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Abstract— For matrix converter (MC), real-time correction of 

duty cycles is a good solution to eliminating the effects of input 

voltage disturbances on output performance. However, MC 

adopting this solution suffers from stability deterioration. The 

typical active stabilization method is based on modifying output 

voltage reference with the filtered input voltage. In this paper, its 

performance is evaluated under input voltage disturbances. It is 

found that this method will introduce extra low-frequency 

harmonics into output reference voltage, degrading the output 

quality. The reason lies in the inability of the adopted digital high-

pass filter to block the disturbances. To maintain good output 

performance, the improved active stabilization method is 

proposed, which utilizes resonant controllers to eliminate the extra 

low-frequency harmonics. The principle and the implementation 

of the improved method are presented. The consideration of input 

frequency variation and the influence on input power quality are 

also discussed. Experimental results have verified the correctness 

of the performance evaluation and effectiveness of the proposed 

improvement. 

 

Index Terms—Matrix Converter, Active Stabilization, Input 

Voltage Disturbances, Harmonics, Resonant Controller.  

I. INTRODUCTION 

Matrix converter (MC) can realize AC-AC power conversion 

in a single stage without large DC-link energy storage elements 

[1], as shown in Fig. 1. After four decades of continuous 

research [1]-[4], MC is finally reaching its commercialization. 

Yaskawa Electric Corporation has launched two series of MC 

products, U1000 and FSDrive-MX1S, which are aimed at low-

voltage (200-400 V) and medium-voltage (3.3-6.6 kV) 

applications separately. These products feature high efficiency, 

high power density, and power regeneration capability, 

verifying the advantages of MC over conventional AC-AC 

converters. 

Due to the direct coupling of input and output control, the 

MC output performance is sensitive to input voltage 

disturbances (e.g. unbalance and distortions) [5]-[7]. To prevent 

the disturbances from degrading output performance, 

instantaneous input voltage can be measured to correct the duty 

cycles in each sampling period [8]-[11]. This kind of control 

method is effective even under severely disturbed input voltage 

[11]. However, it could reduce the system stability, which has 

been widely proved in literature [12]-[16]. In [12], rigorous 

stability analysis was performed based on the variable state 

average model of the whole system, which showed that the 

maximum voltage transfer ratio of MC could not reach its 

intrinsic limit (i.e. 0.866) due to the stability issue. In [16], the 

stability analysis method based on impedance ratio criterion 

was presented. It is revealed that measuring input voltage 

deteriorates MC stability through introducing negative input 

impedances.  

For a practical MC, stabilization method is indispensable. 

Compared with the passive stabilization which parallels a 

damping resistor with the filter inductor [17], [18], modifying 

control algorithms to actively stabilize MC has the ability to 

work with a very weak source (e.g. a generator). Therefore, it 

has attracted attention from many researchers [11]-[13], [16], 

[19]-[22]. To date, the most comprehensive active stabilization 

method is the general constructive method proposed in [16]. 

This method modifies the output voltage reference in motoring 

mode and the input power factor angle in regenerating mode. 

The additional control signal mainly comes from the input 

voltage through a digital high-pass filter. This constructive 

method can reveal the essence of many other methods, 

including the ones presented in [12]-[13], [19]. In [11], [20]-

[22], the stabilization methods are based on directly modifying 
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Fig. 1  Schematic of the matrix converter (MC) system  

Manuscript received December 19, 2017; revised March 31, 2018, and May 
28, 2018; accepted June 7, 2018. This work was supported in part by the 

National Natural Science Foundation of China under Grant 51477030, in part 

by the Natural Science Foundation of Jiangsu Province for Youth, in part by 
the Fundamental Research Funds for Central Universities under Gran 

2242018K40074. (Corresponding Author: Shuang Feng) 

J. Lei, S. Feng, W. Cao, and J. Zhao are with the School of Electrical 
Engineering, Southeast University, Nanjing 210096, China (e-mail: 

jxlei@seu.edu.cn, sfeng@seu.edu.cn, caowu_ee@seu.edu.cn, 

jianfeng_zhao@seu.edu.cn) 
B. Zhou is with the Center for More Electric Aircraft Power System, College 

of Automation Engineering, Nanjing University of Aeronautics and 

Astronautics, Nanjing 211106, China (e-mail: zhoubo@nuaa.edu.cn) 

mailto:jxlei@seu.edu.cn
mailto:sfeng@seu.edu.cn
mailto:caowu_ee@seu.edu.cn
mailto:jianfeng_zhao@seu.edu.cn
mailto:zhoubo@nuaa.edu.cn


2168-6777 (c) 2018 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/JESTPE.2018.2848270, IEEE Journal
of Emerging and Selected Topics in Power Electronics

JOURNAL OF EMERGING AND SELECTED TOPICS IN POWER ELECTRONICS 

the input modulation signals, but they are also equivalent to 

modifying the output voltage reference [21]. In [11] and [20], 

the additional control signals are derived from the filtered input 

voltage in stationary frame, while in [21] and [22] they come 

from the source current derivative.  

