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Abstract:
This article reviews the direct power control methods of three-phase voltage-type PWM rectifiers, including those based 
on virtual flux linkage (VF-DPC), model prediction (MP-DPC), and dual switch table. First, the basic topology of the 
three-phase voltage-type PWM rectifier is introduced, and its key role in the energy conversion process is explained. 
Subsequently, the implementation mechanisms, advantages and disadvantages of various direct power control strategies 
and their performance in practical applications are comparatively analyzed. Finally, the article looks forward to future 
development trends in three-phase voltage-type PWM rectifier direct power control technology, and points out directions 
for further research, including algorithm optimization, hardware implementation, and broader application promotion.
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1. Introduction
In the realm of power electronics, rectifiers are key de-
vices for AC/DC conversion. Since the 1980s, the focus 
has shifted to Pulse Width Modulation rectifiers, noted for 
their superior performance. This interest was ignited by 
advances in PWM techniques and self-commutating de-
vices. In 1984, Akagi Hirofumi and colleagues introduced 
a PWM rectifier-based reactive power compensation strat-
egy, foundational for early voltage-type PWM rectifiers 
[1]. By the late 1980s, further developments were made 
by A.W. Green and others who offered dynamic mathe-
matical models for PWM rectifiers, utilizing coordinate 
transformation and sophisticated control strategies [2]. 
PWM rectifiers continue to be a prominent research topic, 
influencing fields like active power filters, HVDC trans-
mission, and Unified Power Flow Controllers.
Recent years have seen a surge in interest in direct pow-
er control of three-phase voltage-type PWM rectifiers, 
known for its straightforward method, strong anti-inter-
ference capability, and excellent dynamic performance, 
which allows for decoupling control of active and reactive 
power [3]. This article will introduce the topology of the 
main circuit of the three-phase voltage-type PWM recti-
fier, analyze and compare the control strategy based on 
DPC, and on this basis, look forward to the control strate-
gy of the PWM rectifier.

2. Topology of three-phase voltage 
PWM rectifier
Currently, for applications requiring lower power, em-
phasis has shifted towards reducing the number of power 
switches and enhancing direct current output characteris-
tics [4]. In contrast, high-power applications predominant-
ly concentrate on multilevel technology, combinations of 
converters, and soft-switching techniques [5].
Two-level and three-level PWM rectifier structures repre-
sent mature topologies with widespread adoption in indus-
trial applications [6]. Figure 1 shows the three-phase half-
bridge VSR topology [7]. During the working process, the 
working states of the two switching tubes of each bridge 
arm are exactly opposite and in a complementary state. 
The voltages ua0 , ub0  and uc0  at the midpoint of each 
phase bridge arm have two levels: 0 and Udc .
The conventional two-level topology, limited by high-
er harmonic content at low switching frequencies, has 
been improved with a three-level VSR topology using 
midpoint clamping. This approach uses series-connected 
power switches and diode clamping to achieve three-level 
modulation, significantly reducing harmonic generation 
and suiting high-voltage applications. Figure 2 shows the 
topology of the three-phase three-level VSR main circuit. 
Each phase bridge arm is composed of four switching 
tubes and two clamping diodes. The voltages ua0 , ub0  
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and uc0  at the midpoint of each phase bridge arm have 

three levels: −
U

2
dc , 0 and +

U
2
dc .

Figure 1: Three-phase half-bridge VSR 
topology

Figure 2: Three-phase three-level VSR 
topology

3. Direct power control method (DPC)
Direct Power Control(DPC) systems employ a dual-loop 
control strategy, the external loop maintains a stable volt-
age on the DC side, while the internal loop focuses on 
controlling instantaneous power. Within this framework, 
the aim of DPC PWM rectifiers is to precisely regulate 
the input currents by modulating instantaneous active 
and reactive powers, while keeping the AC side voltage 
constant. This methodology enables the rectifier to deliver 
the necessary power factor and direction of power flow, 
fulfilling the system’s performance criteria [8].

3.1 Direct power control (VF-DPC) based on 
virtual flux linkage
The principle of the virtual flux control method is to treat 
the grid side of the PWM rectifier as a virtual AC motor [9]. 
The active power P and reactive power Q of the motor are 
determined by applying the voltage and current state vari-
ables of the motor, as well as motor parameters such as 
stator resistance Rs  and inductance Ls , which are directly 
controlled. The system control block diagram of VF-DPC 
is shown in the Figure 3.

