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Abstract — Three-level inverter voltage neutral point is a clamped three-level inverter, which is simple and easy to implement using 
digital modulation methods, and has been widely used. But the Neutral Point Clamped, NPC, inverter topology causes voltage 
fluctuations, AC output voltage distortion, and even system crashes. Based on a simplified three-level Space Vector Pulse Width 
Modulation (SVPWM), this paper proposes a hybrid control strategy to balance the neutral-point. This strategy divides the 
three-level space vector diagram into two zones. In zone Ι, the characteristics of redundant small vectors and the impact of 
non-redundant small vector are made full use of to balance the neutral-point. In zone II, considering the impact of medium vector, 
the algorithm introduces a virtual medium vector and virtual small vector to mitigate the impact of medium point and the 
influence on the neutral-point in action time. The simulation experiment in Matlab/Simulink confirmed that this algorithm can 
balance neutral-point effectively. 
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I. INTRODUCTION 

 With the development of power electronics, the 
multi-level inverter, which is used in the field of 
high-voltage power, has been concerned widely in power 
and electron industry. The present medium-voltage 
high-power multi-level inverter below 10KV has been 
realized by diode-clamped three-level construction. It is 
confirmed that the balance of neutral point is an important 
sign to ensure safe and efficient operation of the motor. 
Otherwise, it may increase the harmonic distortion of output 
current and produce both low-order and even harmonics. 
What’s more, it may also increase the voltage suffered by 
switching device, even destroy the switching device and 
voltage dividing capacitor, which may lead to the collapse 
of the system. Therefore, it is concluded that the three-level 
inverter, which has the function such as achieving high 
voltage and high power and low harmonic content among 
current power electronic device, deserves much more 
attention. 

 There are two directions of the improvement of 
multi-level inverters. The first one is to improve the 
hardware control circuit so as to achieve the target of the 
balance of voltage. The second one is to improve the 
inverter space vector modulation strategy in order to control 
the neutral-point potential fluctuation and realize the goal of 
the indirect balance of voltage [1]. It is considered that in 
most situations, the control of hardware mainly relies on the 
utilization of DC power supply or the clamping of 
neutral-point potential from hardware circuit. Definitely, 
these methods can clamp the neutral-point potential directly 
and efficiently. Furthermore, it is convenient to realize the 
control in any circumstances, i.e. modulation depth, load, 
power factor, etc. 

It is obvious that according to the Article [2], the ESO, 
which is adopted by the author to estimate the neutral-point 
potential in real time, has satisfactory dynamic property. 

However, there is a main disadvantage which is calculated 
as the increasing cost of the hardware device, which may 
enhance the complexity of the whole control system. 
Therefore, it is not recommended to use this hardware 
control strategy in the aspect of high power device. 

There is another way of neutral-point voltage control on 
the basis of vector modulation strategy. It is described that 
the multi-level inverters voltage space vector plane can be 
simplified down to two-level inverters voltage space vector 
plane. When discussing the vector distribution in different 
area in accordance with the coordinate transformation, the 
research method of “S” binarisme may be summarized to 
correct the referenced voltage vector. Nevertheless, 
according to the flexibility of control, it is constant to alter 
the action time of plus or minus small vectors which may 
not be able to change with the deviation of size dynamically 
on the way of changing “S”. In this case, it may cause the 
bigger fluctuation and is merely a preponderant method on 
changing the active time of small vectors [3]. In the light of 
Article [4], there is a viewpoint of equilibrium factor 
control, which is considered that based on the injection of 
zero-sequence component, it is able to calculate the change 
of electric charge precisely and adjust the factor of neutral 
point balance of “K” so that the action time of redundant 
small vectors may be redistribute in order to achieve the 
balance the voltage on DC measuring capacitance and 
control the fluctuation of midpoint potential precisely. 
However, it is hard to apply this method because of the 
complex control, huge calculated amount and high 
operating rate of CPU. Therefore, it is obvious that this kind 
of method is not mature in practice. There is a neoteric way 