The object of active stabilization methods is to address the 

stability issue of real-time duty cycle correction, while the 

correction is to eliminate the effects of input voltage 

disturbances. However, the performance of active stabilization 

methods under input voltage disturbances has rarely been 

studied in literature, which is the motivation of this paper. 

Contributions of this paper are twofold. First, the 

performance of the traditional active stabilization method is 

evaluated quantitatively, considering input voltage unbalance 

and distortions. The analysis result shows that it deteriorates 

output power quality by generating low-frequency harmonics in 

the additional output voltage reference. Second, an improved 

method is proposed. Resonant controllers are utilized to 

eliminate the extra low-frequency harmonics, so as to maintain 

good output power quality without degrading the stability 

performance. Discretization of the improved method, 

consideration of input frequency variation and the influence on 

input power quality are presented.  

The rest of this paper is organized as follows. Section II 

presents the performance evaluation of the traditional active 

stabilization method. Section III introduces the principle and 

implementation of the improved method in detail. Section IV 

shows the experimental verification. Section V draws the 

conclusion. 

II. PERFORMANCE EVALUATION OF THE TRADITIONAL ACTIVE 

STABILIZATION METHOD  

A. Control Block Diagram 

The typical active stabilization method based on input 

voltage filtering is the general constructive approach proposed 

in [16]. Hence, this method is taken as an example in this paper. 

Nevertheless, the presented evaluation and improvement are 

also applicable to other methods based on input voltage filtering. 

The control block diagram of MC with this method is shown in 

Fig. 2. As it is shown, this method realizes a virtual damping 

resistor Rvd at the input side of MC.  

In the motoring mode, the reference amplitude uom
* of output 

voltage is modified with an additional control signal uom
* 

generated from the instantaneous amplitude uim of input voltage. 

The input current phase angle ii is set the same as the input 

voltage phase angle iu, to obtain unit power factor operation. 

Together with uim, ii and the output voltage phase angle ou, the 

modified reference value uom
** is used to generate the PWM 

signals based on a linear modulation algorithm [3], [23], [24], 

e.g. the space vector modulation [25]. 

According to [16], the additional output voltage reference 

uom
* is obtained through a digital high-pass filter G(s): 

        * h h

om im im

h 1

K T s
u s u s G s u s

T s
  


 (1) 

where Kh and Th are the passband gain and time constant of G(s), 

respectively. In some literature, the stabilization method is 

realized based on filtering the input voltage with a low-pass 

filter. However, this realization is intrinsically equivalent to 

modifying the output voltage reference with filtered input 

voltage [16], where the filter is a high-pass type. Therefore, the 

stabilization method presented in Fig. 2 has generality and this 

paper selects it to present the performance evaluation and 

improvement. 

According to the deduction in [16], the virtual damping 

resistor Rvd could be expressed as 

  
 

im im h
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om om h h
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    (2) 

where Uim and Iom are the steady-state amplitudes of input 

voltage and output current, respectively. The larger the values 

of Kh and Th are, the smaller the damping resistor Rvd is, and the 

more stable the system is. In practice, Th could be selected as a 

value that the resonant frequency is within the passband of G(s), 

while Kh could be adjusted to stabilize MC. 

The modified reference amplitude of output voltage is 

 
** * *

om om omu u u   (3) 

Supposing the operation of MC is ideal, the actual output 

voltage amplitude uom is equal to the modified reference uom
**. 

As a result, uom also contains a variation equal to uom
*. 

Furthermore, the output current amplitude will be influenced by 

uom
*, and the approximate expression of its variation could be 

deduced according to the output circuit: 
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 (4) 

Therefore, only when the low-frequency components in 

uom
* are zero, no extra low-frequency harmonics will be 

transferred to the actual output voltage and further to the output 

current. In previous research, this condition is met by assuming 

the supply is ideally sinusoidal and balanced. However, the 

actual supply could hardly be ideal and thus uom
* cannot be 

considered as zero in practice, which will be analyzed in the 

next part in detail.  

