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 Diode-clamped three-level inverters have been widely used in high voltage 
and high power fields because of their unique advantages. Nowadays, diode-
clamped three-level inverters have become a research hotspot. The imbalance 

of midpoint potential and complex control strategies have become the choke 
point of its development. In order to reduce the content of energy harmonics 
injected into the power grid by the inverter system, the neutral point potential 
needs to be controlled. This paper proposes a control method based on a 
proportional controller. The voltage sector was redefined and the design of 
the proportional controller was completed. In combination with the 
introduction of a new PWM technology, a smooth control of the midpoint 
potential was achieved. The effectiveness of the method is verified by 
simulation in MATLAB. 
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1. INTRODUCTION  
With the ever-decreasing reserves of fossil energy, new energy sources are increasingly favored by 

people. The installed capacity of photovoltaic power generation is increasing, and photovoltaic grid-

connected inverter technology has become a research hotspot [1]. Compared with two-level inverters, three-

level inverters have large output capacity, strong anti-interference, and small switching loss, which can 

improve the quality of the output waveform and reduce the harmonic content of the output [2]-[4] Due to 

these characteristics of the Neutral Point Clamped (NPC) type three-level inverter, it has been widely used in 

photovoltaic inverter grid-connected [5]-[6], and the midpoint potential control is one of its important 

research topics. 

The commonly used midpoint potential control methods are hardware method and software method 

[7]-[10]. The hardware algorithm is to add a plurality of DC power supplies or increase DC capacitance on 

the DC side. The software algorithm controls the midpoint potential through the design of the control 

algorithm. Compared with the software method, the hardware method has high hardware cost and the 
software method is easy to implement [11]-[14]. Commonly used software controls include multi-carrier 

PWM method, specific harmonic elimination PWM method, and space vector PWM method. These methods 

have complicated operation or unstable DC-side current, which limits the quality of inverter output power 

[15]-[18]. This paper uses a proportional controller and a new PWM technology to control the midpoint 

potential. Finally, the effectiveness of the method is verified by simulation. 
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2. SYSTEM MODEL 

The inverter system is mainly composed of photovoltaic cells, NPC type three-level inverters and 

AC power grid. The structure of the inverter control system is shown in Figure 1. 
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Figure 1. Inverter system control flow chart 

 

 

2.1. DC-link voltage control model 

As can be seen from Figure 1, each bridge of the NPC type three-level inverter includes four 

switches and two clamping diodes. The high-voltage side and the low-voltage side share the DC-link voltage. 

The voltages are respectively represented by and , and the voltage at the end of the phase is 

represented by , H and L respectively represent the states of different bridge arms. The definition of each 

state is shown in the following Table 1. 

 

 

Table 1. Definition of leg status 

Leg status 
switch status 

Terminal voltage (1)

xS  
(2)

xS  (3)

xS  
(4)

xS  

H( HV ) 
ON ON OFF OFF Udc/2 

L（ LV ） 
OFF OFF ON ON -Udc/2 

 

 

Where, X∈{a,b,c}. 

Therefore, the voltage of each phase can be defined as follows: 

 

                               (1) 

 

Where 、  respectively represent the working periods of the bridge in the high and low 

states , 
 
represents the working period of bridge , and the working period of each bridge must 

satisfy the condition: . 

 

                                  (2) 

 

Where and can be expressed as follows: 
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                                     (3) 

By subtracting the two ends of the formula above : 

 

                                       (4) 

 

Where , .  

 

The final DC-link current can be expressed as follows: 

 

                              (5) 

 
From equation (4), it can be seen that the imbalance of the neutral point potential can be controlled 

by , so that it can be controlled by an appropriate PWM technique using a proportional controller. 

Therefore, the binary definition of the voltage sector is introduced in this paper, and a new parameter 

is introduced as shown in Table 2. 
 

 

Table 2. Terminal index of each phase 

 I II III IV V VI 

 a c b a c b 

 b a c b a c 

 c b a c b a 

 

 

Where  represents the maximum voltage value, and  and are always opposite to . 

Therefore, from formula (1): 

 

,-    
x H H L L L x HV V VV V V                            (6) 

 

Where , represents the working period of X. Assuming that the H and 

L states of each bridge cannot occur in the same sampling interval, the above equation becomes: 

 

                            (7) 

 

Formula（5）becomes： 

 

                             (8) 

 
From equations (4) and (8), the following relationship can be obtained: 
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                                       (9) 

Where . 

 

From the analysis, it can be seen that for a given reference voltage, the DC-link voltage can be 

balanced by properly adjusting the sum. 

