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Abstract 

 
This paper proposes a novel direct power control (DPC) strategy for neutral-point-clamped (NPC) three-level rectifiers, to directly 

control the active power, the reactive power and the neutral point potential of the rectifiers by referring to three pre-calculated vector 
influence tables and minimizing an objective function. In the three vector influence tables, the influences of different voltage vectors 
on the active power, the reactive power and the neutral-point potential are shown explicitly. A conceptual description and control 
algorithm of the proposed controller are presented in this paper. Then, numerical simulations and experiments are carried out to 
validate the proposed method. Both the simulation and experimental results show that good performances during both the 
steady-state and transient operating conditions are achieved. As a result, the proposed strategy has been proven to be effective for 
NPC three-level rectifiers. 
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I. INTRODUCTION 
Neutral-point-clamped (NPC) three-level rectifiers have 

been widely used in medium power applications since Nabae 
et al. proposed the topology in 1981. This is due to the fact 
that it has a number of advantages such as low harmonic 
distortion of the input currents, low switching voltage stress 
and low du/dt [1]-[6]. 

Although the three-level NPC topology provides 
significant advantages over the conventional two-level 
topology in high-power applications, it still has some inherent 
problems which have limited its practical application such as 
the voltage drifts and voltage ripples of the neutral-point. 
Therefore, many hardware and software methods have been 
proposed for balancing the neutral-point potential. 

The high-performance control strategies of three-level 
voltage source PWM rectifiers are mainly the voltage 
oriented control (VOC) [7] and direct power control (DPC) 
[8], which are similar to the vector control (VC) and direct 

torque control (DTC) [9] for AC machines. The VOC 
guarantees high dynamic and steady-state performances via 
internal current control loops. This scheme decouples the 
converter currents into active and reactive power components. 
The control of the active and reactive powers is then achieved 
by controlling the decoupled converter currents using current 
controllers. One main drawback of such a system is that the 
performance is highly dependent on the applied current 
control strategy and the connected AC network conditions 
[10]. The DPC strategy is based on the evaluation of active 
and reactive instantaneous power error values to choose 
appropriate voltage vectors to control the active and reactive 
power. When compared with the VOC strategy, DPC does 
not need internal current control loops or separate PWM 
modules. It has a simple control algorithm, fast dynamic 
response and high efficiency. However, since an optimal 
switching table is essential to the conventional DPC system, 
most of the switching tables of three-level rectifiers are 
established on the basis of qualitative analysis, without 
providing the quantitative influence of each space voltage 
vector on the active and reactive powers in each sector. 
Therefore, the performance of power control with the 
conventional switching table method is unsatisfactory. 

There has been literature lot of research on how to 
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overcome the shortcomings of the conventional DPC strategy. 
The three main methods are listed as follows: 

1) Using multi-level hysteresis instead of two-level 
hysteresis. Four-level [11] and five-level [12] hysteresis DPC 
are proposed to increase the flexibility in terms of selecting 
an appropriate voltage vector, but they are still relatively 
rough and use qualitative control instead of quantitative 
control. 

2) Using SVM instead of a switching table. DPC-SVM 
strategies usually calculate their output voltage references by 
means of closed-loop schemes with PI controllers [13]-[15], 
with errors of the active and reactive powers as the input of 
the controller. The power can be adjusted accurately and 
smoothly, and a constant switching frequency can be 
achieved. The main drawback of such a system is that the 
performance is highly dependent on the tuning of the PI 
controller. 

3) Using predictive direct power control (P-DPC). 
Rodriguez et al. proposed a new strategy that eliminates the 
hysteresis controllers and switching table [16], [17]. In the 
proposed control strategy, the effects of each switching state 
on the input power are evaluated, and the switching state that 
minimizes a quality function is selected and applied during 
the next sampling period. However, since most P-DPC 
methods require a large amount of on-line computation in 
every control cycle, how to reduce the computational burden 
has become a major issue for P-DPC. 