Figure 3: Topology of VF-DPC
The calculation model (1) of the flux linkage can be ob-
tained by integrating the voltage equation and the time 
derivative term of the current.

	 ψ L sα α= +∫ 
 
 
u L dtdi

dt
Lα � (1a)

	 ψ L sβ β= +∫
 
 
 
u L dt

di
dt

Lβ � (1b)

Furthermore, the reactive power Q and the active power P 
can be calculated by the following equations:

	 Q i i i i= − + + −
dψ
dt dx

α
β α β α α β

dψ β ω ψ ψ( ) � (2)

	 P i i i i= + + −
dψ
dt dt

α
α β α β β α

dψ β ω ψ ψ( ) � (3)

Because the grid voltage is a three-phase sinusoidal bal-
anced symmetrical voltage, the amplitude of the flux link-

age is constant, that is, 
d
dt
ψ

= 0 . The calculation formula 

of instantaneous active and reactive power is:

	 P i i= −ω ψ ψ( L Lα β β α ) � (4)

	 Q i i= +ω ψ ψ( L Lα α β β ) � (5)

The virtual flux linkage-based direct power control (VF-
DPC) strategy presents several advantages in the field 
of power electronics. This approach significantly reduc-
es reliance on high sampling rates, which curtails data 
processing needs and facilitates system implementation. 
Additionally, it effectively minimizes total harmonic dis-
tortion of the current, enhancing power quality even under 
less-than-ideal grid voltage conditions. VF-DPC also 
simplifies control loop design by eliminating the need for 
traditional PI regulators, and it adapts well to voltage fluc-
tuations, thereby enhancing system robustness.
Conversely, VF-DPC faces certain challenges and limita-
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tions. It does not resolve the issue of unfixed switching 
frequencies, which could impact the system’s electro-
magnetic compatibility and noise levels. The strategy’s 
performance heavily relies on the accurate estimation of 
virtual flux linkages, necessitating robust algorithmic sup-
port. Furthermore, implementing VF-DPC requires com-
plex control algorithms, increasing software development 
complexity and demanding higher processor capabilities, 
complicating its application and optimization in practical 
settings.

3.2 Direct power control based on double 
switch table
Traditional switch tables are designed for simultaneous 
control of active and reactive power, in order to balance 
P & Q using a single voltage vector [10]. However, in 
practice, the selected voltage vector might regulate active 
power more effectively than reactive power, which might 
impact the overall response speed of the system.
To address issues such as the reactive power deviation 
not being confined within the wide range of the hystere-
sis loop, an improved DPC method introduces a double 
switch table selection strategy. This method sets a devia-
tion threshold for reactive power at M. For small reactive 
power deviation (| △ Q|<M), the traditional switch table 
I is used to minimize system switching losses. For larger 
deviations (| △ Q|≥M), switch table II that has a stron-
ger reactive power adjustment capability, is employed to 
quickly confine the reactive power within the hysteresis 
loop’s limits. Figure 4 shows the topology of double 
switch table based DPC.

Figure 4: DPC topology based on double 
switch table strategy

This strategy proposes a new simplified method to deter-
mine the sector where the power supply voltage phasor u

.

s  
is located. This method only needs to determine the spatial 
position of u

.

s  based on the detected two phase-voltages 
ea  and eb  ( As shown in Figure 5) by analyzing their re-

lationship with the phase voltage peak Um ,  significantly 
simplifying the traditional calculation process.

Figure 5: Phase voltage at alternating side
As shown in Table 1, the DPC improvement method pro-
posed in this strategy directly determines the sector where 
the power supply voltage phasor u

.

s  is located according 
to the method in Table 1.

