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Abstract – In this paper a new discrete-time sliding 

mode control scheme for three-phase PWM rectifiers is 

proposed. Active and reactive powers are directly 

controlled using a virtual-flux oriented reference frame. 

Robustness of the proposed methodology under 

inductance variation is shown. Simulation results of a 

rectifier connected to a large power system are presented 

to compare the proposed strategy and the voltage 

oriented control scheme. Experimental results also show 

the better performance of the proposed scheme. 

Keywords – Discrete-time sliding mode control, three-

phase rectifiers, virtual-flux oriented control, voltage 

oriented control. 

I. INTRODUCTION 

The amount of loads that are connected to the source by 

some kind of power electronic converter greatly increased in 

the last decades. Most of these converters include a rectifier 

input stage, forcing researchers to study and develop 

rectifiers in compliance with stringent requisites (e.g. IEEE 

519, IEC61000) in terms of input currents harmonic 

distortion, input power factor and efficiency. Many 

researchers have investigated the use of conventional three-

phase diode rectifiers to which some power electronic circuit 

is added for achieving low input currents harmonic distortion 

and high power factor [1]-[6]. Applications such as ac/dc/ac 

variable speed drives and dc distributed power systems 

require the use of a forced commutated converter at the front 

end, instead of a simple diode or a phase commutated 

rectifier. This is due to the necessity of bidirectional power 

flow in some applications, such as ac/dc/ac converters for 

grid connected wind turbines. The three-phase boost rectifier, 

shown in Figure 1, has been the most popular topology. 

Various control methods have been proposed in the latest 

years on this type of rectifier. Specially, the voltage oriented 

control (VOC) has been often applied [7] and [8]. Its 

dynamic response is mainly related with the technique 

utilized for synchronization with the grid voltage, which 

might be strongly susceptible to unbalance and harmonics 

present in the grid voltages, and the quality of the internal 

current control loops. 
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Fig. 1. Three-phase boost rectifier. 

Representing an alternative to the VOC scheme is the 

voltage oriented direct power control (DPC), developed in 

[9] and [10]. It does not need the internal current control 

loops, but grid voltage unbalance and harmonics can again 

deteriorate the performance of the system. 

In order to reduce the grid voltages influence on the 

current waveforms, the virtual-flux oriented direct power 

control (VF-DPC) was proposed [11]. The integrators used 

for obtaining the virtual-flux attenuate the n
th
 harmonic 

component contained in the grid voltage waveform by 1/n. 

Both DPC and VF-DPC use hysteresis comparators and 

switching tables for determining the converter voltage vector 

to be applied, which makes the switching frequency vary 

causing high order harmonics in the current. Another major 

drawback of these schemes is the need for high sampling 

frequency thus requiring fast microprocessor and A/D 

converters [12].   The main advantages of the VF-DPC are its 

robustness and fast dynamic response. 

The problem with the variable frequency in VF-DPC was 

overcome by substituting the hysteresis comparators and the 

switching table by proportional-integral (PI) controllers in 

[12] and [13]. The outputs of the PIs are the direct and 

quadrature voltage components that must be synthesized by 

the converter. This is accomplished through a space vector 

modulator. In another proposal the PIs give place to a 

deadbeat controller [14] and [15]. Again, space vector 

modulation is used for producing the desired converter 

voltage vector. These two methods are known in the 

literature as SVM-DPC and deadbeat-DPC, respectively. 

The main purpose of this paper is to present a new 

discrete-time sliding mode direct power control (SM-DPC) 

scheme. In this scheme, sliding mode control theory is used 
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to determine the voltage components, and once again a space 

vector modulator is employed to attain the reference voltage 

vector.   The proposed method has many interesting features: 

• Fast dynamic response; 

• Low sensitivity to grid voltages unbalance or 

harmonics; 

• Nearly sinusoidal current waveform; 

• Constant switching frequency; 

• Low sampling frequency; 

• No voltage sensors are required; 

• Robustness to filter parameter variations. 

