frequency can be obtained by controlling 
nine bidirectional switches with certain strategy [4], [5]. 
Compared with the traditional AC-AC converter, MC has 
many advantages, such as bidirectional energy transmission [6], 
sinusoidal input and output [7], adjustable power factor etc [8], 
[9]. According to the different control objectives, the modulation 
strategies of MC can be divided into current control method 
and voltage control method. Among them, the two-voltage 
synthesis method [10]-[13] and the space vector method [14], 
[15] are widely used for voltage control method. In two-line 
voltage modulation method, the power factor is larger when 
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two maximum input line voltages are used to synthesize output 
line voltages, but the harmonic content is larger [16], [17]. In 
addition, when the output voltage is low, due to the existence 
of a large number of narrow pulses, the harmonics in the output 
line voltage are greatly increased, and the waveform is severely 
distorted [18]. Aiming at the disadvantage of serious distortion 
of output voltage waveform at low voltage output, literature [19] 
uses two smaller input line voltages to synthesize the output 
voltage, and the low-voltage output performance is improved, 
but its maximum voltage gain is only 0.5. To overcome the 
shortcomings of traditional two-line voltage modulation 
strategy, this paper proposes a modulation strategy to improve 
the output performance of MC. The new strategy not only 
improves the output performance of the converter, but also 
achieves a maximum voltage gain of 0.866. Its main features 
are: in a sampling period, when the output voltage is high, the 
maximum output line voltage is formed by three input line 
voltage pulse waveform, and the other two-phase output line 
voltages are formed by non-maximum two-input line voltage 
pulse waves and zero voltage. Under the same conditions, the 
number of narrow pulses is less than that of the traditional two-
voltage synthesis modulation strategy. When the output voltage 
is low, the three-output line voltage is formed by the non-
maximum two-input line voltage pulse waves and zero voltage. 
Compared with the traditional two-line voltage synthesis 
modulation strategy, the number of narrow pulses is greatly 
reduced, the harmonic of output voltage is greatly suppressed, 
and the output performance of the converter is improved. 
The correctness of the new modulation strategy is verified by 
simulation and experiment.
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Fig. 1.  Topology of matrix converter.
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II. Principle of New Modulation Strategy

A. Proposal of New Modulation Strategy

For ease of analysis, the following equations and variables 
are defined:

Maximum, middle and minimum input phase voltage:

 
                                                           (1)

                                  

Corresponding input phase voltage emax, emid, emin, the  current 
is ii(max), ii(mid), ii(min).

Maximum, middle and minimum input line voltage:

(2)

                      

ebase is the phase voltage with the maximum absolute value 
in the input phase voltage.

Maximum, middle and minimum output phase voltage:

(3)
                              

v

v

v v v v

v v v

v v v

Corresponding output phase voltage vmax, vmid, vmin, the 
current is io(max), io(mid), io(min).

Maximum, middle and minimum output phase voltage:

(4)

                    

v v v

v v v v

v v v v

v v v v

v v v v

v

v

vbase is the phase voltage with the maximum absolute value 
in the output phase voltage.

The modulation time of 9 switches of matrix converter and 
the corresponding modulation coefficient should satisfy the 
following relationship:

                  
vS

(5)
                           

TS is the sampling period.
In order to facilitate the understanding of the principle and 

characteristics of the new modulation strategy, a comparative 
analysis is made with the traditional two-line voltage synthesis 
method. The output reference phase voltage and the input 
phase voltage are divided into sections as shown in Fig. 2. 
Taking ii(mid) < 0 , the input phase voltage and the output 
reference phase voltage are both in 2 sections as examples. In 
the traditional two-line voltage synthesis modulation strategy, 
the switching mode of synthesizing three output line voltage 
and the output line voltage waveform are shown in Fig. 3. As 
can be seen from Fig. 3, the maximum phase of the output 
phase voltage is always connected with the maximum phase 
of the input phase voltage during a sampling period, and the 
six switches connected with the other two phases are pulse 
width modulated. The large and medium phases of the output 
line voltage are synthesized by the large and medium phases 
of the input line voltage. Thus, there are two zero voltage 
and maximum input line voltage sections in the line voltage 
waveform, and there are larger harmonics, and only the small 
phases of the output voltage are synthesized by the medium 
and small phases of the input line voltage [20], [21]. In 
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Fig. 2.  The sector partition of output voltages.
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addition, when the output voltage is low, due to the existence 
of a large number of narrow pulses, the harmonics in the 
output line voltage are greatly increased, and the waveform is 
seriously distorted, which affects the output performance of 
matrix converter.