of calculation which is appeared in Article [5], i.e. 
ref

U is 

combined by big vector, middle vector and zero vector 
without small vector. In this case, it is impossible to lead to 
the excursion of midpoint potential but simply vectorial 
excursion of midpoint potential. Moreover, it is regarded 
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that the three-level photovoltaic inverter runs in the state of 
unit power factor that fluctuate which is produced by 
middle vector is small and can be ignored. That is why this 
modulation strategy is considered as a probable way to 
achieve the self-balance of the neutral-point. Nevertheless, 
there is no small vector under such circumstances. 
Moreover, it is definite that using too much big vector and 
middle vector may produce more pressure to loads so as to 
bring about unbalance and reduce the balanced capacity of 
neutral-point. There is a sort of refined control algorithm 
which is mentioned in Article [6], i.e., setting different 
factor “K” in accordance with different small vector. 
Furthermore, the switchover between traditional 
60°coordinate system and virtual vector has been used to 
realize the balance of neutral-point in order to limit the 
switching loss and insure the waveform of output voltage 
smooth. It is considered that the disadvantage of this 
method is its great complexity and low stability. 

 This article tries to discuss how to control voltage 
fluctuations of the NPC three-level inverter as the main 
research direction and analyze the current vector control 
strategy. In this article, there is a hybrid vector control that 
the switch control form mainly relies on SVPWM algorithm. 
On the basis of SVPWM algorithm, the periphery hexagon 
of three-level vector space is separated into two circular 
region. The main target is to achieve the control in different 
way in the light of the location of the reference vector’s 
vertex in the circular region. It is concluded that the 
redundant small vectors is the only consideration in smaller 
circular region, and the method of virtual vector is applied 
in larger circular region in order to modulate voltage. 

II. THE THEORY AND ARITHMETIC 

A  The Theory of Three-Level Inverter 

 This article primarily focuses on the research of 
neutral point clamped three-level inverter, that is, in another 
word, diode-clamped three-level inverter.  
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Fig. (1). Three-phase three-level NPC inverter topology. 

In the Fig. (1), the two voltage dividing capacitors 
(C1,C2) are in series. The midpoint of C1,C2 servers as 
the neutral point of three-level inverter. Every bridge leg of 

NPC three-level inverter includes four switching devices, 
four freewheeling diodes and two diodes [7]. The midpoint 
of switching device of each bridge leg is connected to the 
neutral point of three-level inverter so that it may produce 
three level, i.e., positive, zero and negative, which is 
described in 2, 1, 0. 

B  SVPWM Algorithm 

 The voltage output combination of three-phase 
three-level inverter can be 33 =27  states, which can be 
divided into 27 basic voltage vectors and four types, such as 
zero vector, small vector, medium vector and large 
vector[8]. The zero vectors and the large vector have no 
effect on the neutral point potential, only the small vector 
and the vector can influence the neutral point potential. 
Table 1 shows the effect of the medium and small vector on 
the neutral point current. 

 
TABLE 1. THE EFFECT OF THE MEDIUM AND SMALL VECTOR 

ON THE NEUTRAL POINT CURRENT 
Positive 

small 
vector

o
i  

Negative 
small 
vector

o
i  

Medium 
vector o

i  

100 a
i  211 a

i  210 b
i  

221 c
i  110 c

i  120 a
i  

010 b
i  121 b

i  021 c
i  

122 a
i  011 a

i  012 b
i  

001 c
i  112 c

i  102 a
i  

212 b
i  101 b

i  201 c
i  

 
 Considering the influence of a pair of redundant small 

vectors on neutral point is opposite, and effects of medium 
vector on the neutral point potential cannot be ruled out, so 
the whole area is divided into two regions and using 
different control algorithms, in order to achieve the 
maximum effect of the neutral point potential balancing [9]. 
As shown in Fig. (2). 

 Circle 1Z : no additional medium vector, using the 

characteristics of redundant small vector modulation. 
The Radius of the Circle 1Z : 

1
3

| | | |
6

r dcU U
 

                         (1) 

 Circle 2Z : Because of the participation of the medium 

vector, it can not only consider the control redundant small 
vector to achieve the goal, but the introduction of virtual 
vector control algorithm to balance the neutral point 
potential. 
The Radius of the Circle 2Z : 
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Fig. (2), Region division of three-level space vector diagram. 
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z  ⌈
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 ⌉, 1,2z                     (3) 

C  Sub-Regional Modulation Algorithms 

1) Modulation algorithm in circle
1Z  

 In the Circle 1Z , we use the feature of redundant small 

vector to control the time of the redundant small vector, and 
then achieve the effect of balancing the neutral point 
potential [10]. 

 Considering the recent three vector synthesis principle, 
we divide the whole hexagon into six sectors, and analyze 
the first sector. 