In this paper, a novel direct power control (DPC) strategy 
is proposed for NPC three-level rectifiers. In order to control 
the active and reactive power and the neutral point potential, 
three pre-calculated vector influence tables are established 
and an optimized switching state is selected by an objective 
function. This paper is organized as follows. Section II 
introduces the three-level PWM rectifier model and the 
neutral-point potential. The influences of different voltage 
vectors on the active and reactive power and the neutral-point 
potential are analyzed in Section III. The vector influence 
tables and the novel DPC algorithm are proposed in Section 
IV. Simulation and experimental studies are carried out in 
Section V and VI. Finally, some conclusions are summarized 
in Section VII. 

II. THREE-LEVEL VOLTAGE-SOURCE RECTIFIER 
A. Model of a Three-Level PWM Rectifier 

A typical NPC three-level voltage-source rectifier is shown 
in Fig. 1. ea, eb, ec, ia, ib, and ic are the three-phase grid 
voltages and currents, and i0 is the neutral-point current. L 
and R represent the AC-side line inductance and equivalent 
resistance, respectively. C1 and C2 are the capacitances of the 
DC-bus’s upper and lower capacitors, whose voltages are 
Udc1 and Udc2.  

The switching function Sj (Sj=1, 0 and -1, j=a, b, c) is 
introduced to describe the states of the four switching devices  

 
Fig. 1. Main circuit of a NPC three-level voltage-source rectifier. 

 

 
Fig. 2. Space voltage vectors of NPC three-level rectifiers. 

 
TABLE I 

VOLTAGE VECTORS OF NPC THREE-LEVEL RECTIFIERS 
Type Voltage vectors Magnitude 

uL u1u3 u5 u7 u9 u11 dc2 / 3U  

uM u2 u4 u6 u8 u10 u12 dc1/ 2U  

uS 
u13 u15 u17 u19 u21 u23 

u14 u16 u18 u20 u22 u24 
dc1/ 6U  

uZ u25 u26 u27 0 
 

of each phase. Taking phase a as an example, when Ta1 and 
Ta2 are on, Sa=1, and the voltage between point a to point o is 
Udc/2. When Ta2 and Ta3 are on, Sa=0, and the voltage 
between point a to point o is 0. When Ta3 and Ta4 are on, 
Sa=-1, and the voltage between point a to point o is -Udc/2. As 
a result, each phase voltage has three levels, Udc/2, 0 and 
-Udc/2, leading to 33=27 space voltage vectors for a 
three-phase three-level rectifier, as shown in Fig. 2. The 
space is divided into 12 zones according to the positions of 
the space voltage vectors. Based on their magnitudes, these 
vectors can be divided into four groups: zero vectors (uZ), 
small vectors (uS), medium vectors (uM), and large vectors 
(uL). The magnitudes of the different voltage vectors are 
listed in Table I. 

According to Kirchhoff's voltage law, the mathematical 
model in the d-q rotating reference frame can be expressed 
by: 
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(a)                   (b) 

Fig. 3. (a) Space voltage vector projected on d-q frame. (b) AC 
current vector projected on abc frame. 
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where ed, eq, id, iq, ud and uq are the grid voltages, AC currents 
and rectifier input voltages of the PWM rectifier in the d-q 
coordinates, respectively. ω is the grid voltage angular 
velocity. 

The expressions of the instantaneous active power p and 
the reactive power q can be calculated as follows: 

 d d q q
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In the d-q rotating coordinates, the vector of three-phase 
grid voltages can be expressed as: 

 d l
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where El is the rms of the grid line voltage. 
The expression of the instantaneous active power p and the 

reactive power q can be simplified as follows: 
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By multiplying both sides of equation (1) by ed, the 
following expressions can be obtained: 
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By substituting (3) and (4) into (5), the DPC model of a 
three-level NPC rectifier can be expressed as: 

 

2
l d l

l q

d
d
d
d

pL E u E Rp Lq
t
qL E u Rq Lp
t

w

w

ì = - + - -ïï
í
ï = - +
ïî

 (6) 

B. Neutral-Point Potential of Three-Level PWM Rectifiers 
In the high frequency mathematical model of three-level 

rectifiers [18], the relationship between the DC-bus 

neutral-point voltage variation and the switching state is 
obtained as: 
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where C is the sum of C1 and C2, and ΔUdc is the difference 
between the two capacitor-voltage values. 

