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Abstract— The switching table based direct power control 

(ST-DPC) of three-phase PWM rectifier is analyzed and an 

improved switching table (IST-DPC) is presented. The proposed 

switching schedule improves the quality of line current and 

results in better dynamic performances. In addition, the 

predictive direct power control (PDPC) of three-phase boost 

rectifier is presented and simulation results (in 

MATLAB/SIMULINK environment) are compared with those 

generated by ST-DPC and ISD-DPC approaches. Advantages and 

limitations of each control scheme are highlighted and conclusions 

regarding applications, quality of current waveforms and burden 

of calculations are presented. 
 

Index Terms-- Three-Phase Rectifier, PWM, Direct 

Power Control and Switching Table. 

I.  INTRODUCTION 

he simplest type of three-phase rectifier has a diode bridge 

circuit with a bulk storage capacitor on the dc side. This 

rectifier is simple and robust but has low input power 

factor, high level of line current harmonics and unidirectional 

power flow. Due to these limitations and considering the 

advances in power semiconductor devices and digital signal 

processors, three-phase PWM rectifiers (Fig. 1) have received 

more attention [1]. Main advantages of PWM rectifiers are: 

• bidirectional power flow, 

• regulation of dc side voltage, 

• sinusoidal line current and low harmonic distortion,  

• near unity power factor, and 

• reduced dc filter size. 

A conventional control method of the PWM rectifiers is 

voltage oriented control (VOC) which is based on the control 

of input current [2-3]. Although this method has fine dynamic 

and static characteristics via internal current control loops but 

its performance strongly depends on the quality of the applied 

current control strategy. 

Another common control approach for PWM rectifiers is 

based on instantaneous direct active and reactive power 

control and is called direct power control (DPC) [4-6]. On the 

basis of hysteresis controllers output and the position of supply 
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line voltage space vector, proper switching states are selected 

from a switching table (ST) for the next sampling period.  

This paper investigates the switching table approach for the 

control of PWM rectifiers and determines the corresponding 

switching states. An improved switching table (IST-DPC) with 

lower total current harmonic distortion and less burden of 

calculations is proposed. The performance of IST-DPC as 

compared with ST-DPC and the predictive direct power 

control (PDPC) [7] approach is also investigated 

II.  MATHEMATICAL MODEL OF RECTIFIER 

Figure 1 shows the structure of the three-phase boost PWM 

rectifier. R and L represent the line resistance and inductance, 

respectively. av , bv , cv  are line voltages and cav , cbv , ccv are 

ac side voltages of converter. Main equations of the converter 

(in dq coordinates) can be described as follows: 

cdvqiL
dt

ddi
Ldv +−= ω                                                 (1) 

cqvdiL
dt

qdi
Lqv ++= ω                                                 (2) 

where subscripts d and q represent the direct and the 

quadrature axis parameters, respectively.  

 

 

Fig 1 Three-phase boost type PWM rectifier 

 

The ac side voltages in respect to dc voltage and switching 

states in dq coordinates are: 
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III.  SWITCHING TABLE BASED DIRECT POWER CONTROL  

The switching table based direct power control (ST-DPC) 

approach uses the dc voltage error to generate command value 

for active power. Command value for reactive power is set 

zero which leads to unity power factor (Fig. 2).  

Active and reactive powers are calculated using line voltages 

and currents, and power errors are delivered to hysteresis 

controllers. By using controller’s outputs and the voltage space 

vector position, a voltage vector is selected from the switching 

table. The plain of voltage vector is shown in Fig. 3 and the 

corresponding switching table of DPC is presented in Table 1. 

 

 

Fig. 2 Block diagram of ST-DPC scheme. 

IV.  DETERMINATION OF SWITCHING TABLE 

Applying each voltage vector (Fig. 3) to converter causes a 

change in active and reactive power value, therefore for each 

condition and each sector of the voltage plane, one of the 7 

voltage vectors (that has the best effect) is selected. 

The equations of active and reactive powers in dq coordinates 

are: 

qiqvdidvp +=                                                   (5) 

qidvdiqvq −=                                                  (6) 

Assuming balanced line voltages, the rate of active and 

reactive power changes are as follows: 

dt

ddi

dv
dt

dp
=                                                       (7)  

dt

qdi

dv
dt

dq
−=                                                     (8) 

Neglecting qiLω  and diLω  terms, and reminding that the 

value of dv is constant, It could be written: 

cdvmv
dt

dp
−∝

2

3
                                             (9) 

cqv
dt

dq
∝                                                           (10) 

where mv  is the amplitude of line voltage. 

 

 

Fig. 3 Twelve sectors of the voltage plane used in ST-DPC 

 

TABLE I  

SWITCHING STATE TABLE USED IN THE ST-DPC SCHEME [5]   

sector 

12 11 10 9 8 7 6 5 4 3 2 1 
dq dp 

7 5 8 4 7 3 8 2 7 1 8 6 0 

7 7 8 8 7 7 8 8 7 7 8 8 1 
1 

6 5 5 4 4 3 3 2 2 1 1 6 0 

1 6 6 5 5 4 4 3 3 2 2 1 1 
0 

When active and reactive powers are controllable, 
dt

dp
 and 

dt

dq
 can become positive and negative. The maximum value of  

cdv  and cqv  is dcV
3

2
, therefore, the minimum value of 

dcV  to have a controllable active power is mv3  [6]. 