In the reverse (regenerating) mode, it is the input current 

phase angle rather than the reference amplitude of output 

voltage that needs to be modified [16], namely uom
* maintains 

zero in this mode. This means that the actual output voltage 

amplitude could always reach its primary reference uom
*. The 

active stabilization method has no extra effect on the output 

performance in this mode. Therefore, only the motoring mode 
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Fig. 2  Control block diagram of matrix converter with the traditional active 

stabilization method [16].  
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is considered in this paper. 

B. Harmonics in The Additional Control Signal uom
* 

In practice, the source of MC is usually the utility grid. 

Harmonic distortions are the most common grid voltage 

disturbance, which is caused by non-linear load. Besides, the 

grid voltage may also be unbalanced due to the single-phase 

load. In this paper, the disturbed input voltage is assumed to 

contain fundamental negative-sequence component and (6n±

1)th harmonics with n=1,2,3,et al, in addition to the fundamental 

positive-sequence component. The (6n+1)th harmonic is usually 

positive-sequence, while the (6n-1)th harmonic is negative-

sequence. Therefore, the disturbed input voltage can generally 

be expressed in the form of space vector Fourier series: 
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where i is the input frequency; uim(6n+1)+ and uim(6n-1)- are the 

complex amplitudes of (6n+1)th and (6n-1)th harmonics, 

respectively. The fundamental positive and negative-sequence 

components are also included in (5) with n=0. 

The instantaneous amplitude uim of input voltage is 

calculated with 

 2 2 c

im iα iβ i iu u u   u u  (6) 

Substituting (5) into (6) could obtain precise but very 

complicated expression of uim, and thus is not intuitive. 

However, (5) and (6) are enough to prove that uim is not a 

constant value but contains harmonics when input voltage is 

unbalanced and distorted. By qualitatively calculating, it is 

found that uim mainly contains the harmonic at the frequency of 

2i caused by the input voltage unbalance, and harmonics at the 

frequencies of 6ni (n=1,2,3, et al) caused by the input voltage 

distortions. Therefore, uim can also be expressed in the form of 

Fourier series: 

  im im0 im i

2,6,12,

cosm

m

u U U m t


    (7) 

where Uim0 is the DC component of uim; Uimm is the amplitude 

of the harmonic component at the frequency of mi with m=2, 

6, 12, et al. For simplicity, the harmonics’ phase angles are not 

included in (7) since they have no influence on the following 

study.  

By substituting (7) into (1), the additional control signal 

uom
* is also expressed in the form of Fourier series: 

     *

om i im i i

2,6,12,

cosm

m

u G jm U m t G jm  


    (8) 

where |G(jmi)| is the magnitude of G(s) at the frequency of 

mi. The DC component in uom
* is zero because G(s) is a 

typical high-pass filter. However, harmonics in uim are more or 

less transferred to uom
*, depending on the value of |G(jmi)|. 

Equation (8) shows that |G(jmi)| reflects the ability of the 

input voltage disturbances to deteriorate output power quality. 

The larger |G(jmi)| is, the more harmonics uom
* will contain. 

The magnitude-frequency plots of G(s) with different values of 

Kh and Th are illustrated in Fig. 3. From (8) and Fig. 3, it can be 

found that: 

1) |G(jmi)| is almost at the same order of magnitude of the 

passband gain Kh. The value of Kh is usually a few tenths, 

which means the disturbances could easily be transferred 

to uom
* with very small attenuation. 

2) The larger Kh and Th are, the larger |G(jmi)| for each m is. 

Therefore, if Kh and Th are increased to enhance the 

stability margin, the output power quality will be 

worsened by the input voltage disturbances.  

An example is shown in Fig. 4. The three-phase input voltage 

is 150V/50Hz (L-L RMS), with fundamental negative-

sequence component and 5th, 7th, 11th, 13th, 17th and 19th 

harmonics, of which the content is 2% for each. Under such 

input voltage disturbances, the generated additional output 

voltage reference uom
* has very large ripples. If this additional 

control signal is injected into the output reference voltage, the 

output power quality will surely be degraded. 
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Fig. 3  Magnitude-frequency response of the digital high-pass filter G(s) with 

different values of passband gain Kh and time constant Th.  
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Fig. 4  Examples of the generated additional control signal uom
* with the 

traditional and improved active stabilization methods. The input voltage 

contains fundamental negative-sequence component and 5th, 7th, 11th, 13th, 17th, 
and 19th harmonics, of which the content is 2% for each. 