II. SLIDING-MODE DIRECT POWER CONTROL 

Considering the three-phase rectifier shown in Figure 1, 

the grid voltage vector in an arbitrary dq reference frame is: 

  ����� � �	��� 
 � �
	���� ��⁄ 
 ����	��� 
 �����  , (1) 

where ����� and ����� are the grid and converter voltage 
vectors; 	���  is the filter inductor current vector and �� is the 
arbitrary angular speed of the dq reference frames. The 

instantaneous active and reactive powers can be written in 

terms of the grid voltage and filter current d and q 

components:  

 �� � �3 2⁄ ���������	����� � �3 2⁄ �
��� � 
 ��� ��! � �3 2⁄ �"#������	����� � �3 2⁄ �
$��� � 
 ��� ��% .�2� 
The proposed sliding-mode direct power control is based 

on the real and reactive power dynamic equations, written in 

terms of the virtual-flux. In the stationary αβ reference 
frame, the virtual-flux vector is obtained from: 

 �
)�*+�� ��⁄ � ��*+� . (3) 

Thus, in an arbitrarily rotating dq reference frame, the grid 

voltage vector written in terms of the virtual-flux vector is 

equal to: 

 ����� � �
)����� ��⁄ 
 ���)���� , (4) 

therefore the active and reactive powers in terms of the 

virtual-flux are 

 ,� � �3 2⁄ � -�./0�1  � 
 �.20�1  � 
 ��
)�� � $ )�� ��3
! � �3 2⁄ � -�.20�1  � $ �./0�1  � 
 ��
)�� � 
 )�� ��3% .�5� 

If a virtual-flux vector oriented dq reference frame is used, 

and assuming that the virtual-flux vector amplitude 

oscillations are negligible, then the active and reactive power 

components become: 

 5� � �3 2⁄ ��) �! � �3 2⁄ ��) � % . �6� 
where � is the virtual-flux vector angular speed (or the 

synchronous speed) and ) is the virtual-flux vector 

magnitude. Rewriting (4) with the reference frame oriented 

by the virtual-flux vector and substituting it together with (6) 

into (1) gives: 

 ,��� � �./0�1 $ �)�� 7 0 � 9:;<. ��1 ! $ 9:;. � 
 ������ � �.20�1 
 �)�� � �) � 9:;<. ��1 � 
 9:;. ! 
 ���
% (7) 

The dynamic equations for the active and reactive power 

components can be written in terms of the virtual-flux vector 

components by rearranging (7): 

 , ��1 ! � �� $ ;<.9: �����1 � � $�! $ ;<.9: 
��� $ �)�%  . (8) 

Discrete-time versions of (8) may be obtained by using 

difference equations for substituting the derivatives, resulting 

in: 

 ,!=>? � != 
 �@A�= $ ;<.B9: @A���=�=>? � �= $ �@A!= $ ;<.B9: @A
���= $ �)=�%  . (9) 

The converter voltage components vDEF and vGEF for 
deadbeat real and reactive power control could be obtained 

from (8) simply forcing pF>? � p� and qF>? � q�. The cross 
coupling terms, i.e., the second right-hand term of each 

equation in (9), as well as the last term �3ω9λF9hM 2L⁄ � of the 
equation for  pF>?, could be considered as known 

disturbances, since they could be estimated from the 

measured currents and estimated virtual flux components. 

The result would be a fast and precise control scheme with a 

constant switching frequency. However, as in any deadbeat 

control, the strategy would be very sensitive to measuring 

errors, parameter variations or virtual flux estimation errors. 

For this reason, a sliding mode control scheme is designed in 

order to ensure the control’s robustness [16]. 