Fig. 4 shows the switching mode and output voltage wave-
form of the new modulation strategy. In a sampling period, 
the maximum value of reference output phase voltage is only 
connected with the maximum and middle value of input phase 
voltage, the minimum value of reference output phase voltage 
is only connected with the middle and minimum value of input 
voltage, and the middle value of reference output phase voltage 
is connected with the maximum, middle and minimum value 
of input phase voltage [22]. It can be seen that the maximum 
output line voltage is composed of three-input line voltage 
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Fig. 4.  Switching mode and output voltage waveform of the new modulation 
strategy. (a) Low voltage output. (b) High voltage output.

pulse wave at high output voltage, while the other two-phase 
output voltage is composed of non-maximum two-input 
line voltage pulse and zero-voltage[23]. Compared with the 
traditional two-voltage synthesis strategy, the output voltage 
harmonics strategy is reduced. When the output voltage is 
low, the three-output line voltage is composed of two non-
maximum input line voltage pulses and zero voltage. Under 
the same low-voltage output, the number of narrow pulses is 
greatly reduced compared with the traditional two-line voltage 
synthesis strategy, and the output performance of matrix 
converter is greatly improved.

B. Modulation Strategy Implementation

In order to simultaneously satisfy the sinusoidal input 
current and output voltage, the modulation time of each switch 
of matrix converter in a period can be obtained from the 
relationship between input current and output voltage. Taking 
the switching mode of Fig. 4(b) as an example, the modulation 
time of each switch of the matrix converter in one cycle is 
derived. From the switching mode of Fig. 4(b), the equation 
between three-phase input current and output current, output 
line voltage and input line voltage can be obtained as follows:

i

i(mid) o

o o

o

o o

i(min)

(6)

S

S

S

v

v

v
(7)

To ensure that the input current is a sinusoidal quantity, for-
mula (6) has:

i

i

(8)

According to formulas (8):

(9)
                                
Bringing the formula (9) into the third formula of the 

formula (7)

                             
Sv

                       (10)
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From equations (9) and (10):

                    Sv
                     (11)

According to formulas (8), (10), (11):

                                                     (12)

From the second formula of equations (12) and (7):

                       Sv
                      (13)

                  Sv
                 (14)

According to the switching mode diagram of Fig. 4(b), the
modulation time of three switches connected with the output 
maximum phase voltage can be obtained as follows:

           

S

S

mid

v

          (15)

The modulation time of the three switches connected to 
the output intermediate phase voltage is:

                  

Δ

Δ

S

S

S

v

v

                (16)

The modulation time of the three switches connected to 
the output minimum phase voltage is:

        S

Sv
   (17)

Similarly, the switching time of each switch of matrix 
converter can also be calculated according to the switching 
mode of Fig. 4(a), which is exactly the same as the switching 
mode of Fig. 4(b).

In the case of balanced input, because the maximum value 
of Δvmax is formula Vom, the maximum value of emax is Eim 
in formula e2

max + e2
mid + e2

min =  · E2
im, and the expression of 

Tua by equation (15) has

                    
Δv

               (18)

                               V                         (19)

It can be seen that the maximum voltage gain of the mo-
dulation strategy is / 2 . The adjustment range of power 
factor angle φ* is: -π/6 ≤ φ* 

≤ π/6.

III. Simulation and Experiment

To verify the feasibility and correctness of the proposed 
modulation strategy, a prototype experimental platform based 
on dSPACE as the main controller is designed. The dSPACE 
used in this experiment is a single processing system with 
DS1005 board as the core. The I/O boards are equipped with 
DS4002 (timing and digital I/O), DS5101 (digital waveform 
generator), DS2003 (A/D conversion) and DS2103 (D/A 
conversion). The characteristics and application of dSPACE 
real-time simulation platform are referred to references [24], 
[25]. Simulation and experimental parameters are shown in 
Table I.

In order to compare with the traditional two-line voltage 
synthesis modulation strategy, the data of the traditional two-
line voltage synthesis and the proposed new modulation 
strategy under the same simulation parameters are given, as 
shown in Table II. The number of narrow pulses in the table 
is the count value in 0.02 s. The simulation and experiment 
adopt three-step commutation based on output current, and 
the commutation is realized by staflow in MATLAB. The 
width of narrow pulses removed is 5 us. From the statistics 
in Table II, it can be seen that when the output voltage 
frequency is constant, the distortion rate and the number of 
narrow pulses of the new modulation strategy are obviously 
smaller than those of the traditional modulation strategy. 
Especially when the output voltage is low, the difference is 
obvious, which indicates the correctness of the theoretical 
analysis. It can be seen that the new modulation strategy 
reduces the harmonic of the output voltage and improves the 
output performance of the converter.

Fig. 5 show the experimental waveforms under traditional 
modulation strategies. Fig. 6 and Fig. 7 show the experi-
mental waveforms new modulation strategy when the desired 
output voltage amplitude is 70 V, 32 V, and the frequency is 80 Hz.