2168-6777 (c) 2018 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/JESTPE.2018.2848270, IEEE Journal
of Emerging and Selected Topics in Power Electronics

JOURNAL OF EMERGING AND SELECTED TOPICS IN POWER ELECTRONICS 

III. IMPROVED ACTIVE STABILIZATION METHOD 

A. Principle 

As analyzed in Section II, the non-zero |G(jmi)| leads to the 

input voltage disturbances being transferred into the additional 

control signal with limited attenuation, degrading output power 

quality. This also inspires an improvement to the active 

stabilization method: if the magnitude of the digital high-pass 

filter at the frequency of mi is zero, the generated uom
* won’t 

contain any harmonic even if the input voltage is disturbed. 

Therefore, an improved active stabilization method is proposed, 

of which the principle is shown in Fig. 5. 

In the improved method, closed-loop control is applied to the 

output signal uom
* of G(s). A controller F(s) is incorporated 

into the feedback path. The closed-loop transfer function H(s) 

is obtained from Fig. 5 and is expressed as 

  
 

   1

G s
H s

G s F s



 (9) 

It can be found from (9) that, with the improved method, the 

transfer function from uim to uom
* has been changed. Therefore, 

it is possible to reshape the frequency response of the transfer 

function to reach the control goal. In this paper, the control goal 

of the improved method is that the low frequency harmonics in 

the additional control signal uom
* are eliminated without 

degrading the stability performance. To reach this goal, the 

feedback controller F(s) should satisfy the following two basic 

conditions: 

1) The gain of F(s) at the frequency of mi should be infinite. 

If this condition is met, H(jmi) will be zero, since F(s) is 

at the denominator of H(s). As a result, the harmonics at 

the frequency of mi in uim will be prevented by H(s) from 

transferring into uom
*. 

2) The gain of F(s) around the resonant frequency of the 

input LC filter should be as small as possible. Under this 

condition, the gain of H(s) around the filter resonant 

frequency will be equal to that of G(s). Therefore, the 

damping performance of the improved method will not be 

degraded, according to (2). 

To meet these two basic conditions, constructing the 

feedback controller F(s) based on resonant controller (RC) is 

the simplest approach. Nevertheless, there are various types of 

RC whose performance differs quite a lot from each other. 

Inspired by literature, three typical types of RCs can be used to 

construct F(s), which are shown in (10)-(12) separately: 
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Namely, F1(s), F2(s), and F3(s) are all composed of multi RCs. 

The denominators of the RCs in (10)-(12) have the same 

expression of s2+(mi)2, representing each RC have the poles 

of ±jmi. However, the RCs’ numerators in (10)-(12) are 

different. For F1(s), the numerator of each RC is a static gain Kr. 

F2(s) has an extra first-order differential term at the numerator 

in addition to the static gain, while F3(s) has a first-order lead 

compensator with the time constant Th. It should be noted that 

F2(s) is based on the most widely used RC in literature, but it is 

not the optimal solution in this paper as discussed below. 

Since F1(s), F2(s), and F3(s) all have the poles ±jmi, their 

gains at the frequency of mi are all infinite and the gains at the 

other frequencies are small, which is the commonality of any 

type of RC. Therefore, by selecting appropriate numbers of RCs, 

the above two basic conditions can be easily met by F1(s), F2(s), 

and F3(s). This means that, theoretically, any one of the three 

controllers can be used to eliminate the low frequency 

harmonics in uom
* without degrading the stability performance. 

However, their practical performance varies significantly. 

The frequency responses of H(s) with F1(s), F2(s), and F3(s) as 

the feedback controller are shown in Fig. 6, where only four 

RCs are adopted. It can be found from Fig. 6 that, although F1(s), 

F2(s), and F3(s) all can reduce the gains of H(s) at the frequency 

of mi to zero, F1(s) and F2(s) generate undesired resonant 

peaks around the frequency of mi. The undesired peaks are 

larger than the gains of G(s), which means the improved method 

could probably generate more low frequency harmonics in 

uom
* than the traditional method, if the actual input frequency 

has a very small variation from the fixed value of i. In practice, 

the utility grid usually has the frequency variation up to 0.2Hz. 

Therefore, such undesired peaks are not acceptable. On the 

contrary, H(s) with F3(s) has no resonant peaks and its gain is 

no larger than G(s). This means that, H(s) with F3(s) won’t 

generated more harmonics at the other frequency than G(s) 

when eliminating the harmonics at the frequency of mi. 

Besides, the magnitude and of H(s) with F3(s) in the higher 

uom
*uim   h h

h 1

K T s
G s

T s




F(s)
 

Fig. 5  Generation of additional control signal uom
* in the improved active 

stabilization method, where closed-loop control is applied with a controller F(s) 

incorporated on the feedback path.  
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Fig. 6  Frequency responses of the closed-loop transfer function H(s) with 
different feedback controllers, as well as the open-loop transfer function G(s) 

for comparison. Four resonant controllers are adopted with m=2, 6, 12, 18. 
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frequency range is quite close to G(s). If the resonant frequency 

of the input LC filter falls into this range, the stability 

performance of the improved method won’t be degraded. From 

this point of view, the RC expression used in F3(s) is the optimal 

one for the case in this paper. 