Let xG and xD be the reactive and active power errors, 

respectively: 

 ,P� � !� $ !; ��1 P� � $�� 
 ;<.9: ���PR � �� $ �; ��1 PR � �! 
 ;<.9: 
��� $ �)�%  , (10) 

or, in discrete-time domain: 

 ,P�BST � P�B $ �@A�= 
 ;<.B9: @A���BPRBST � PRB 
 �@A!= 
 ;<.B9: @A
���B $ �)=�%  . (11) 

Consider that the chosen sliding surfaces are equal to the 

system errors: SGF � xGV � 0 and SDF � xWV � 0. In 

discrete-time sliding-mode control systems, it is desirable to 

choose the system inputs (vDEV  and vGEV) so that three 
conditions are met [16]: 

• The switching functions (SG � 0 and SD � 0) 
must be crossed in a finite number of sampling 

intervals; 

• After being crossed for the first time, the 

switching function should be crossed again each 

sampling interval; 

• After a switching function is crossed for the first 

time, the corresponding value of |SF| remains 

smaller than a certain specified limit.  

It can be verified that the three mentioned conditions are 

satisfied if 

 Y=>? $ Y= � $Z@AY= $ [@A\]^_Y=` , �12� 
where Z b 0, [ b 0, �1 $ Z@A� b 0. In fact, it can be easily 
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seen that whenever Y= b 0, then Y=>? $ Y= c $[@A; and 
whenever Y= c 0, then Y=>? $ Y= b [@A,  which ensures the 

first condition to hold. Further, when Y= is near the switching 

surface, i.e., when $[@A c Y= c [@A, then the two other 

conditions are satisfied. This can be easily shown as follows. 

If Y= � d[@A, 0 c d c 1, then condition (12) imposes that 

 Y=>? � $e1 $ �1 $ Z@A�df[@A �13� 
and since 0 c �1 $ Z@A� c 1 and 0 c d c 1: 
 $[@A c Y=>? c 0 . �14� 
Analogously, if Y= � $d[@A, it is easily verified that 
 0 c Y=>? c [@A . �15� 

The next step consists of finding the converter d and q 

voltage components in order to guarantee that equation (12) 

is satisfied. Remembering that SGV � xGV  and SDV � xDV , and 
substituting (11) in (12), these voltage components are 

determined: 

,���B � 9:;<.B 
$ZP�= $ [\]^�P�=�� 
 9:;.B �=���B � 9:;<.B �$ZP�= $ [\]^_P�=`� $ 9:;.B != 
 �)=
%. �16� 

It should be noted that if αhM � 1 and βhM � 0, then the 
control law for deadbeat control is achieved. It is expected 

that if parameter α is close to one, then the dynamic response 

wil be very fast, comparable with the deadbeat response. 

Also, if parameter β is near to zero, than the error oscillations 
around zero are expected to have low amplitude. On the 

other hand, in these cases the control system would be more 

sensitive to parameter variations and external disturbances. 

III. CONTROL LAW FOR ENSURING ROBUSTNESS 

Taking into account parameter deviations and external 

disturbances, a discrete-time system dynamic equation can be 

written in the following form: 

 P=>? � hP= 
 ihP= 
 jk= 
 l= , �17� 
where ih � jhn is used for taking into account parameter 

deviations in the state matrix h and l= � jln= represents 
external disturbances. 

In order to ensure that the three mentioned conditions are 

attained even in the presence of external disturbances or 

parameter deviations, the discrete-time system dynamic 

equations will be written in the following form: 

 P=>? � hP= 
 j
k= 
 hnP= 
 ln=� . �18� 
Since Aq and fnF are unknown, they cannot be compensated 

through feedforward terms. However, the maximum 

expected parameter deviations and external disturbances may 

be used for determining a conservative control law which 

ensure two conditions to hold: a) convergence to the 

switching surface in a finite number of sampling periods; b) 

after the switching surface is reached, the distance to it 

surface will remain limited to some specified value. These 

two conditions may be imposed by defining a new 

approaching law, slightly different from (12): Y=>? $ Y= � $Z@AY= $ [@A\]^_Y=` 
 YnsB $ Yst 
 YnuB $ Yut  ,�19� 
where 