By means of “voltage-second” balance principle, there 
is: 

100 1 211 2 110 3ref sU T U T U T U T            (4) 

1 2 3 sT T T T                          (5) 

1 2=T T                                  (6) 

 When switching state, switching action should be 
reduced as much as possible, and each switching state 
should be a center of symmetry of pulse sequence in the 
modulation period [11]. We can get switching sequence is 
as Fig. (3). 

aS

cS

bS

 
Fig. (3). Switching transitions in

1Z . 

In this modulation period, 100, 211 is a pair of 
redundant small vector, 110 is a non-redundant small vector. 
The 100 and 211 sets are the same as the action time, which 
makes the redundant small vector offset to the neutral point 
current. For non-redundant small vector 110, we know it is 
a negative vector, which will pull the low point potential. In 
the next cycle, we have limited the selection of the 
non-redundant small vector to the positive vector and the 
neutral point potential. 

 In the entire circle 1Z , the reference vector is 

composed of three small vectors and a zero vector. 
According to Table 1, we can determine the non-redundant 
small vector by analyzing the influence caused by the 
selected non redundant small vector in the last periodic 
modulation, to offset the influence and make the neutral 
point in a very small range fluctuation. 

2) Modulation algorithm in circle
2Z  

 In the circle 2Z , considering to medium vector and the 

neutral point potential unbalance, the magnitude and 
direction of the vector will also occur change [12], so we 
take advantage of redundant small vectors and three-phase 
current balance of nature to reconstruct medium vector. 
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The virtual vector: 

210 221 100
210 2

U U U
U

               (7) 

 From Table 1, voltage vector 210, 221, 100 will cause 

the midpoint current: 
b

i , c
i ,

a
i . When action time is short 

enough, as long as the action time of 
210

U  is divided equally 

among three vectors, the midpoint current will drop down 
to zero during its action time, namely the virtual medium 
vector has no influence to the neutral point, as the result of 

0
a b c

i i i    at any time in a three-phase equilibrium 

system. 
 Also considering the properties of redundant small 

vector, we can construct the virtual small vector: 

211 100
1 2

U U
U


                   (8) 

221 110
2 2

U U
U


                    (9) 

 This ensures that the effect of a pair of redundant 
small vector is the same as that of the neutral point voltage, 
so that the balance of neutral point is reached. 

 Based on the traditional division of the sectors, the 
function of each vector is determined after the virtual vector 
is constructed. Based on the nearest three vector principle, 
we divide the circle into several small triangles, and analyze 
the first triangle region. 

 By means of “voltage-second” balance principle, there 
is: 

210 1 1 2 2 3ref sU T U T U T U T             (10) 

1 2 3 sT T T T                        (11) 

 By the formula (7) (8) (9), we can find that all the 
basic vector action time, in switching state, should reduce 
switch of switch tube as far as possible. And symmetric 
pulse sequences are adopted in switching state in the 
modulation period center, thus we can switch sequences are 
obtained as follows: 

III. SIMULATION AND EXPERIMENT 

 After the analysis with the theory, we can utilize 
Matlab/Simulink to do the simulation. With the output of 
the waveform, we can do the analysis for the algorithm.  

 According to the tranditional SVPWM algorithm used 
to determine the positon of reference vector, we can give 
the definition: 

1

3
sin 3 cos

2 dc ref refS U U U               (12) 

2

3
sin

4 dc refS U U                        (13) 

3

3
sin 3 cos

2 dc ref refS U U U                (14) 

4 6
S

                                   (15) 

 In the whole area of circle
1

Z , the reference vector 

consists of three small vectors and one zero vector. At this 
time, only the non-redundant small vectors affect the 
voltage of the neutral point. According to the Table 1, The 
non-redundant vector of this period complement the effect 
caused by non-redundant vector of last period by analyzing 
the effect on the neutral point produced by the 
non-redundant vector in last period, which can limit the 
neutral point to fluctuate in a small range. For example, in 
the area I-1, we can get referenced T1, T2, T3, according to 
the formulas (16), (17), (18). 

 100 1 211 2 110 3ref sU T U T U T U T              (16) 

1 2 3 sT T T T                             (17) 

1 2=T T                                     (18) 

 In the simulation, we can achieve this goal by utilizing 
the feedback. According to the non-redundant vector 
chosen in last period, we can regulate the choice of 
non-redundant vector in this period by utilizing the 
feedback to make sure that the action time of positive and 
negative vectors are equal, and the effects on the neutral 
point produced by these two vectors will complement with 
each other to achieve the goal of balancing the neutral 
point. 