Table 1: Sector division of power-source 
voltage vector

Double switch table DPC systems solve the problem of 
periodic fluctuations in reactive power inherent in tradi-
tional DPC strategies, optimizing efficiency and mini-
mizing switching losses by utilizing different switching 
phasors that suit the system’s active and reactive power 
needs. This strategy enhances the starting transient by re-
ducing fluctuations in DC-side voltage and power during 
motor starting, thus mitigating dynamic instability. It also 
optimizes steady-state performance by effectively sup-
pressing DC voltage fluctuations under load interference 
and improves power tracking speed and enhances control 
immediacy by independently adjusting active and reactive 
power.
However, integrating an additional switch table increases 
complexities and potential drawbacks. The enhanced con-
trol scheme demands more complicated algorithm design 
and places higher demands on switching devices due to 
frequent state changes needed for independent power 
adjustments. Additionally, this independent regulation of 
power can lead to potential control delays, especially un-
der rapidly changing power conditions, posing challenges 
for maintaining system stability and responsiveness.
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3.3 Direct power control based on three-vec-
tor model prediction
Model Predictive Control (MPC) utilizes a precise math-
ematical model of the pulse width modulation rectifier to 
predict key electrical parameters. This control strategy de-
velops an objective function tailored to meet the specific 
requirements of the system. By optimizing this objective 
function, MPC accurately determines the optimal electro-
motive force vector [11].
When integrated with Direct Power Control (DPC), it 
forms Model Predictive Direct Power Control (MP-DPC) 
[12]. This approach redefines the objective function to 
minimize the error between the actual and target instan-
taneous power values. Unlike traditional DPC, MP-DPC 
does not use a preset switching table. Instead, it selects 
the electromotive force vector by optimizing the objective 
function. The three-vector MP-DPC algorithm employs 
two adjacent non-zero vectors and one zero vector within 
a control cycle, enhancing the sinusoidal quality of the 
grid-side current and reducing instantaneous power ripple 
while maintaining a fixed switching frequency [13]. Fig-
ure 6 illustrates the MP-DPC control block diagram.

Figure 6: Control diagram of MP-DPC
If the power grid is unbalanced and only the fundamental 
wave component of the grid electromotive force is consid-
ered, E can be expressed in the dq coordinate system as:

	 E e E e E= +j t P j t Nω ω
dq dq

− � (6)

According to the new instantaneous power theory, the ex-
pression of the new instantaneous power in the two-phase 
stationary αβ coordinate system is equation (7) and the 
change rate of the new instantaneous active and reactive 
power can be expressed as equation (8).

	
 
 
 Q

P
nov =1.5

   
   
   e e iα β β

e e iα β α

, ,H H
� (7)








  


dQ di
dt dt dt dt dt

nov
= + + +

dP de di
dt dt dt dt dt

1.5 8

= + + +

 

 
 

1.5

deα

 
 

,H i e i e

α α

α α β β

i e i eα α β β

, ,H H
α de di

de di

β β

β β

,H ( )

Under the condition of unbalanced power grid, the differ-
ential form of vector E is:

	 dE
dt

= −j E e j E eω ωdq dq
P j t N j tω ω− � (9)

Putting equation (6) into equation (9), equation (10) can 
be derived. From Equation (10), the rates of change of the 
α and β components of the vector E in the αβ coordinate 
system can be derived. By combining Equations (8), (11) 
the differential expression (12) for the novel instantaneous 
power can be obtained.

	 dE
dt

= −ωEH � (10)

	





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de

de
dt

dt

α

β

= −

= −

ω

ω

e

e
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H

H
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(
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dt L L
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= + − − −
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(e e e e R Qα β β β
2 2 ) ω
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nov;
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� (12)

This strategy offers several practical advantages, including 
low harmonic content, which improves power quality by 
reducing the harmonic component of the grid-side current. 
It also minimizes instantaneous power pulsations, enhanc-
ing system stability, and maintains a fixed switching fre-
quency, which simplifies driver design and reduces costs. 
Additionally, it is well-suited for unbalanced power grid 
conditions, demonstrating strong adaptability.

Correspondingly, the complexity of MP-DPC control is 
higher than that of traditional methods, demanding in-
creased computing resources and necessitating enhance-
ments to the control system. This complexity also leads 
to higher initial implementation costs due to the need for 
high-performance hardware. Furthermore, the system’s 
effectiveness heavily relies on accurate models and pa-
rameters, making it sensitive to model errors and param-
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eter uncertainties. These aspects underscore the need for 
ongoing development and refinement of control strategies 
for three-phase rectifiers.

4. Prospects of direct power control
As industrial systems increasingly require higher power 
quality and system efficiency, traditional direct power 
control (DPC) strategies are being rigorously re-evaluat-
ed and optimized. Recent research on DPC strategies for 
three-phase rectifiers has focused on several promising 
areas. To address issues like high current harmonics and 
power fluctuations under unbalanced grid conditions, new 
model predictive control strategies are being developed. 
These strategies optimize the objective function to select 
the optimal voltage vector. Additionally, the application 
of nonlinear control strategies is becoming an important 
trend. Although nonlinear control theory is still immature, 
its potential for providing accurate linearization models 
and decoupling active and reactive power components is 
promising. Furthermore, sensorless control technology, 
which uses current observers to estimate grid-side current, 
has gained attention for its ability to enhance dynamic 
performance and reduce costs. Finally, integrating intelli-
gent control technologies such as fuzzy logic and neural 
networks can create more effective control schemes. These 
techniques leverage the intelligent reasoning of fuzzy log-
ic and the self-learning capabilities of neural networks to 
potentially further improve rectifier performance.