 �Ys: w Yns= � jhnP= w YsxYu: w Ynu= � jln= w Yux %  �20� 
and 

 5 l Y= y 0 , �Yst � Ysx;  Yut � Yux�  l Y= c 0 , �Yst � Ys:;  Yut � Yu:� % . �21� 

It can be easily demonstrated that condition (19) ensures 

that if SF b 0, then SF>? c SF $ βhM; and if SF c 0, then SF>? b SF 
 βhM. This ensures that the sliding surface will be 

crossed in a finite number of sampling time intervals. 

Further, when SF is near to zero, i.e., |SF| c [hM , its 
absolute value will be confined to the following 

neighborhood: 

 |Y=>?| c z[@A 
 �Ysx $ Ys:� 
 
Yux $ Yu:�{ . �22� 
To demonstrate the condition in (22) is also 

straightforward. If SF � γβhM, 0 c d c 1, then (19) imposes 

that 

 z$[@A $ �Ysx $ Ys:� $ 
Yux $ Yu:�{ c Y=>? c 0. �23� 
On the other hand, if Y= � $d[@A, 0 c d c 1, then 
 0 c Y=>? c z[@A 
 �Ysx $ Ys:� 
 
Yux $ Yu:�{ . �24� 

It is evident from (23) and (24) that the more robustness to 

be added to the control, the wider the neighborhood around 

the switching function and, consequently, larger active and 

reactive power error oscillations around zero are expected. 

A. Control Law for robustness to filter parameter variations 

Consider that due to saturation, the filter inductance can 

experiment variations around its rated value L}: 
 0.7�} c � c 1.1�} . �25� 
Based on this possibility, the discrete-time dynamic 

equations of active and reactive power errors can be 

rewritten as: 

 �P�BST � P�B $ �@A�= 
 
j} 
 ∆j����BPRBST � PRB 
 �@A!= 
 
j} 
 ∆j�
���B $ �)=�%  , (26) 
where ∆j is used to take into account the possible variations 
in the filter inductance: 

 j} 
 ∆j � ;<.B9�:} >∆:� @A , �27� 
or, in order to explicit the terms corresponding to the 

uncertainties: 

 �P�BST � P�B $ �@A�= 
 j}���B 
 j}ln�BPRBST � PRB 
 �@A!= 
 j}
���B $ �)=� 
 j}lnRB
%  , (28) 

where  

 ,ln�B � ∆��} ���BlnRB � ∆��} 
���B $ �)=�%  . (29) 

Recalling that the chosen sliding surfaces are the active 

and reactive power errors and imposing approaching law 

(19), the robust control laws can be determined: 

,���B � ���} 
$ZP�= $ [\]^�P�=� 
 ��=� $ l�t���B � ���} 
$ZPR= $ [\]^�PR=� $ �!=� 
 �)= $ lRt
% , (30) 

where 

� l P�B y 0, l�� � ln���� l P�B c 0, l�� � ln����
% and � l PRB y 0, lR� � lnR��� l PRB c 0, lR� � lnR���

% �31� 
For determining the maximum and minimum values of fnG 

and fnW, the signals of  vDEV  and 
vGEV $ ωλF� are necessary. 
In order to examine these signals, Table I and Table II 

present all the possibilities. 

Thus, as it can be observed in Table I and Table II, the 

sign of vDEV  is always equal to that of 
$αxGF $βsgn�xGF� 
 ωpF� and the sign of 
vGEV $ ωλF� is equal to 
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the sign of 
$ZPR= $ [\]^�PR=� $ �!=�. The desired 

robust control laws can then be easily determined using the 

algorithms shown in Table III. 