 

III. INFLUENCE OF SPACE VOLTAGE VECTORS ON 
ACTIVE AND REACTIVE POWER AND 

NEUTRAL-POINT POTENTIAL 
A. Influence of Space Voltage Vectors on Active and 
Reactive Power 

Each voltage vector of a NPC three-level rectifier can be 
decomposed into d and q components. Take the first 
switching state as an example. Its corresponding voltage 
vector u1 projected on the d-q frame is presented in Fig. 3(a). 
According to Table I, the magnitude of u1 is dc2 / 3U . 
Therefore, the d-q components of u1 can be expressed as: 

1d dc

1q dc

2 / 3 cos

2 / 3 sin

u U

u U

q

q

=

= -
           

(8) 

where u1d and u1q are projections on the d-axis and q-axis of 
u1, respectively, and θ is the angular position of the grid 
voltage vector. 

According to (6), it can be noted that the change rates of 
the active and reactive power are related to the d-axis and 
q-axis components of the voltage vector, respectively. The 
influence function of the active power ξ, the influence 
function of the reactive power μ, and the parameters m1 and 
m2 are defined as: 
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It can be noted that both ξ and μ are related to the voltage 
vector. By substituting (8) into (9) and (10), the influence 
functions of the active and reactive power of the first 
switching state are obtained as: 

 1 cosx q=  (13) 

 1 sinm q=  (14) 
The ξ and μ functions of all of the voltage vectors of NPC 

rectifiers are calculated based on the aforementioned contents. 
The results of the ξ functions are shown in Fig. 4. Since the  
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Fig. 4. Plot graphs of function ξ when the space voltage vector 
belongs to (a) Big voltage vectors. (b) Medium voltage vectors. 
(c) Small voltage vectors. 

 
TABLE II 

THE RELATIONSHIP BETWEEN RECTIFIER VOLTAGE VECTOR AND 
NEUTRAL POINT CURRENT 

uL i0 uS i0 uS i0 
u2 ib u13 ia u14 -ia 
u4 ia u15 ic u16 -ic 
u6 ic u17 ib u18 -ib 
u8 ib u19 ia u20 -ia 
u10 ia u21 ic u22 -ic 
u12 ic u23 ib u24 -ib 

 
values of the ξ functions are very small, they are amplified 24 
times in Fig. 4 to make them easier to analyze. The ξ 
functions of the zero voltage vectors are not shown in Fig. 4 
because their values are always 0. It can be seen from Fig. 4 
that the ξ functions of the non-zero voltage vectors can be 
classified into three categories based on the magnitude of the 
space voltage vector and there are several characteristics of 
them: 

1) All the ξ functions are cosine functions. Therefore they 
are periodic functions. 

2) In each category, the ξ functions of the different space 
voltage vectors have the same magnitude, but different phase 
angles. For example, in the big voltage vector category, ξ2 
lags ξ1 by π/3, and ξ3 lags ξ2 by π/3, and so on. 

The results of the μ functions are very similar to those of 
the ξ functions except that all of the μ functions are sine 
functions instead of cosine functions. 

