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Abstract: The conventional pulse-width modulation rectifier has the low power factor and more sensors to detect the 
voltage and current of alternating current side. The traditional direct power control method possesses the defect of unfixed 
switching frequency. A new method based on three-phase voltage source pulse-width modulation rectifier with high pow-
er factor based on direct power control is proposed in this paper. With the analysis of the formation mechanism of the 
switch table, the stationary coordinate is divided into 12 vectors to optimize the input voltages. Virtual flux estimator is 
introduced to replace voltage sensors. Instantaneous power theory is used to calculate the estimated virtual flux active and 
reactive power with outer voltage and inner power loop control mode. The direct power control strategy of space vector 
modulation is introduced to provide the fixed switching frequency on pulse-width modulation. The experimental results 
show that the direct power control system has good dynamic response, so as to achieve active power and reactive power 
control, which ensures that the input side of the unity power factor control. It is illustrated that this method can achieve 
higher power factor and total lower harmonic disturbance than the conventional current control strategy. 
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1. INTRODUCTION 

The usage of a diode bridge circuit in there-phase 
rectifiers is simple, robust, and low in cost, however, it has 
various disadvantages such as, unidirectional power flow, 
low power factor, high level of harmonic input currents etc 
[1]. Therefore, research on three-phase rectifiers (converters) 
has grown rapidly over the past few years due to some of 
their important advantages, including power regeneration 
capabilities, control of Dc-bus voltage, low harmonic 
distortion of input currents, and high power factor (usually, 
near unity) [2-5]. 

The pulse-width modulation (PWM) rectifier has the 
advantages, such as constant direct curent (DC) voltage 
control, low harmonics of the grid side current, energy 
double-diretional flow, to apply widely in rectification, 
active filtering, reactive power compensation and alternating 
current (AC) drive systems. The control strategies of PWM 
rectifier include indirect current control, direct current 
control and direct power control (DPC)[6-10]. In order to 
obtain the high power factor and near-sinusoidal current 
waveforms, various control strategies have been proposed in 
the recent work on this type of PWM converter.  

DPC system was proposed by Tokuo Ohnishi in the early 
90s of 20th century, and was obtained through further study 
by Toshihiko Noguchi [11]. DPC is based on the 
instantaneous active and reactive power control loops, which  
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has the simple algorithm and structure and low THD. The 
traditional DPC uses hysteresis regulator and selects voltage 
vectors while considering the lookup table. Its advantages do 
not need to rotate the coordinate transformation, simple 
control structrure and fast dynamic responses. However, this 
method has the disadvantages including switching frequency 
unfixed, the requirement of fast processor and A/D 
transducer [12, 13], which are difficult to realize in the 
industrial applications. Additionally, there is no internal 
current control in the DPC.  

In PWM rectifier control stategies, traditional voltage 
oriented method is used for multiple sensors as the its circuit 
structure is complex and it undergoes big error. The virtual 
grid flux oriented method not only saves the grid voltage 
sensors, but the virtual flux (VF) accurate estimation also has 
a good inhibitory effect on the interference signal of the 
measurement. 

This paper presents a new method of PWM rectifier DPC 
with SVPWM based on VF. By means of instantaneous 
reactive power theory, reactive power and active power are 
calculated. The VF oriented is adopted to DPC system. With 
theoretical voltage sector and switching state selection, space 
vector modulation (SVM) regulator is introduced in DPC to 
replace the hysteresis regulator. Simulation and experiment 
will verify the characteristics of the proposed method.  

2. THE MATHMATICAL MODEL OF BOOST-TYPE 
PWM RECTIFIER 

The three phase Boost-type PWM recitfier topology is 
shown in Fig. (1), in which R and L represent the stator 
resistance and the stator leakage inductance of the virtual 

____________________________________________ 
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motor ; ua，ub，uc are line-to-line voltage, respectively; Ia，

Ib，Ic are grid side current, respectively; RL is the load 
resistance; and C is the smoothing capacitor.  

The mathematical model of two-phase stationary (αβ) 
coordinates is as follows: 
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The mathematical model of two-phase rotating (dq) 
coordinates is as follows: 
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where, k is the sampling time, T is the sampling period, 
uα(k), uβ(k), iα(k), iβ(k) are supply volatge and current values  
 

of the k sampling cycle in two-phase stationary (αβ) 
coordinates, and ud(k), uq(k), id (k), iq(k) are supply volatge 
and current values of the k sampling cycle in two-phase 
rotating (dq) coordinates, usα(k), usβ(k), usd(k), usq(k) are input 
voltage values of the k sampling cycle in (αβ) coordinates 
and (dq) coordinates, respectively. 