IV. SIMULATION RESULTS 

A. Rectifier Connected to an Infinite Busbar  

The circuit shown in Figure 1 with a simple resistive load 

was simulated in Matlab using a conventional VOC scheme 

and the proposed SM-DPC. The simulated system data are 

given in Table IV. A Syncronous Reference Frame Phase-

Locked Loop -SRF-PLL [17] was used in the VOC system 

for synchronization. 

The simulations were performed in order to illustrate the 

characteristics of the proposed methodology in comparison 

with the conventional VOC scheme. Distorted grid voltages 

were considered, by adding 5% of 5
th
 to the phase signals. 

Figure 2 shows the phase a grid voltage and the respective 

L-filter current obtained when applying the traditional VOC 

with PLL. The current total harmonic distortion (THD) is 

7.84%. As expected, the voltage waveform influences the 

filter current harmonic content. 

The SRF-PLL fails to extract the fundamental component 

of the grid voltage [18], thus making the grid voltage vector 

amplitude and angle oscillate. This information is essential 

for the correct operation of the VOC control scheme.  

In the virtual flux oriented direct power control, the 

voltage distortions are expected to be somewhat filtered, 

since the flux components are obtained by integrating the 

grid voltage Z and [ components.  

In practice, eventual offsets in the measured voltages 

would cause instability if pure integrators were used to 

estimate the virtual flux. To avoid such problem, a low-pass 

filter cascaded with a high-pass filter has been employed for 

this task. Both are first order filters with cut-off frequency 

equal to 5 Hz. The output of the cascaded filters has its gain 

and phase corrected for the grid frequency, so that it behaves 

like an ideal integrator at the fundamental frequency. 

The phase a grid voltage and filter current obtained when 

applying the proposed SM-DPC scheme are shown in Figure 

3. A more sinusoidal current waveform is now obtained. The 

phase a current THD using the SV-DPC was reduced to 

6.01%. The low order harmonics are considerably reduced. 

The higher order harmonics are larger, due to the design 

procedure, in which robustness to variations in the filter 

inductance was considered.  

The oscillations in the active and reactive power 

components are also reduced when using the proposed DPC 

scheme, as it can be observed in Figures 4 and 5. 

B. Rectifier Connected to a Real Power System 

 Some new simulations focusing the performance of the 

rectifier when connected to a large electrical network are 

presented to highlight the benefits of the proposed SM-DPC. 

This is carried out by connecting the rectifier directly to a 

real power system network, unlike an infinite busbar, as 

widely adopted in similar studies. Representing in details the 

electrical network allows the simulation of phenomena 

associated to switching, saturation, hysteresis and other non-

linearities, inherent to the daily events which take place in 

electrical power systems. Riding through these abnormal 

conditions requires, from the rectifier control system, 

capacity to reject noise and to keep the main characteristics 

of the electrical signals acquired by the control algorithm. 

Due to the bad responses obtained when using an SRF-PLL 

for the dq reference frame orientation in the VOC scheme, a 

DSOGI-PLL [19] was used instead. 

TABLE I 

Possible Values of ����  P�B ���B l�� ���B from (30) y 0 y 0 3���B7  
710 @Aj} 
$ZP�= $ [ 
 ��=� y 0 c 0 $ ���B11  

1110 @Aj} 
$ZP�= $ [ 
 ��=� c 0 y 0 $ ���B11  
1110 @Aj} 
$ZP�= 
 [ 
 ��=� c 0 c 0 3���B7  
710 @Aj} 
$ZP�= 
 [ 
 ��=� 