By substituting (9)-(12) into (6), the relationships between 
the influence function ξ, μ and the change rates of the active 

and reactive power can be expressed as: 
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It can be noted from (15) that the relationships are 
proportional and can be simplified as follows: 
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B. Influence of Space Voltage Vectors on Neutral-Point 
Potential 

According to (7), the neutral point current i0 can be 
expressed by: 
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Since different values of Sj (Sj=1, 0 and -1, j=a, b, c) 
correspond to different space voltage vectors, by substituting 
different values of Sj into (17), the relationship between the 
space voltage vector and the neutral-point current can be 
obtained, as shown in Table II. Notice that only the medium 
voltage vectors and the small voltage vectors are related to 
the unbalance of the neutral-point potential. As a result, only 
the neutral point currents of the medium and small voltage 
vectors are shown in Table II. 

It can be noted from (7) that the change rate of ΔUdc is 
related to the switching state and the AC currents. The 
neutral-point potential influence function δ is defined as: 

 0id =
i

 (18) 

where | i | is the amplitude of the AC current vector. 
As shown in Fig. 3(b), the AC current vector i can be 

expressed in the abc frame as: 
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where α is the angular position of the AC current vector. 
According to (17)-(19), the δ functions can be expressed 

as: 
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It can be noticed that all of the δ functions are cosine 
functions, and that they have characteristics similar to those 
of the ξ and μ functions. 

According to (7), (17) and (18), the relationship between 
the influence function δ and the change rate of ΔUdc can be 
expressed as: 

 dcd( )
d
UC
t

d
D

= - i  (21) 

It can be noted from (21) that the relationship is 
proportional and can be simplified as follows: 

 dcd( )
d
U
t

d
D
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IV. PROPOSED DIRECT POWER CONTROL 
 

A. Vector Influence Tables of the Active and Reactive 
Power 

In order to show the values of ξ and μ explicitly, two 
off-line vector influence tables are needed. In these tables, 
each value of ξ or μ is not an exact value, but the average 
value of the small zone it belongs to. A process of 
discretization of the angular location of the grid voltage 
vector θ is carried out to divide the whole plane evenly into 

12 zones. Since θ∈[0,2π], each zone has π/6 of the angular 
scope of θ. 

The average values of ξ and μ in each zone are calculated 
as: 
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where nθ={1,2,3…12}, round[] denotes the rounding of the 
number to the nearest integer, and fξ and fμ are the influence 
factors of the active power and reactive power, respectively. 
In order to reduce the rounding errors, a coefficient k is added. 
When k is set to 24, the values of fξ and fμ are integers 
between -24 and +24.  

According to (16), (23) and (24), the approximate 
proportional relationship between fξ, fμ and the change rates 
of the active and reactive power can be expressed as: 

 1 ξ
d davg( ) ( )
d d
p p km f
t t
» µ -  (25) 

 2 μ
d davg( ) ( )
d d
q q km f
t t
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where avg( ) denotes the average value in each zone.  
By substituting (8) into (23) and (24), the values of fξ and fμ 

in each of the 12 zones corresponding to u1 are calculated. In 
a similar way, the values of fξ and fμ in each zone 
corresponding to other voltage vectors can also be calculated  

TABLE III 
VECTOR INFLUENCE TABLE OF ACTIVE POWER 

 
 

TABLE IV 
VECTOR INFLUENCE TABLE OF REACTIVE POWER 

 
 

and the vector influence tables of the active and reactive 
power are established. As shown in Table III and Table IV, 
the values of fξ and fμ are listed at the bottom of the vector 
influence tables. The values of fξ and fμ of the zero voltage 
vectors are not shown in Table III or Table IV because they 
are always 0. The grayscale color of each small block is 
colored proportional to the value in the block. At the top of 
the table are the numbers of nθ arranged in different orders in 
accordance with different space voltage vectors. For example, 
in the big voltage vector category, u3 lags u1 by π/3. 
Therefore, by shifting the numbers of nθ in the first row 
where u1 belongs to the left by two blocks, the numbers of the 
second row where u3 belongs are obtained. 