Applying each voltage vector for the interval πω 20 ≤≤ t , we 

have sinusoidal cdv  and cqv as shown in Fig. 4. Using this 

Figure we can determine suitable voltage vectors for every 

condition. 

Considering Fig. 4 we realize that all switching states in Table 

1 are suitable except the first row. For the first row 

( 0,1 == qp dd ) there is a better choice as shown by the 

proposed switching schedule of Table 2. In this switching 

table, first row of the conventional switching table is changed 

to obtain better dynamics performance and lower current 

THD. 
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Fig. 4 cdv  and cqv by applying voltage vectors 

V.  PREDICTIVE CONTROL STRATEGY  

Fig. 5 shows the block diagram of predictive direct power 

control (PDPC) [7]. By using Eqs. 1-2 and 5-6, the reference 

values of rectifier voltage can be obtained. 

TABLE II  

PROPOSED SWITCHING TABLE FOR THE IST-DPC SCHEME 

sector 

12 11 10 9 8 7 6 5 4 3 2 1 
dq dp 

5 4 4 3 3 2 2 1 1 6 6 5 0 

7 7 8 8 7 7 8 8 7 7 8 8 1 
1 

6 5 5 4 4 3 3 2 2 1 1 6 0 

1 6 6 5 5 4 4 3 3 2 2 1 1 
0 
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where P
*
 is active power reference, P and Q are actual active 

and reactive powers and TS is the sampling time. )1k(cdv +  

and )1k(vcq +  are calculated from Eqs. 3-4 for all voltage 

vectors and the vector that minimizes Eq. 13 is selected. 

))1()(
*

())1()(
*

( +−++−= kcqvkcqvjkcdvkcdvJ     (13) 

 

 

Fig. 5 Block diagram of PDPC scheme. 

 

VI.  SIMULATION RESULTS 

Simulations have been performed for ST-DPC, IST-DPC and 

PDPC methods using the Matlab/Simulink software.  

System parameters are presented in Table 3. Simulations 

results for a step change in command value of active power 

from 2kw to 4kw are compared in Fig.6. It is clear that 

reactive power in ST-DPC has more ripples and therefore its 

line current has a higher THD. In PDPC method reactive 

power is smoother and its line current has a lower THD (Fig. 

7). Table 4 presents the THD of the line current for the three 

control approaches. In order to compare the switching losses, 

the number of switching actions in a specified time is used as 

an index. Figure 8 illustrates the numbers of switching versus 

time for the three corresponding control approaches.  

As expected, the PDPC approach has better line current 

quality (e.g., THD= 4.3%) and shorter response time, 

however, it requires longer computing time (e.g., more number 

of switching actions as presented in Fig. 8) and its 

performance depends on line parameters. 

It can be observed that IST-DPC successfully tracks command 

active power and effectively limits reactive power to zero. Fig. 

7 shows the line current for a sinusoidal supply voltage. It is 

clear that current quality in IST-DPC is as well as PDPC, 

however, the switching losses in IST-DPC are lower than other 

methods. 
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               Fig. 6 Simulation results for a step change in active power 

 
TABLE III  

PARAMETERS OF THE POWER CIRCUIT 

220 V Line voltage amplitude ( mv ) 

50 Hz Line frequency (f ) 

500 V DC bus voltage ( dcV ) 

0.1 � Line resistance (R) 

10 mH Line inductance (L) 

500 µF DC link capacitor (C) 

50 kHz Sampling frequency ( sf ) 

 

 

TABLE IV  

THD OF LINE CURRENT 

THD [%] 

PDPC IDPC DPC 

Supply voltage 

4.3 5 6 Sinusoidal 

8.9 7.8 7.5 
Non-sinusoidal  

( 5 % of  fifth harmonic 

 

 

 

 

     Fig. 7 Line current waveforms for sinusoidal supply voltages 

 

Fig. 8 Number of switching  

VII.  CONCLUSIONS 

In this paper the switching table based direct power control 

approach of three-phase PWM rectifier is analyzed and an 

improved switching table is presented. The performance of the 

proposed control scheme as compared with the conventional 

ST-DPC and PDPC methods is investigated. Based on the 

simulations results:  

• All three control approaches track the command active 

power and effectively limit reactive power.    

• The PDPC approach has the lowest line current harmonic 

distortion; however, it requires longer computing time and 

its performance depends on line parameters. 

• The current quality of the proposed IST-DPC approach is 

better than the ST-DPC and is as low as the PDPC. 

• IST-DPC requires less switching actions as compared with 

the other two control methods. 

The performance of the proposed IST-DPC approach is better 

than the conventional ST-DPC and comparable with the 

PDPC; however, it is a superior choice since it has higher 

efficiency due to less number of required switching actions.  

ST-DPC 

IST-DPC 

PDPC 

IST-DPC 

PDPC 
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