TABLE I
Simulation Parameters

Parameter Numerical value 

Input filter inductor 5 mH 
Filter capacitor 6 μF 
Damping resistance 15 Ω 
Three-phase symmetrical resistance load resistance  15 Ω Inductance 5 mH 
Valid value of input line voltage  120 V 
Fundamental frequency 50 Hz 
Sampling frequency 5 kHz 
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TABLE II
Modulation Strategy and Simulation Data

Modulation strategy and output frequency
 

Output phase voltage amplitude (32 V) Output phase voltage amplitude (70 V) 

Narrow 
pulse 

number
pulse 

number
 

Output line current 
Narrow 

Output line current 

Fundamental 
amplitude 

Distortion 
rate% (THD) 

Fundamental 
wave 

amplitude 

Distortion 
rate% (THD) 

Traditional modulation strategy

 320  2.055 6.29 260 4.594 6.25 
268  2.048 11.97 108 4.565 5.96 
340  2.041 10.43 270 4.535 3.14 
312  2.027 11.94 268 4.494 5.03 

New modulation strategy

 

65  2.063 4.88 30 4.570 2.21 
53  2.061 5.95 19 4.571 2.68 
68  2.050 4.5 30 4.532 1.91 

30 Hz 
50 Hz 
80 Hz 
100 Hz 

30 Hz 
50 Hz 
80 Hz 

100 Hz 62  2.038 3.55 28 4.491 3.19 
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Fig. 5.  Experimental waveforms under traditional modulation strategies (output 
phase voltage amplitude 70 V/80 Hz). (a) Three-phase output current. (b) 
u-phase input voltage and current. (c) Output line voltage PWM wave. (d) A 
output current spectrum (20 dB).
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Fig. 6.  Experimental waveform under new modulation strategy (output phase 
voltage amplitude 70 V/80 Hz). (a) Three-phase output current. (b) u-phase 
input voltage and current. (c) Output line voltage PWM wave. (d) A output 
current spectrum (20 dB).
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From the experimental waveforms of Figs. 5 and 6. Under 
the traditional modulation strategy, when the output voltage 
frequency is 80 Hz and the amplitude is 70 V, the THD value of 
the output current is 3.5%. Under the new modulation strategy, 
the THD value of the output current is 2.4%, it is lower than 
the THD measured under traditional modulation strategies, 
which is basically consistent with the simulation analysis. 
From the output line voltage PWM waveforms of Fig. 6(c) and 
Fig.7(c), it can be seen that when the reference output phase 
voltage amplitude is large, the maximum output line voltage 
phase is formed by three-input line voltage pulses, and no 
zero vector is used. When the reference output phase voltage 
amplitude is low, the three-output line voltages are formed by 
non-maximum two-input line voltage pulses and zero voltage. 
Consistent with the theoretical analysis mentioned above, the 
harmonic of output voltage is greatly suppressed.
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Fig. 7.  Experimental waveform under new modulation strategy (output phase 
voltage amplitude 32 V/80 Hz). (a) Three-phase output current. (b) u-phase 
input voltage and current. (c) Output line voltage PWM wave. (d) A output 
current spectrum (20 dB).
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Fig. 8.  Experimental waveform under new modulation strategy (output phase 
voltage amplitude 70 V, 30 Hz). (a) Three-phase output current (φ* = 0). (b) 
u-phase input voltage and current (φ* = 0). (c)Three-phase output current (φ* = 
π/6). (d)u-phase input voltage and current (φ* = π/6).

Fig. 8 shows the relevant experimental waveforms when the 
desired output voltage amplitude is 70 V/30 Hz and the input 
power factor angles φ* = 0 and φ* = π/6. From the input current 
and voltage waveforms in Fig. 8(b), it can be seen that due to 
the influence of the capacitance in the input filter, although the 
desired input power factor angle is φ* = 0, the input current lag 
voltage is about 24°. Fig. 8(d) is a waveform of input current 
and voltage at the expected input power factor angle of φ* = 
π/6. After offsetting the phase shift caused by the input filter, 
the phase difference of input current and voltage is about 6°. 

Fig. 9 is an experimental waveform of common-mode 
voltage at load neutral point of traditional two-line voltage 
and proposed modulation strategy when the expected output 
voltage is 32 V/30 Hz and the input power factor angle is φ* = 0.   
It can be seen from the waveform diagram that compared with 
the traditional two-line voltage strategy, the common mode 
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voltage of the proposed modulation strategy load neutral point 
is suppressed. The reason is that the zero vector used in the 
new modulation strategy is the intermediate phase of the input 
voltage, while the zero vector used in the traditional two-line 
voltage strategy is the maximum value of the input voltage.

IV. Conclusions

The simulation and experimental results show that the 
proposed modulation strategy improves the quality of 
output voltage under the same conditions compared with the 
traditional two-line voltage synthesis modulation strategy 
by changing the switching mode. Especially at low voltage 
output, the harmonic of output voltage is greatly suppressed, 
and the output performance of matrix converter is greatly 
improved. The zero vector used in the modulation process is 
the intermediate phase of input phase voltage, and the common 
mode voltage of load neutral point is suppressed. It can be 
seen that the new modulation strategy can achieve continuous 
control of high and low output voltage. While controlling the 
output voltage and input power factor, it reduces the output 
voltage harmonics and improves the output performance of 
matrix converter.
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