To obtain the values of fξ and fμ in the tables, the following 
steps should be followed. For example, if the value of fξ of 
vector u16 when nθ=7 is to be found, the specific steps are 
presented as follows: 
Step 1: Find the voltage vector u16 in the left-top area of 

Table III. 
Step 2: In the row that vector u16 belongs to, find the number 

7 of nθ and the column it belongs to. 
Step 3: In that column, find the value in the row of the type of 

voltage vector at the bottom of the table. In the case of 
vector u16, since it is a small voltage vector, the 
number -8 in the row of the small voltage vector is the 
value of fξ. 

B. Vector Influence Table of the Neutral-Point Potential 
The influence factor of the neutral-point potential fδ is  
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TABLE V 
VECTOR INFLUENCE TABLE OF NEUTRAL POINT POTENTIAL 

 
 

 
Fig. 5. Proposed DPC Block diagram. 
 
calculated as: 
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where nα={1,2,3…12}. 
According to (22) and (27), the approximate proportional 

relationship between fδ and the change rate of ΔUdc can be 
expressed as: 

 dc dc
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The vector influence table of the neutral-point potential can 
be established in a similar way, as shown in Table V. Notice 
that only the medium and small voltage vectors are related to 
the unbalance of the neutral-point potential, and only the 
values of fδ of the medium and small voltage vectors are 
listed in Table V. In other words, the values of fδ of the large 
and zero voltage vectors are always 0. The steps to obtain the 
values of fδ in the table are similar to the steps illustrated in 
Section A.  

C. Proposed DPC Block Diagram and Objective Function  
A block diagram of the proposed DPC is presented in Fig. 

5. It can be seen that three vector influence tables and an 
objective function optimization part are used instead of the 
hysteresis comparators and switching table of the 
conventional method. The reference value of the active power 
p* is generated by a PI controller in the outer voltage loop 
while the reference value of the reactive power q* is set to 0.   

TABLE VI 
SIMULATION AND EXPERIMENTAL PARAMETERS 

Item Value 
AC phase voltage/V 40 
DC bus voltage/V 120 

AC-side inductance/mH 10 
AC-side resistance/Ω 0.1 
DC bus capacitor/μF 5600 

Load resistance/Ω 40 
 

The values of the instantaneous active power p and the 
reactive power q can be calculated as follows [28]: 
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According to (25), (26) and (28), the reference values of fξ, 
fμ and fδ are defined as: 
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where
 
Ki and Kδ are parameters which can be calculated by: 
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where Ts is the sampling period. 
In order to achieve power tracking and neutral point 

balance at the same time, the optimized space voltage vector 
should be selected so that the values of fξ, fμ and fδ can 
approach as near as possible to their reference values of fξ

*, 
fμ

* and fδ
*. Therefore, the objective function can be described 

as: 

 

* * *
ξ ξ μ μ δ δ δg f f f f f fl= - + - + -

 

(32) 

where λδ is the weighting factor. The objective function g is 
calculated for each set of values of fξ, fμ and fδ corresponding 
to the 27 space voltage vectors. The space voltage vector that 
corresponds to the minimal value of g will be selected and 
applied during the next control period. By giving λδ different 
values, the priorities of the power control and the neutral 
point balance control can be made differently. 

 

V. SIMULATION RESULTS 
The performances of the conventional two-level hysteresis 

DPC method and the proposed DPC method are given and 
compared by Matlab/Simulink. The simulation parameters 
are presented in Table VI. 

The dynamic performances of the conventional and  
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(a)                        (b) 

Fig. 6. Simulation result of dynamic performance. (a) active and 
reactive power, neutral-point potential and AC currents for the 
conventional method. (b) active and reactive power, 
neutral-point potential and AC currents for the proposed method. 

 

 
 

Fig.7. Simulation result of active and reactive power, 
neutral-point potential and AC currents for the proposed method 
with 1.5L. 

 
proposed methods are shown in Fig. 6, where an abrupt 
change of load (from 80Ω to 40Ω) is introduced at t=0.4s.  