3. POWER ESTIMATION BASED ON VIRTUAL 
FLUX 

DPC is based on the instantaneous active and reactive 
power control loops. Because the converter switching states 
are selected by a switching table, which is based on the 
instantaneous errors between the commanded and estimated 
values of active and reactive power, there are no internal 
current control loops and no PWM modulator block in DPC 
system [7, 8]. Therefore, the key point of the DPC 
implementation is a correct and fast estimation of the active 
and reactive power line power.  
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Fig. (1). Main circuit of Boost-type PWM rectifier. 
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Fig. (2). Relationship between VF and line voltage in stationary αβ coordinates. 
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3.1. Estimation of Virtual Flux 

With VF observer instead of AC side voltage sensors, 
PWM rectifier device reduces its volume, saves the cost, and 
realizes the isolation of main circuit and control circuit. Also, 
this method can impove power factor and reliability etc. VF 
is considered as the phase reference point. The concept of 
VF originates from the virtual generator. As shown in Fig. 
(2), the gridlines part in diagram is seen as AC motor, and 
are the virtual motor stator resistance and leakage inductance. 
The line voltage is generated by virtual air gap flux induction. 
The virtual flux is behind virtual induction electromotive 
force of 90 electrical degrees. The relationship between the 
VF and line voltage in a two-phase stationary αβ coordinates 
system is shown in Fig. (3). 

Where:  

ψL—VF vector of line; 

vs—converter voltage vector; 

uL—line voltage vector;  

uI—inductance voltage vector; 

iL—line current vector. 
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Based on the measured DC-link voltage Udc and the duty 
cycles of modulator Sa， Sb， Sc the virtual flux ψL 
components are calculated in stationary (αβ) coordinates 
system as follows: 
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R can be neglected, AC side voltage equation is: 
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3.2. Active and Reactive Power Estimator 
Using complex notation, the instantaneous power can be 

calculated as follows: 
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Fig. (3). Configuration of VF-DPC. 
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p = Re(uL ! iL )

q = Im (uL ! iL )
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Line current vector is: 
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Where iL denotes conjugate of the line current vector. 
The line voltage can be expressed by the VF as 

uL =
d
dt
! L =

d
dt
(! L e

j"t ) =
d ! L

dt
e j"t + j"! L  (10) 

If the line voltage are assumed to be sinusoidal and 
balanced, the derivatives of the flux amplitudes are zero. The 
instantaneous active and reactive powers can be reduced as 
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4. DPC SYSTEM WITH SPACE VECTOR MODULA-
TION BASED ON VIRTUAL FLUX 

The DPC system based on VF is shown in Fig. (3). the 
active power p and active power q are obtained by VF and 
power estimation. p and q are compared with the given value 
p* and q*. These comparison results are put into power 
hysteresis comparator to acquire the reflected power offset 
switching quantities, which are used to select switching table 
variable with sector selection signals. Therefore, the fast and 
accurate VF and power estimation are very important. 

4.1. Principle of DPC and the Value of Sp and Sq 

Based on the measured DC-link voltage Udc and the 
present switch states Sa , Sb and Sc , the next switch states are 
derived. The active power command p* is provided from a  
 

dc-bus voltage control block, while the reactive power 
command q* is directly given from the outside of the 
controller (q* is set to 0, to achieve unity power factor 
control). Errors between the commands and the estimated 
feedback power are input to the hysteretic comparators and 
digitized to the signals Sp and Sq, whereas the digitized error 
signals Sp, Sq and the line voltage vector position γUL = 
arctg(uLβ/uLβ) are input to the switching table in which every 
switching state Sa , Sb and Sc, of the converter is stored in a 
switching table, then by accessing the address of the lookup 
table the appropriate voltage vector is selected from a 
switching table.  

The digitized output signal of the active power Sp and 
reactive power Sq controller are defined as: 
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Where, Hp, and Hq are the hysteretic band, which deter-
mines the control precision and the rectifier switching fre-
quency. 

4.2. Switching Table 

The switch states Sa, Sb, Sc of DPC system are deter-
mined on the basis of (7) and (8). The values (Sa, Sb, Sc) de-
pend on Ur, which are the discrete values of U0, U1, U2,..., U7. 
(Sa, Sb, Sc) and Udc determines the value of Ur. (Sa, Sb, Sc 
=000-111) corresponds to U0 - U7 as: U0(000), U1(100), 
U2(110), U3(010), U4(011), U5(001), U6(101), and U7(111). 
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Vector distribution is shown in Fig. (4). 
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Fig. (4). Space vectors of DPC system. 
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Fig. (5). Twelve sectors on stationary coordinates to specify voltage vector. 
 

Table 1. Switching table for direct instantaneous power control. 

Sp Sq θ1 θ2 θ3 θ4 θ6 θ7 θ8 θ9 θ10 θ11 θ12 

1 0 101 111 100 000 111 010 000 011 111 001 000 

1 1 111 111 000 000 111 000 000 111 111 000 000 

0 0 101 100 100 110 010 010 011 011 001 001 101 

0 1 100 100 100 100 100 100 100 100 100 100 100 
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Fig. (6). Block scheme of DPC-SVM. 
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Fig. (7). The Matlab/Simulink platform of DPC-SVPWM based on VF. 