TABLE II 

Possible Values of ����  PRB 
���B $ �)=� lR� 
���B $ �)=� from (30) y 0 y 0 3
���B $ �)=�7  
710 @Aj} 
$ZP�= 
 [ 
 ��=� 

y 0 c 0 $ 
���B $ �)=�11  
1110 @Aj} 
$ZPR= $ [ $ �!=� 

c 0 y 0 $ 
���B $ �)=�11  
1110 @Aj} 
$ZPR= 
 [ $ �!=� 

c 0 c 0 3
���B $ �)=�7  
710 @Aj} 
$ZPR= 
 [ $ �!=� 

TABLE III 

Robust Control Laws for �. ��� c � c 1.1��  
���B ���B 

if 
P�B y 0� 
    ���� � 
$ZP�= $ [ 
 ��=� 
    if ����� y 0� 
        ���B � 7@A���� 
10j}�⁄  

    else 

        ���B � 11@A���� 
10j}�⁄  

    end 

else 

    ���� � 
$ZP�= 
 [ 
 ��=� 
    if ����� y 0� 
        ���B � 11@A���� 
10j}�⁄  

    else 

        ���B � 7@A���� 
10j}�⁄  

    end 

end 

if 
PRB y 0� 
    ���� � 
$ZPR= $ [ 
 �!=� 
    if ����� y 0� ���B � �)= 
 7@A���� 
10j}�⁄  

    else vGEV � ωλF 
 11hMv��� 
10b}�⁄  

    end 

else 

    ���� � 
$ZPR= 
 [ 
 �!=� 
    if �v��� y 0�  ���B � �)= 
 11@A���� 
10j}�⁄  

else ���B � �)= 
 7@A���� 
10j}�⁄  

    end 

end 

TABLE IV 

Circuit Parameters 

Phase Voltage 65 VRMS 

Voltage Frequency 60 Hz 

Filter Resistance 0.1 Ω 

Filter Inductance 9.6 mH 

DC Bus Capacitor 2350 µF 

DC Bus Voltage Reference 200 V 

Load Resistance 242 Ω 

Sampling Frequency 20 kHz 

Switching Frequency 10 kHz 
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Fig. 2. Phase a grid voltage and filter current obtained using the 

VOC scheme. 

 
Fig. 3. Phase a grid voltage and filter current obtained using the 

SM-DPC scheme. 

 
Fig. 4. Active and reactive power components for the VOC scheme. 

 
Fig. 5. Active and reactive power components for the SM-DPC 

scheme. 

 

In order to achieve those simulation tasks, a computational 

tool known as Alternative Transient Program (ATP) is 

employed for modeling the electrical power system with the 

required accuracy for numerical simulations driven by 

computers. For example, in the present case the magnetizing 

characteristics of the power transformers and the transient 

models of electrical machines (synchronous compensators) 

are represented and models of long transmission lines are 

used. The simulated power system is shown if Figure 7, 

where the rectifier is indicated by VSC. Its parameters are 

presented in Table V. 

The rectifier behavior is analyzed considering two types 

of disturbances: 

• Disturbance Type 1: Phase-to-ground fault 

followed by reclosing of a transmission line 

A phase-to-ground short-circuit is applied to a busbar in 

the vicinity of the rectifier. Further, two reclosing actions 

take place: one unsuccessful and the other successful. These 

events expose the two rectifier control techniques to severe 

unbalance, due to the shunt fault, and distorted environments, 

due to the electromagnetic transient phenomena associated to 

the reclosing. 

• Disturbance Type 2: RL filter inductance 

deviation  

A deviation from -20% to -50% is imposed to the RL 

filter inductance value by means of an application of a 

negative step to the inductance initially implemented on the 

electrical network. This reveals the sensitivity of each 

technique response to variations in the filter inductance. 

TABLE V 

Rectifier Parameters 

Phase Voltage 230 VRMS 

Voltage Frequency 60 Hz 

Filter Resistance 0.1 Ω 

Filter Inductance 10 mH 

DC Bus Capacitor 1000 µF 

DC Bus Voltage Reference 600 V 

Load Resistance 100 Ω 

Sampling Frequency 20 kHz 

Switching Frequency 10 kHz 

Figures 6, 8, 9 and 10 show graphically a comparison of 

these results. 