Such a phenomenon is not unique for the issue studied in this 

paper. For the general inverter system where the plant is the 

typical R-L model, the most widely used RC could generate 

undesired peaks at the immediate vicinity of its central 

frequency. It has been revealed that an advanced RC, termed as 

vector-proportional-integral (VPI) in literature, could 

effectively suppress the undesired peaks. As presented in [26] 

and [27], VPI has a first-order lead compensator in addition to 

the first-order differential term at the numerator. The 

compensator in VPI is used to cancel the loop delay caused by 

the plant, so as to remove the undesired peaks. The idea of the 

RC used in F3(s) just comes from VPI, and their principles are 

the same. Yet, the expression of the adopted RC in this paper 

still differs with the traditional VPI. As shown in Fig. 5, the 

plant studied in this paper is a high-pass filter G(s) rather than 

the traditional low-pass filter (R-L plant). Since G(s) has a 

derivative term at its numerator, the derivative term at the 

numerator of VPI should be removed. Otherwise, the phase 

angle of the open-loop transfer function will approach 180°, 

degrading the stability margin. 

Because F3(s) doesn’t generate any undesired peak, it is 

adopted as the feedback controller in the improved method. 

With the improved method, the obtained additional control 

signal uom
* under the same input voltage condition is also 

shown in Fig. 4. It is clear that the newly obtained uom
* at 

steady-state is perfectly zero. Injecting such a signal into the 

reference amplitude of output voltage won’t introduce any extra 

low-frequency harmonic into output voltage or current. 

B. Discretization 

In practice, the method has to be implemented in a digital 

signal processor, resulting in the need for controller 

discretization. According to [27], the performance of a 

controller involving RC is sensitive to the discretization method. 

If suitable discretization method is applied, the sampling 

frequency hardly affects the RC’s performance, even if the 

central frequency of each RC is relatively high.  On the contrary, 

inappropriate discretization will lead to deviation of the poles 

and zeros of discretized controller from the expected ones, 

steady-state error and even instability issue. 

One way to implement the proposed method is directly 

discretizing the closed-loop transfer function H(s). However, 

the expression of H(s) is quite complicated considering the 

adoption of multi-RCs. As a result, the accurate discretization 

of H(s) is rather difficult to achieve.  

Instead, this paper provides a more flexible approach, which 

discretizes the forward controller G(s) and feedback controller 

F(s) separately, as shown in Fig. 7. This introduces one 

sampling period delay at the feedback path, resulting from the 

separate implementation of the two controllers. The one 

sampling delay could be approximated by a first-order low-pass 

filter in continuous domain: 

 1

s

1

1
z
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 (13) 

where Ts is the sampling time. The delay generates extra phase 

lag especially in high frequency range, which could also 

degrade the control performance. To compensate its effect, 

another zero with the time constant Ts is included in each RC. 

The modified expression of F(s) in continuous domain is 
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The discretization of both G(s) and the modified F(s) is based 

on the first-order hold method, which performs satisfactorily in 

term of magnitude-frequency response, stability, delay 

compensation accuracy [27]. Yet, some other discretization 

methods could also perform satisfactorily, only if the 

discretized controller has the same frequency response with the 

continuous controller. The discretized closed-loop transfer 

function is obtained from Fig. 7: 
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 (15) 

The frequency response of H(z) is also shown in Fig. 8. It can 

be found that the frequency response of H(z) is almost the same 

as the continuous transfer function H(s). Therefore, the 

discretized method performs as expected in the digital signal 

processor. 

C. Input Frequency Variation 

In practice, the input frequency of MC connected to the 

utility grid is not constant, but always fluctuates around its 

nominal value (e.g. 50Hz in this paper). Since the RC could 

only provide infinite gain at its central frequency, the input 

frequency variation degrades the RC control accuracy. To 

accurately suppress the influence of the input voltage 

disturbances, the real-time input frequency could be detected 

through a phase-lock-loop algorithm, and then be used to 

G(z)

z-1F(z)

uim uom
*

 

Fig. 7  Discretization of the improved method.  
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Fig. 8  Frequency response of the discretized closed-loop transfer function H(z), 

as well as the continuous expression H(s) and open-loop transfer function G(s) 
for comparison. Four resonant controllers are adopted with m=2, 6, 12, 18. The 

shadowed areas indicate the magnitude of H(z) when the actual input frequency 

fi varies within [49.8, 50.2] Hz.  
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correct the central frequency of RC. However, this procedure 

significantly increases the computation burden. 