 In the area of circle 2Z , considering the effect of the 

medium vector, and the fact that the direction and number 
of the medium vector will be altered when the neutral point 
in un-balanced. We can construct virtual vector by 
redundant vector and the attribute of the three level 

balanced system that at any time, the sum of
a

i ,
b

i , 

and
c

i is equal to 0.  

 When the action time of the virtual medium vector is 
short enough, according to attribute of the three level 

balanced system that at any time, the sum of sum of
a

i ,
b

i , 

and
c

i is equal to 0, we can get that during the action time 

of the virtual medium vector, the current which passed the 
neutral point is equal to 0, which means that virtual medium 
vector has no influence to the neutral point during the 
action time of the virtual medium vector. The virtual small 
vector can assure that the action time of positive and 
negative vectors are equal, and the effects on the neutral 
point produced by these two vectors will complement with 
each other to achieve the goal of balancing the neutral 
point. 

  For example, in the area II-1, we can get 

referenced aT , bT  and cT with the formulas (19)-(23).  

210 221 100
210 2

U U U
U

                     (19) 
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211 100
1 2

U U
U


                             (20) 

221 110
2 2

U U
U


                             (21) 

210 1 2ref s a b cU T U T U T U T                  (22) 

a b c sT T T T                              (23) 

 After the determination of the function time of the 
regulative vector in one period and the fan area in which the 
reference vector located, we can get the three level 
regulative wave of A, B and C by some special calculation. 

aS

bS

cS

 
Fig. (4). switching transitions in 2Z . 

 For example, in the first fan area II-1 of the circle 2Z , 

with the formulas (7) ~ (9), we can find out the function 
time of each vector, and get the figure of switching 
transitions (Fig.(4)) for the formation of the reference 
vector. According to the formula (24), we can get the 
function time of referenced switching vector. 

 

1

2

3

sin cos sin
3 3 3 cos

( 1) ( 1) ( 1)
sin cos sin sin

3 3 3
sin( 2) ( 2) ( 2)

sin cos sin
3 3 3

s

k k k

T
k k k

T mT

T
k k k

  


   

  

   
    

            
           

  

 (24) 

 
For each regulative period, we can get the function time 

of referenced switching vector with some special 
calculation by analyzing the area where the reference vector 
locate. Finally, by comparing with the triangular wave, we 
can get the PWM trigger wave. 

 After the simulation we can get the three level output 
wave of Fig. (5), the output wave of line-voltage abU  of 

Fig. (6), Fig. (7) and Fig. (8), and FFT Analysis and of the 
voltage of the neutral point. 

 

 
Fig. (5). Three-phase voltage. 

 

Fig. (6). Line Voltage. 

 

Fig. (7). FFT Analysis. 
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Fig. (8). Neutral Voltage and details. 
 

Fig. (5) shows the output wave of the three level 
voltage. According to the figure, the wave of the voltage is 
soft, which means that the way proposed in this thesis 
works very well. 

Fig. (6) shows the wave of abU  (the output 

line-voltage). It clearly states that under the algorithm 
proposed in this paper, the distortion of the line-voltage is 
very small. 

Fig.(7) shows the total harmonic distortion is equal to 
1.78%. 
 
 Fig.(8) shows the output of the voltage of the neutral 
point and the magnification of part of this output. 
According to the figure, we can find out that the voltage of 
the neutral point was limited to fluctuate in a small range 
from -5V to 5V, which means that compared with the 
traditional algorithm, the algorithm proposed in this paper 
works much better. 

IV. CONCLUSIONS 

 Considering the phenomenon that the voltage of the 
neutral point of NPC three level-inverter is un-balanced, 
this paper proposed a mixed algorithm for balancing the 
voltage of the neutral point. When switching state, 
switching action is reduced as much as possible, and each 
switching state is a center of symmetry of pulse sequence in 
the modulation period. According to the area where the 
reference vector locate, this paper proposed two different 
algorithm for balancing the voltage of the neutral point 

which efficiently utilize the attribute of the redundant small 
vector and attribute that three level current should be 
balanced to ensure that in the whole period, the current 
which passed the neutral point should be 0 for balancing the 
voltage of the neutral point. And we have done the 
simulation in Matlab/Simulink. The output of the 
simulation shows that in the regulative area, if we can 
ensure the stable output of the inverter , the voltage of the 
neutral point can be balanced. 
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