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Abstract: The external uncertainties and disturbance affect the DC output

of a matrix rectifier (MR) system. This paper presents a sliding mode control

(SMC) of uncertain parameters for a MR. Adding a value of anti-voltage into

the control function can effectively mitigate the chattering of the sliding

motion. Besides, the method of calculating the minimum value of anti-

voltage are presented, which can ensure better dynamic performance of a

MR. Theoretical and experimental results are presented to verify the correct-

ness and feasibility of the novel control scheme.
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1 Introduction

For the past years, the MR, a derivation of three-phase AC-AC converter, is still

an attractive topology for scientific research, because it has several advantages:

operating in all four quadrants of operation, no large energy storage elements,

sinusoidal current input, and flexible input power factor regulation [1, 2]. Con-

sequently, the MR has a broad application prospect in electrical traction, unin-

terruptible power supplies and power supplies for telecommunication system, etc

[3, 4].

However the power network is often with uncertainty in external disturbances.

Especially the AC supply usually becomes distorted or unbalanced, which leads to

the abnormal DC output. Besides, the parameters of a rectifier, such as input

capacitor or output induction, is inevitable varying with environmental conditions,

which results in undesired performance of a power converter [5]. Recently sliding

mode control (SMC) is often applied on the matrix rectifier. SMC is a nonlinear

control method and it has several advantages like a quick response, strong robust-

ness, simple implementation and etc [6, 7]. In [8], the author simply focused on the

existence of sliding surface when a MR operates in sliding mode. In [9], the author

analyzed the DQ model of a MR and presented a sliding mode controller based

on reaching law to achieve both DC output voltage and input power factor. But

previous works on a MR are not involved in the value of anti-disturbance.

2 Nonlinear modeling of a MR system

Fig. 1 shows the topology of a MR system, and it consists of six-switch array.

Supposing the switches are modeled as ideal switching function, and the three-

phase input voltage is balanced, the averaged DC output voltage can be shown as:

VPN ¼ 1:5mVim cos ’i ð1Þ
where m is the modulation index, Vim is the amplitude of the input phase voltage

and ’i is the desired input current displacement angle. However, when the grid side

Fig. 1. Topology of a MR system.
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input voltage is unbalanced, the averaged output voltage of a MR can be calculated

as [10]:

VPN ¼ 1:5mVim cos ’i þ 1:5mVmax cosðn!t � ’iÞ ð2Þ
where Vmax is the amplitude of AC component and ω is the source angular

frequency. In order to simplify the calculation, Eq. (2) can be simplified as

VPN ¼ 1:5mVim � 1:5mVmax ð3Þ

3 Design of the sliding mode controller

What influence the dc output voltage of a MR is the stochastic external disturbance

and inevitable unknown factor of internal parameters. Those uncertainties leads to

the bad performance of a MR. Thus, in this section, a sliding mode controller is

given to solve such problems.

We define the error eV and the switching function of DC output voltage as

eV ¼ Vref � Vo ð4Þ
S1 ¼ eV þ c1 _eV ð5Þ

where, c1 sliding mode coefficient.

When the three-phase input voltage is unbalanced, the state equation is given as

following:
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From Eq. (2), when the reference voltage is Vref and the three-phase input

voltage is balanced, the modulation index m can be shown as

m ¼ Vref

1:5Vim cos ’i
ð7Þ

Consequently the control function is design as:

m ¼
mref þ � S1ðeV Þ > 0

mref � � S1ðeV Þ < 0

(
ð8Þ

where mref ¼ Vref

1:5Vim cos ’i
is the pre-modulation index and σ is the value of

voltage anti-disturbance.

In order to ensure that the initial point S1 ¼ 0 in the state space of any position

can reach the switching surface in a limited period of time. The sliding mode

control for the DC output voltage must satisfy the inequality:

S1 _S1 < 0 ð9Þ
The uncertain term of the internal parameters influence the dc output voltage

is relatively small, therefore it can be eliminated by adjusting c1. In this part, we

© IEICE 2016
DOI: 10.1587/elex.13.20160462
Received May 9, 2016
Accepted May 25, 2016
Publicized June 9, 2016
Copyedited June 25, 2016

3

IEICE Electronics Express, Vol.13, No.12, 1–6



mainly focus on the external uncertainties which leads to the undesired perform-

ance of a MR system.