In this paper, the central frequency of each RC is fixed at 

2mfi where fi is a constant value·50 Hz, so as to simplify the 

implementation of the proposed method. According to the IEEE 

standard [28], the normal frequency variation of utility grid is 

smaller than 0.1 Hz. Considering a weak grid, the frequency 

variation may be larger (e.g. 0.2Hz). In this paper, the actual 

input frequency is assumed to vary within [49.8, 50.2] Hz. The 

shadowed areas in Fig. 8 illustrate the magnitude of H(z) at the 

frequency of mi considering the frequency variation. It shows 

that the concerned magnitude of H(z) is still considerably 

smaller than G(s), demonstrating the improved method could 

well adapt to input frequency variation. 

D. Influence on the Input Power Quality 

Due to the input and output coupling of MC, the input power 

quality could be influenced by the improved method because it 

changes the converter’s output performance. The influence has 

two sides. On one hand, since the improved method reduces the 

low-frequency harmonics, the harmonics transferred to the 

input are also reduced, which helps to enhance the input power 

quality. On the other hand, the improved method could also 

increase the input harmonics, which is analyzed below. 

In essence, active stabilization method stabilizes MC by 

providing positive damping to the oscillations at the resonant 

frequency of input LC filter. As shown by (2) and Fig. 3, the 

virtual damping resistor Rvd in traditional method is a finite 

value at the frequency of mi. Therefore, the traditional method 

could also provide positive damping to the harmonics at the 

frequency of mi, benefitting the enhancement of input power 

quality.  

Nevertheless, with the improved method, the virtual damping 

resistor Rvd is expressed as 

  
 

im

vd

om

U
R s

I H s
  (16) 

Since H(s) is zero at the frequency of mi and it is placed at the 

denominator, Rvd in the improved method is infinite at the 

frequency of mi. As a result, the improved method cannot 

provide any damping to the harmonics at the frequency of mi. 

From this point of view, the improved method might perform 

worse than the traditional method in term of input power quality.  

E. Influence on the Stability Performance 

With the proposed improvement incorporated into the 

stabilization method, the stability performance could be 

affected. As shown in Fig. 8, with the proposed improvement, 

the magnitudes of the closed-loop controller H(s) around 

central frequencies of the four RCs are very small or even zero. 

If the resonant frequency of the input LC filter falls into the 

frequency range in which the magnitude of H(s) is smaller than 

G(s), the stability performance of the stabilization method will 

be degraded. In the extreme case where the resonant frequency 

is exactly equal to the central frequency of one RC, the 

stabilization method with the proposed improvement doesn’t 

provide any additional damping to the input LC filter. Under 

such case, as studied in [16], the MC cannot maintain stable 

with the constant power control. It can also be easily found from 

(16) that, the smaller the magnitude of H(s) is, the larger the 

virtual damping resistor is, and then the worse the stability 

performance of the proposed method is. 

However, the practical effect is not so bad. As analyzed 

above, the harmonic orders in the input voltage amplitude that 

affect output power quality are 2, 6, 12, et al. Actually, the 

major harmonics that matters are 2nd, 6th, 12th, and 18th harmonic, 

which will be shown in Section IV. The harmonics whose 

orders are larger than 18 are usually negligible. Their effects on 

the output power quality are sorely limited. Therefore, in most 

practical situation, only four RCs with the central frequencies 

as 2i, 6i, 12i, and 18i need to be adopted. As a result, the 

maximum central frequency is 900Hz for a 50Hz utility grid. 

However, the resonance frequency of the input LC filter is often 

around 1.5kHz or even larger if the switching frequency is 

larger than 10kHz. Consequently, the resonance frequency is 

far enough away from the central frequency of any RC, which 

means the improved method could maintain the stability 

performance. Furthermore, even if the resonance frequency of 

the LC filter approaches the central frequency of one RC, the 

stability performance can be maintained by disabling this RC, 

and the other RCs still help to enhance the output power quality. 

To verify the effects, we have designed a simulation test in 

Matlab/Simulink software. In the test, both the input filter 

inductance and capacitance are enlarged, so that the filter 

resonant frequency is about 900Hz, the same with the central 

frequency of the 4th RC. As shown in Fig. 8, the magnitude of 

H(s) at the resonant frequency is much smaller than that of G(s). 