 

 

3. NPC INVERTER MIDPOINT POTENTIAL CONTROL 

In this paper, the proportional control and a suitable PWM technology are combined to realize the 

smooth control of the midpoint potential of the diode clamp type three-level inverter, avoiding the 

unnecessary jitter in the midpoint potential adjustment process. In order to avoid the midpoint voltage 

fluctuation problem that arises in the control process of the traditional voltage control method, two additional 

currents and are introduced, where represents the equivalent current source current, and is 

determined by and . The definition of is given below, can be obtained from the operation of the 

midpoint voltage through the proportional controller, where the proportionality factor is determined by the 

bandwidth and capacitance of the DC link. The control flow diagram of the control method is shown in 

Figure 2. 
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Figure 2. Control flow diagram based on proportion 

 
 

Substituting equation (7) into equation (8): 

 

                              (10)  

 

Based on this, introduce two DC-link currents and ，their definitions are as follows: 

 

                             
(11) 

 

Where represents the equivalent current source current, which is proportional to the active 

power, but is the auxiliary current determined by and , and the relationship is as follows: 

 

                            (12) 
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Therefore, it does not affect the power exchange between the photovoltaic system and the main AC 

grid, and can be set according to the need of the DC-link equivalent voltage. A suitable is as follows: 

 

                                   (13) 

 

In order to achieve proper dynamic performance, it is necessary to set the K, can be set as , 

especially when compared with the DC-link voltage its change is almost instantly completed. The bandwidth 

of the unbalanced voltage control loop of DC link is set as ， K can be expressed as follows: 

 

                                    (14) 

 

K and are deduced from the above analysis. 

 

3.1. PWM control technology 

In order to realize the control of the midpoint potential of the inverter, a suitable PWM technique is 

needed, and tracking of can be achieved through this PWM technique. The flow chart of PWM control 

technology is shown in Figure 3. 
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Figure 3. Ratio-based PWM control flow diagram 

 

 

Considering the reference chain voltages of u, v, and w cells, which can be expressed as follows:  

 
                          

(15) 

 
It can be derived from the above formula: 

 
                           

  (16) 

 
By substitution of (16) to (6): 
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                              (18) 

 

It can be determined that the setting of the reference voltage can be realized for any that meets 

the requirements, and by substitution of (17) to (11): 

 

                         
(19) 

 
Therefore, assuming that the sum of the phase currents is equal to zero, it can be found that in the 

the three-phase system with isolated star connection, the change of  does not depend on . Therefore,

can control according to the demand of the DC-link voltage without affecting the energy exchange 

between the photovoltaic system and the main AC grid. 

For the control of to be implemented, voltage and current sectors need to be considered. In the 

parity sector, (18) can be changed to: 
 

                          (20) 

 

Based on the value of each  in (20), the alternative relation of and can be 

determined. It can be seen that the minimum and maximum values of that can be seen from here are 

usually in correspondence with  or , and they are defined as: 

 

                             (21) 

 

Therefore, if there is at least one of is in the interval , it means that the plateau 

region of will appear. As previously assumed, since the sum of the currents of the phases in this region is 

equal to zero, the change of does not affect the value of . When is equal to zero, the maximum or 

minimum of in current sector II and V occurs. In this case, a given  may correspond to two different 

values: and . To ensure linear control of over its full range and that is within the time period. 

should be selected. In conclusion, for the given and  , we can choose  according to the 

analysis above, all the phase terminal voltages are calculated by formula (16), and the duty cycle of each 

bridge in the H and L states can be calculated by (7). 
 

 
4. SIMULATION ANALYSIS 

In order to verify the feasibility of the proposed method, a system simulation model was  

set up in MATLAB. Set the DC-link voltage to 1.5KV, the switching frequency to 10KHz, the sampling 

interval to 100us, the minimum pulse width to 0.8us, the power supporting the photovoltaic  

system is 30KVA, and the high and low side capacitor voltages of DC-link are set to 0.6pu and 0.4 

respectively. The simulation results are as follows. Figure 4 and Figure 5 show the changes of the  

midpoint voltage and current respectively. Figure 6 and Figure 7 show the voltage and current  
waveforms of the inverter input to the power grid respectively. The simulation results show that  

the method achieves the smooth control of the midpoint potential. At lower voltage and current ripples, 
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the stability of the midpoint potential control is ensured when the power changes, ensuring the quality of the 

electrical energy input to the grid. Harmonic detection output by inverter is controlled within 0.04. 

 

 

 
 

Figure 4. Midpoint potential change curve 
 

 

 
 

Figure 5. Midpoint current curve 

 

 

 
 

Figure 6. AC line voltage curve 
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Figure 7. AC phase current curve 

 
 

5. CONCLUDING REMARKS 

The scheme based on the proportional controller proposed in this paper, through the design of the 

proportional controller, combined with a new PWM technology to control the midpoint potential. The 

simulation results show that the method effectively suppresses the drift of the DC side capacitor voltage, 

reduces the ripple of voltage and current in the output power, and realizes the effectiveness of the midpoint 

potential control, and the harmonics input by the inverter to the grid energy are also within acceptable limits. 
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