It can be seen that both the conventional and the proposed 
methods have a fast dynamic response. However, the 
conventional method causes larger power and neutral point 
potential ripples and a seriously distorted AC current, which 
are greatly improved by the proposed method. To further 
illustrate and validate the improvements of the proposed 
method, the standard deviations of the active and reactive 
power σp and σq and the neutral point potential σnpp are 
calculated. The standard deviation of a generic variable x is 
expressed as: 
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where n is the number of samples, and i
1

1 n

i
x x

n =

= å
. 

According to the calculated results, σp and σq of the 
conventional method during the time period of 0.55s to 0.6s 
are 15.22W and 19.85Var, while σp and σq of the proposed 
method are only 4.86W and 6.06Var. The standard deviations 
of the active and reactive power are reduced by 68.07% and 
69.47%, respectively. In addition, the values of σnpp of the  

 
(a)                        (b) 

Fig. 8. Simulation results with the variation of Ki、Kδ. (a) σp、σq 
and THD of iA with the variation of Ki. (b) σnpp with the variation 
of Kδ. 

 

 
Fig. 9. Photograph of experimental setup. 

 
conventional method and the proposed method are 292.9mV 
and 40.5mV, respectively. The ripple size of the neutral point 
potential is reduced by 86.17%. 

In Fig. 7, the robustness against system parameter 
variations is tested for the proposed method. In the simulation, 
the d-q inductances are increased to 15mH (150% of their 
nominal values), and the other simulation conditions are the 
same as those in Fig. 6. It can be seen that the variation of 
line inductance does not have a significant effect on system 
performance with the values of σp and σq being 5.02W and 
6.16Var. 

Fig. 8 shows the standard deviations of the active and 
reactive power, the total harmonic distortion (THD) of the 
AC currents and the standard deviation of the neutral point 
potential of the proposed method with different Ki and Kδ. 
According to (31) and the parameters listed in Table VI, El is 
estimated to be 69V, | i | is estimated to be 4A, and the 
theoretical values of Ki and Kδ can be calculated as 1.4W and 
1.5mV, respectively. According to (11) and (12), m1 and m2 
are estimated to be 0.70 and 0.16, respectively. It can be seen 
from Fig. 8(a) that when Ki changes within a range between 
0.8W and 2W, the values of σp and σq remain within a range 
between 4W/Var and 8W/Var, and the THDs of the AC 
currents remain within a range between 1.2% and 2.1%. It 
can also be seen that both σp and σq and the THD of the AC 
currents are minimal when Ki is approximately 1.4W, which 
is consistent with the theoretical value of Ki. It can be seen  
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(a)                                    (b) 

Fig. 10. Experimental waveforms for steady-state performance of active and reactive power, neutral point potential and AC currents 
with the load being 40Ω. (a) the conventional method. (b) the proposed method. 

 

 
(a)                                   (b) 

Fig. 11. Experimental waveforms of active and reactive power, neutral point potential and AC currents for step change of load from 80Ω 
to 40Ω. (a) the conventional method. (b) the proposed method. 
 
from Fig. 8(b) that when Kδ changes within a range between 
0.6mV and 2.7mV, the values of σnpp are within a range 
between 35mV and 55mV, and σnpp is minimal when Kδ is 
approximately 1.5mV, which is consistent with the 
theoretical value of Kδ. 

 

VI. EXPERIMENTAL RESULTS 
To verify the feasibility and effectiveness of the proposed 

method, a three-level rectifier prototype was implemented, as 
shown in Fig. 9. The system consists of a main circuit, a 
control circuit, a driver circuit and a sampling circuit. The 
complete system was connected to the utility grid through a 
three-phase variac. The control system employed a 
TMS320F28335 digital signal processor for the control 
strategy. The sampling periods of the conventional and 

proposed methods are both 50μs. The parameters of the 
experimental system are presented in Table VI. According to 
section V, Ki and Kδ are chosen as 1.4W and 1.5mV, 
respectively, and m1 and m2 are chosen to be 0.70 and 0.16, 
respectively. 