 

Fig. 6. DC link voltage after disturbance type 1.  
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Fig. 7. Simulated power system to which the rectifier is connected. 

 

 

Fig. 8. Active power after disturbance type 1. 

As it can be seen by the results exposed in Figures 6 and 

8, the performance of the rectifier controlled by SM-DPC 

technique is better than the VOC scheme with respect to 

active power peak reduction. This reduction is an important 

question especially when controlling grid-converters used for 

driving wind generators, because power pulsation is 

associated to mechanical vibration, a situation that should be 

avoided. When comparing the DC link voltage, only a slight 

improvement is obtained with respect to the overshoot 

attenuation occurred when the disturbance is extinguished. 

 

Fig. 9. DC link voltage after disturbance type 2. 

It should be explained that the disturbance type 1 is very 

severe and it is hard to any technique to suppress the effects 

associated to such electromagnetic transients phenomena, 

SM-DPC rides through this abnormal conditions equally to 

VOC scheme in terms of THD% of the filter current,  in spite 

of being a more aggressive control technique than the current 

control adopted in most VOC schemes. Table VI presents a 

comparison of the currents THD%. From the results shown 

in Figures 9 and 10, the better performance presented by the 

newer technique over the traditional VOC is evident. 
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Fig. 10 Active power after disturbance type 2. 

TABLE VI 

Filter Current THD% 

Technique Disturbance type 1 Disturbance type 2  
VOC 31.98 20.74  

SM-DPC 31.21 6.9  

The results show a capacity of the SM-DPC to reject 

parameter variation. This improvement was introduced by 

the sliding mode control applied. The disturbance applied 

corresponded to a reduction of 50% in the RL filter 

inductance with the rectifier now connected to a more 

realistic electrical network. When comparing the quality of 

filter currents, the benefits can be seen in Table VI: the 

currents when the VOC scheme is applied present a THD% 

three times greater than that when the SM-DPC is used. 

V. EXPERIMENTAL RESULTS 

A prototype of the circuit shown in Figure 1 with the 

same parameters of Table IV was assembled for validating 

the proposed scheme. Both control algorithms were 

implemented digitally with a Texas Instruments 

TMS320F2812 fixed point digital signal processor. 

As it can be observed in Figures 11 and 12, the voltage 

waveform in the laboratory is quite distorted. From a 

spectrum analysis it has been verified that the distortion is 

caused mainly by the fifth harmonic component. For this 

reason, this harmonic component was added to the 

fundamental voltage signals in the simulations in Matlab. As 

expected, the SM-DPC current waveform presents a much 

less distorted waveform. During the experiments, it was 

observed that the amplitude and frequency of the grid voltage 

vector detected by the SRF-PLL oscillated as expected, due 

to the voltage waveform distortions. These distortions were 

successfully attenuated by the digital filters used to compute 

the virtual flux vector, thus contributing to the better 

performance of the SM-DPC proposed technique. 

VI. CONCLUSION 

A robust sliding mode control algorithm for direct power 

control of three-phase rectifiers was presented. The proposed 

technique has the advantages of good dynamic response, 

lower sensitivity to grid voltage unbalances and distortions 

than VOC schemes, constant switching frequency and almost 

sinusoidal output currents. 

 

Fig. 11 Phase a grid voltage and filter current obtained using the 

VOC scheme. 

 

 

Fig. 12 Phase a grid voltage and filter current obtained using the 

SM-DPC scheme. 

Robustness to parameter variations are guaranteed and a 

design example was considered for allowing variations in the 

filter inductance. Most characteristics of the proposed 

scheme were verified in the simulation and experimental 

results. It is worth mentioning that since no current control is 

used in DPC methods, a way of limiting the currents in an 

acceptable range is difficult task. Strategies for limiting the 

reference current in VOC rectifiers can be found in [20][21]. 

Similar work must be done for limiting current in DPC 

rectifiers. 
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