S1 _S1 ¼ ðVref � VOÞ � c1
CO

Idc � VO

RL

� �� �
_S1 ð10Þ

When c1 is small enough, comparing to Vref � VO,
c1
CO

ðIdc � VO

RL
Þ can be

ignored. Consequently, substituting Eq. (2) into Eq. (10),

S1 _S1 ¼ � 1

CO
ðVref � VOÞ

Idc � VO

RL

� �
þ c1
LO

ð1:5mðVim � VmaxÞ � VOÞ
� � ð11Þ

The followings are separated into two parts to discuss under different switching

manifold, whether the sliding mode motion exists or not.

1) when S1 > 0, m ¼ mþðevÞ ¼ mref þ � ¼ Vref

1:5Vim
þ �

In this moment, ðVref � VOÞ > 0. Since mþðevÞ ¼ Vref

1:5Vim
þ �, there will be

1:5mðVim � VmaxÞ ¼ 1:5ðVim � VmaxÞ Vref

1:5Vim
þ �

� �
¼ Vref þ 1:5Vim� � Vref

Vim
Vmax �

1:5Vmax� and obviously in this switching cycle Idc � VO

RL

� �
> 0. If 1:5Vim� �

Vref

Vim
Vmax � 1:5Vmax� � 0, there will be � � � Vref Vmax

1:5VimðVim � VmaxÞ . Because

Vref Vmax

1:5VimðVim � VmaxÞ > 0, as long as the inequality � � Vref Vmax

1:5VimðVim � VmaxÞ holds,

the sliding mode motion exists. Generally speaking, Vmax ¼ Vim=10. That is to say,

if � � Vref

13:5Vim
, the inequality (9) holds.

2) when S1 < 0, m ¼ m�ðevÞ ¼ mref � � ¼ Vref

1:5Vim
� �

In this moment, ðVref � VOÞ < 0. Since m�ðevÞ ¼ Vref

1:5Vim
� �, there will be

1:5mðVim � VmaxÞ ¼ 1:5ðVim � VmaxÞ Vref

1:5Vim
� �

� �
¼ Vref � 1:5Vim� � Vref

Vim
Vmax �

1:5Vmax� and similarly Idc � VO

RL

� �
< 0. If �1:5Vim� � Vref

Vim
Vmax � 1:5Vmax� � 0,

there will be � � � Vref Vmax

1:5VimðVim � VmaxÞ . Because
Vref Vmax

1:5VimðVim � VmaxÞ > 0, as long

as the inequality � � Vref Vmax

1:5VimðVim � VmaxÞ holds, the sliding mode motion exists.

Generally speaking, Vmax ¼ Vim=10. That is to say, if � � Vref

13:5Vim
, the inequality

(9) holds.

No doubt, under the condition of j�j � Vref

13:5Vim
, the DC output voltage of a

MR system within the range of uncertainty are complete robustness.
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4 Experimental results

Experiments are carried out to illustrate and validate the proposed control function.

The parameters used in a MR system are as: three-phase input voltage and

frequency 50V/50Hz; inductance and capacitor of input filter Li ¼ 2mH and

Ci ¼ 20µF; inductance and capacitor of output filter Lo ¼ 5mH and Co ¼ 20µF;

Load resistance RL ¼ 30Ω.

Two comparative experiments are to be shown in this section: 1) adapting the

space vector modulation based on SMC to regulate the DC output without adding

voltage anti-disturbance. 2) adapting the space vector modulation based on SMC

with adding the appropriate value of voltage anti-disturbance.

Fig. 2 and Fig. 3 both show that applying space vector modulation based on

SMC can regulate desirable DC output voltage. However, without adding the

voltage anti-voltage (Fig. 2), the sliding mode chattering is much more obviously

than Fig. 3 shows. Thus, adding the anti-disturbance can restrain the external

uncertain disturbance. In the practical application, correctly setting the value of

voltage anti-disturbance according to the power supply qualities can obtain sat-

isfactory DC output results of a MR system.

Fig. 2. Experimental waveform of using space vector modulation
based on conventional SMC when the three-phase input voltage
is unbalanced.

Fig. 3. Experimental waveform of using space vector modulation
based on SMC with adding voltage anti-disturbance when the
three-phase input voltage is unbalanced.
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5 Conclusion

In this paper, a sliding mode control of uncertain parameters are proposed to

achieve DC output regulation of a MR system. Theory and experiment are proved

that adding the value of voltage anti-disturbance can successfully regulate the DC

output voltage under unbalanced power supply.
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