A. Steady-State Performance 
The steady-state performances of the two methods are 

presented in Fig. 10 with the load being 40Ω and the AC-side 
inductance being 10mH. It is clearly seen that the 
conventional DPC method results in significant current 
harmonic distortions as well as power and neutral point 
potential ripples, while the proposed DPC method has 
achieved a greatly improved performance with smaller 
ripples of the active and reactive powers, a well-smoothed 
neutral point potential and more sinusoidal AC currents. To  
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(a)                                     (b) 

Fig. 12. Experimental waveforms of active and reactive power, neutral point potential and AC currents for the proposed method with 
variations of the line inductance. (a) L=8mH. (b) L=12mH 
 
be specific, with the conventional method, as shown in Fig. 
10(a), σp and σq are 30.37W and 26.78Var, while with the 
proposed method, as shown in Fig. 10(b), σp and σq are only 
15.17W and 20.35Var. The percentages of the standard 
deviation reduction of the active and reactive power are 
50.05% and 24.01%, respectively. The THD of the AC 
currents is further calculated. The result shows that the THDs 
of the AC currents of the conventional and proposed methods 
are 5.92% and 1.40%, respectively. In addition, the ripple 
size of the neutral point potential is reduced by 69.60% since 
the values of σnpp of the conventional method and proposed 
method are 0.556V and 0.169V, respectively. 

B. Dynamic Performance 
The dynamic performances of the two methods are 

presented in Fig. 11 with load stepping from 80Ω to 40Ω. 
Once again, the improvements are evident in the case of the 
proposed DPC method. It can be seen that with an abrupt 
change of load, for both the conventional and the proposed 
methods, the active and reactive power and the neutral point 
potential respond rapidly and meet the reference values only 
after a short period. However, remarkable ripple reductions of 
the active and reactive power and the neutral point potential 
can be observed in the proposed method. 

C. Impact of the Variations of the Line Inductance  

Further tests on the impact of line inductance variations on 
the steady-state performance with the proposed DPC strategy 
are carried out. Fig. 12 shows the waveforms of the active 
and reactive power, the neutral point potential and the AC 
currents of the proposed method when there are errors in the 

AC-side inductance parameter. As shown in Fig. 12(a), with 
the line inductance L being 8mH while the other experimental 
conditions are the same as those in Fig. 10(b), σp and σq of the 
proposed method become 25.81W and 23.35Var, and the 
THD of the AC currents becomes 1.63%. As shown in Fig. 
12(b), with the line inductance L being 12mH while the other 
experimental conditions are the same as those in Fig. 10(b), 
σp and σq of the proposed method become 25.28W and 
24.56Var, and the THD of the AC currents becomes 1.60%. 
In both cases, the ripple sizes of the neutral point potential 
remain small. It can be seen that such line inductance errors 
have no significant influence on system performance. 

 

VII. CONCLUSIONS 
In this paper, a novel DPC algorithm has been proposed for 

NPC three-level rectifiers. This paper defines the influence 
functions to analyze the relationships between the voltage 
vectors of the NPC rectifiers and the change rates of the 
active power, the reactive power and the neutral point 
potential. By discretizing and averaging the influence 
functions, the influence factors of the active power, the 
reactive power and the neutral point potential fξ, fμ and fδ are 
obtained, and they have approximately proportional 
relationships with the change rates of the active power, the 
reactive power and the neutral point potential, respectively. 
Furthermore, three pre-calculated vector influence tables are 
established based on the influence factors, and by minimizing 
an objective function an appropriate vector can be selected. 
The performance of the novel DPC has been verified by 
simulation and experimental results. Compared to the 
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conventional DPC method, remarkable ripple reductions of 
the active and reactive power and the neutral point potential 
can be achieved by the proposed method. 
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