Therefore, the stability performance of the proposed method is 

worse than the conventional method. The simulation results are 

shown in Fig. 9. It can be found that, with the improved method, 

the source current cannot maintain stable, which proves that the 
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Fig. 9  Simulation results of source current when the resonant frequency of the 
input LC filter approaches the central frequency (900Hz) of the 4th RC: (a) 

without the improved method; (b) with the improved method. 
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stability is degraded if the filter resonant frequency approaches 

the central frequency of one RC. Yet, as stated above, such an 

extreme case is relatively rare practice, since the filter resonant 

frequency is too small. 

IV. EXPERIMENTAL RESULTS 

Experimental verification for the performance evaluation and 

improvement of the active stabilization method has been carried 

out on a laboratory prototype. The prototype is composed of 

nine bidirectional switches, each comprising two common-

emitter connected IGBTs. A photograph of the prototype is 

presented in Fig. 10 and the experimental parameters are listed 

in Table I. The voltages and currents are measured with two 8-

channel 16-bit analog-to-digital converters (ADC). The 

waveforms displayed in the oscilloscope (Yokogawa 

DLM2024) are output by the DSP controller through a 4-

channel 12-bit digital-to-analog converter DAC. This is 

accurate enough for the observation of low-frequency 

harmonics in voltages and currents, which are the major 

concern of this paper.  
TABLE I 

Experimental Parameters 

Variables Description Values 

Us Input Voltage (L-L RMS) 150 V 

fi Input Frequency 50 Hz 

uom
* 

Reference Amplitude of Output Voltage 90V 

fo Output Frequency 80 Hz 

Lf Input Filter Inductor 1 mH 

Cf Input Filter Capacitor 8.7 F 

Lo Output Inductor 2 mH 

Ro Output Resistor 10  

IGBT Power Switches for MC IKW15N120H3 

DSP Digital Signal Processor TMS320F28335 

ADC Analog-to-Digital Converter ADS8588S 

DAC Digital-to-Analog Converter DAC7554 

Ts Sampling Time 33.33 s 

Kh Passband Gain of G(s) 0.8 

Th Time Constant of G(s) 0.4 ms 

m 
Central Frequency Order of Each 

Resonant Controller 
2, 6, 12, 18 

Kr 
Integral Gain of Each Resonant 

Controller 
1000000 

The three-phase input voltage comes from an adjustable 

transformer connected to the utility grid. The voltage profile is 

shown in Fig. 11. It can be found that the input voltage mainly 

contains 5th, 7th, 11th, 13th, 17th, and 19th harmonics. Accordingly, 

the input voltage amplitude uim contains harmonics at 

frequencies of 6i, 12i, and 18i. The voltage unbalance 

disturbance is not observed in experiments, but it is still taken 

into account in the improved method for generality.  

Fig. 12 and Fig. 13 show the experimental results with the 

traditional active stabilization method and the improved method, 

respectively. Fig. 12(a) and Fig. 13(a) show the generated 

additional control signal uom
* and the amplitude variation iom 

of output current. Fig. 12(b) and Fig. 13(b) show the three-

phase output current and its instantaneous amplitude iom, where 

iom is calculated with the -axis components: 

 2 2

om oα oβi i i   (17) 

iom is obtained from iom through the oscilloscope’s AC-

coupling function which removes the DC component.    Fig. 

12(c) and Fig. 13(c) show the three-phase source current. 

Harmonic analysis results performed by the oscilloscope are 

also presented in Fig. 12 and Fig. 13. The detailed harmonic 

contents of output current amplitude iom and source current isA 

are listed in TABLE II. 
TABLE II  

Harmonic Content (%) in Output Current Amplitude iom and Source 

Current isA 

 
Harmonic  

Frequency/Order 
Traditional Improved 

Output Current 

Amplitude iom 

2i 0.28 0.11 

6i 2.16 0.23↓ 

12i 1.27 0.49↓ 

18i 0.50 0.49 

Source Current isA 

5th 1.83 0.89↓ 

7th 1.73 1.50↓ 

11th 0.74 1.04↑ 

13th 1.28 1.52↑ 

17th 0.71 0.76↑ 

19th 0.22 1.26↑ 

From Fig. 12(a), it is clear that uom
* generated with 

Auxiliary 

Power

Controller and 

Conditioner

Input Filter

Driver and Power 

Switches  

Fig. 10  The matrix converter prototype used in experiments. 
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Fig. 11  Upper: waveforms of three-phase input voltage (uiA, uiB, uiC) and its 

instantaneous amplitude uim; Lower: Harmonic analysis results of uim and uiA. 
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traditional method contains considerable harmonics at  

frequencies of 6i, 12i, and 18i. These harmonics come from 

the disturbed input voltage and are transferred into the output 

current. The low-frequency ripple of output current amplitude 

is about 0.37A or 4.11% of the nominal amplitude (about 9A), 

as shown in Fig. 12(b). By adopting the proposed method, the 

harmonics in uom
* are suppressed almost to zero, as shown in 

Fig. 13(a). Beneficially, the low-frequency ripple of output 

current amplitude is reduced to about 0.20A or 2.22% of the 

nominal amplitude. 