5. Conclusion
In summary, the development of direct power control 
for three-phase PWM rectifiers has evolved from ba-
sic approaches to more complex and efficient strategies 
that meet dynamic performance requirements and pow-
er quality standards. Innovations such as virtual flux 
linkage-based DPC, model prediction-based DPC, and 
dual-switch table-based DPC have brought significant 
improvements, including reduced harmonic distortion and 
enhanced system responsiveness. These developments 
highlight the critical role of precise control and optimiza-
tion algorithms in modern power electronics technology. 
Looking ahead, future research may focus on improving 
control algorithms, integrating with renewable energy 
sources, and enhancing higher power system applications 
to ensure that DPC technology can continue to meet the 
growing needs of industrial systems.

6. References
[1] Green, A., Boys, J., & Gates, G. (1988). 3-phase voltage 
sourced reversible rectifier. IEE Proceedings B Electric Power 

Applications, 135(6), 362-370.
[2] Zhou, Z., Song, J., Yu, Y., Xu, Q., & Zhou, X. (2023). 
Research on High-Quality Control Technology for Three-Phase 
PWM Rectifier. Electronics (Switzerland), 12(11). https://doi.
org/10.3390/electronics12112417
[3] Hu, J., Shang, L., He, Y., & Zhu, Z. Q. (2011). Direct 
active and reactive power regulation of grid-connected DC/
AC converters using sliding mode control approach. IEEE 
Transactions on Power Electronics, 26(1). https://doi.
org/10.1109/TPEL.2010.2057518
[4] Liu, F., Xia, Y., Yang, L., & Zhang, B. (2024). Feedback 
Linearization Sliding Mode Control Strategy for Three-Phase 
Voltage PWM Rectifier Based on New Variable Speed Reaching 
Law. Electronics (Switzerland), 13(5). https://doi.org/10.3390/
electronics13050960
[5] Farnesi, S., Marchesoni, M., Passalacqua, M., & Vaccaro, L. 
(2019). Soft-switching cells for Modular Multilevel Converters 
for efficient grid integration of renewable sources. AIMS Energy, 
7(3). https://doi.org/10.3934/energy.2019.3.246
[6] Wu, F., Zhao, J., Liu, Y., Zhou, D., & Luo, H. (2018). 
Primary Source Inductive Energy Analysis Based Real-Time 
Multiple Open-Circuit Fault Diagnosis in Two-Level Three-
Phase PWM Boost Rectifier. IEEE Transactions on Power 
Electronics, 33(4). https://doi.org/10.1109/TPEL.2017.2704589
[7] Sivamani, S., & Mohan, V. (2022). A Three-Phase Reduced 
Switch Count Multilevel Inverter Topology. International 
Transactions on Electrical Energy Systems, 2022. https://doi.
org/10.1155/2022/6193731
[8] Hou, B., Qi, J., & Li, H. (2024). Robust Direct Power 
Control of Three-Phase PWM Rectifier with Mismatched 
Disturbances. IEEE Transactions on Power Electronics, 13(8). 
https://doi.org/10.3390/electronics13081476
[9] Malinowski, M., Kazmierkowski, M. & Trzynadlowski, A. 
(2003). A comparative study of control techniques for PWM 
rectifiers in AC adjustable speed drives. IEEE Transactions on 
Power Electronics, 18(6), 1390-1396.
[10] Wang, J. & Li, H. (2005). A new direct power control 
strategy of three phase boost type PWM rectifiers. CSEE, 
25(16),47-52.
[11] Arif, B., Tarisciotti, L., Zanchetta, P. (2015). Grid parameter 
estimation using model predictive direct power control. IEEE 
Transactions on Industry Applications, 51(6), 4614-4622.
[12] Tang, N., Xiao, X. (2013). Direct power control for sliding 
mode variable structure of permanent-magnet direct drive wind 
power generator. Guangdong Electric Power, 26(12), 64-69.
[13] Li, H., Lin, M., Yin, M., Ai, J., & Le, W. (2019). Three-
Vector-Based Low-Complexity Model Predictive Direct Power 
Control Strategy for PWM Rectifier Without Voltage Sensors. 
IEEE Journal of Emerging and Selected Topics in Power 
Electronics, 7(1). https://doi.org/10.1109/JESTPE.2018.2871332

5