 
Fig. (8a). DC-link voltage waveform. 

 

Fig. (8b). Instantaneous active power and reactive power waveform. 
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Fig. (8c). Transient test results of the power step change of p=8kw to 2kw. 

 
Fig. (8d). Transient test results of the power step change of p=2kw to 8kw. 
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In order to optimize the rectifier input voltage vector, the 
stationary coordinates are divided into 12 sectors, as shown 
in Fig. (5), (θn = arctguβ/uα) and the sectors can be expressed 
as: 

(n ! 2)! / 6 ""n " (n !1)! / 6 n =1,2,###,12  (15) 

Table 1 is a switching table of VF-DPC, Table 1 sets the 
zero space vectors to reduce the frequency and switch off the 
load and power without energy exchange. 

4.3. DPC with Space Vector Modulation 

Derived from the conventional three-phase Boost-type 
PWM rectifier DPC system, the control configuration of 
DPC with space vector modulation system is built as shown 
in Fig. (6). Different from the traditional VF-DPC, for PWM 
devices, space vector modulation (SVM) is adopted in DPC 
instead of switching logic table.  

The instantaneous active and reactive power estimation 
values p and q with the given p* and q*, respectively are 
compared and input to PI regulator, to obtain the rectifier 
input voltage (dq) coordinates value usd and usq. They are 
transformed to (αβ) coordinates values usα and usβ. The equa-
tion is as follows: 
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where, γψL= arctan(ψα/ψβ) is a vector angle of VF under two-
phase stationary (αβ) coordinates. 

Finally, the space vector modulation is used to obtain the 
PWM switching signals, which control the power devices in 
a rectifier. 

5. EXPERIMENTAL RESULTS AND ANALYSIS 

To study the operation of DPC-SVM based on VF, it is 
implemented in Matlab/Simulink environment, as shown in 
Fig. (7). The main parameters: AC side voltage value Em = 
380V, DC-link voltage set value Udc = 650V, AC side filter 
inductance value L = 5mH, the equivalent resistance value R 
= 0.5Ω, DC-link capacitor C = 4700µF, the PWM period is 
0.0002µs. The PI regulators parameters of active power p 
and reactive power q are similar: KP = 8, KI = 0.08. The PI 
regulator parameters of DC-link voltage are: KPdc = 4.7, and 
KIdc = 0.004. The PWM rectifier output waveforms are 
shown in Fig. (8).  

DC-link voltage waveform is shown in Fig. (8a). It is 
seen that DC voltage is increased from 0 to 600V, less than 
15ms of the time; the dynamic response of this system is 
very fast. The voltage value is stable to 650V in about 40ms. 

Instantaneous active power and reactive power waveform 
is shown in Fig. (8b), in which instantaneous active power 
(given 4KW) is stable, reactive power fluctuates around 0. 
They have good stability.  

Figs. (8c) and (8d) illustrate the effect of DC side load on 
the operation of system. In Fig. (8c), the active power p 
changes from 8KW to 2KW in about 0.1ms. In this time point, 
the rectifier state changes to the inverter state, the bidirec-
tional flow of energy is realized and power factor is near -1 
during system inverting. After this, the system is back to 
rectifier and stable to low active power. In Fig. (8b), the re-
active power p changes from 2KW to 8KW in about 0.1ms. 
After the transient, the system is stable to high active power.  

CONCLUSION 

A conventional three-phase voltage PWM rectifier in-
volves four types of sensors: AC voltage sensors, AC current 
sensors, DC voltages sensors and DC current sensors. They 
play very important roles in direct power control on PWM 
rectifier. The control strategy of direct power based on virtu-
al flux is discussed in this paper. The orientation of virtual 
flux is applied to the three-phase PWM rectifier direct power 
control. This method can not only remove the sensor of grid 
voltage detection, but also enhance the system’s reliability. 
The space vector modulation is combined in the control 
strategy of direct power based on virtual flux. 

According to the analysis of the formation mechanism of 
the switch table, there are 12 vectors in the stationary coor-
dinate so as to optimize the input voltages. This method uses 
the estimated VF vector instead of the line voltage vector in 
the control. Virtual flux estimator is adopted to replace volt-
age sensors. Virtual flux active and reactive power are esti-
mated by Instantaneous power theory. Space vector modela-
tion is introduced to direct power control strategy in order to 
provide the fixed switching frequency on pulse-width modu-
lation. The experimental results show that the direct power 
control system has good dynamic response, so as to achieve 
active and reactive power control, which ensures that the 
input side of the unity power factor is in control. It is illus-
trated that this method can achieve higher power factor and 
total lower harmonic distortion as compared to the conven-
tional current control strategy. 
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