The distortion of output current with the traditional method 

is obvious, which could be observed from both the waveform 

and the FFT analysis result of the amplitude iom. According to 

TABLE II, the harmonic contents at frequencies of 6i and 12i 

in iom are up to 2.16% and 1.27% respectively. With the 

improved method, better sinusoidal output current is obtained 

with the harmonic contents reduced to 0.23% and 0.49% 

respectively. The harmonic contents at the frequency of 2i 

with both methods are small, because the input voltage is 

balanced. In addition, the residual current ripple in iom still 

uom
*(2.5V/div)

iom(5A/div)

ioU(5A/div) ioW(5A/div) ioV(5A/div)

6i 12i 18i

iom(0.25A/div)

6i 12i 18i

isA(2.5A/div) isB(2.5A/div) isC(2.5A/div)

2i

2i

(a)

(b)

(c)

More Harmonics

FFT of isA

FFT of iom

FFT of uom
*

 

Fig. 13  Experimental results with the improved method: (a) Waveform of the 

additional control signal uom
* and the amplitude variation iom of output 

current, and the harmonic analysis result of uom
*; (b) Waveform of output 

current (ioU, ioV, ioW) and its amplitude iom, and the harmonic analysis result of 

iom; (c) Waveform of source current (isA, isB, isC), and the harmonic analysis 

result of isA.  
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*(2.5V/div)

iom(5A/div)

ioU(5A/div) ioW(5A/div) ioV(5A/div)
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Fig. 12  Experimental results with the traditional method: (a) Waveform of the 

additional control signal uom
* and the amplitude variation iom of output 

current, and the harmonic analysis result of uom
*; (b) Waveform of output 

current (ioU, ioV, ioW), and its amplitude iom, and the harmonic analysis result of 

iom; (c) Waveform of source current (isA, isB, isC), and the harmonic analysis 

result of isA.  
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exists and the harmonic content reduction at the frequency of 

18i in iom is sorely limited. The residual harmonic at this 

frequency is generated by the non-linear behavior of the 

converter but not by the active stabilization method. Fig.13(a) 

proves that the improved method could effectively suppress the 

harmonic at the frequency of 18i in the additional control 

signal uom
*. Therefore, the improved method doesn’t generate 

any extra harmonic at the frequency of 18i in iom. 

Fig.12(c) and Fig. 13(c) show that the distortions of source 

current with both methods are different. According to the FFT 

analysis results and TABLE II, the contents of 5th and 7th 

harmonics with the improved method are reduced while other 

harmonics’ contents are increased. This proves that the 

improved method could affect the harmonic distribution of 

source current, in consistent with the theoretical analysis in Part 

D Section III. In addition, the harmonic contents around the 

resonance frequency (≈1.7kHz) of the input LC filter are small, 

demonstrating that the proposed improvement could maintain 

the stability performance of the stabilization method if the 

resonance frequency is far away from the central frequency of 

any RC. 

V. CONCLUSION 

Most of the active stabilization methods for matrix converter 

need to (equivalently) modify the reference amplitude of output 

voltage. For the methods based on input voltage filtering, the 

input voltage disturbances could be transferred into the 

additional control signal through the digital filter with little 

attenuation. Therefore, low-frequency harmonics are 

introduced into the output voltage and further into the output 

current, degrading the output power quality. This is also true for 

other existing methods based on input voltage filtering. 

This paper proposes an improved active stabilization method. 

By adopting multi-resonant controllers, low-frequency 

harmonics in the additional control signal are eliminated. 

Therefore, the improved method doesn’t generate extra low-

frequency harmonics in the output voltage and current, 

enhancing output power quality. In addition, the improved 

method with fixed central frequencies of resonant controllers is 

effective under the normal variation of input frequency. No 

additional frequency-adaptive measure needs to be taken, 

reducing the computation burden. By modifying the digital 

filter in a similar way with appropriately designed controller, 

other existing methods could also be improved to obtain good 

output power quality. 

One drawback of the improved method is that it may change 

the harmonic distribution of source current. As can be found in 

the experiments, some harmonics in source currents are 

increased. This cost is acceptable, especially when good output 

power quality is required. 
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