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 This paper uses the five-level neutral-point clamped (NPC) inverter to feed 

an electric vehicle's traction motor-interior permanent magnet synchronous 

motor (IPMSM). The model predictive control method controls the energy 

conversion process according to the model with two prediction steps. The 

advantage of this method is its fast response, which increases the ability to 

operate the converter with good voltage quality. Model predictive control 

(MPC) control is a closed-loop strategy with much potential when 

integrating multiple control objectives; the calculation process is compact 

without complex modulation. Within the scope of this article, the MPC 

strategy will be implemented with two control goals for NPC, including 

output load current and capacitor voltage balance with low switching 

frequency. The simulation results on MATLAB/Simulink software were 

performed to verify the proposed algorithm's effectiveness in minimizing the 

grid current's harmonics and ensuring an uninterrupted power supply. 
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1. INTRODUCTION 

Recently, power electronic converters have played an essential role in improving the quality of 

output voltage supplied to traction motors of electric vehicles. Several inverter topologies that can be used 

have been reported in [1]–[3]; one of the most promising inverters is the NPC multilevel inverter (point 

clamped neutral inverter). Neutral-point clamped (NPC) is widely used in alternating current (AC) drive 

applications and power electronics systems. Because it can provide a variety of output AC voltage levels. 

Therefore, NPC is suitable for voltage levels from low, medium, and high [4], [5]. This significantly reduces 

the voltage stress on the semiconductor valves during operation. With this inverter, it is possible to increase 

the value of conversion capacity and simplify the process of selecting filter parameters to improve filtering 

ability more effectively. The harmonic quality of current and voltage is improved [6]. The disadvantage of 

this configuration is that it is necessary to balance the direct current (DC) link capacitor voltage value when 

implementing control measures [4]. Controlling the NPC inverter is important because it determines the 

quality of operation and overall performance of the system. Many control techniques have been reported in 

the literature [7]–[11]; Most of them are focused on improving the quality of current and voltage and 

balancing the voltage on capacitors. Modulation methods for NPC are also introduced in [12]–[14] including 

space vector modulation (SVM) and pulse width modulation (PWM) modulation algorithms. However, the 
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combination of control and modulation algorithms still has many disadvantages, such as slow response and 

the effectiveness of DC-link capacitor voltage balance not being stable. Recently, model predictive control 

(MPC) has been researched and applied in power electronics because it has many advantages, such as fast, 

accurate and stable action. The documents present research for MPC control in power electronics [15]–[21]. 

The goal is to exploit NPC performance. This paper studies the finite control set-model predictive control 

(FCS-MPC) method to apply to NPC inverter. The goal is to control many parameters simultaneously, such 

as output load current and capacitor voltage balance. This method uses discrete-time models of the converter 

and load to predict the future behaviour of the load current and DC-link capacitor voltage for all possible 

switching states. This study uses a two-step prediction model to improve load current regulation to improve 

converter performance to create the quality of voltage to feed interior permanent magnet synchronous motor 

(IPMSM). 

 

 

2. MODEL OF NPC INVERTER FED IPMSM  

An electric car’s drive system comprises the interior permanent magnet (IPM) motor fed by an NPC 

inverter. This drive system's modelling includes the IPM motor and the forces acting on it is using the field-

oriented control (FOC) method and a 5-level NPC inverter with predictive control. In this system, the motor 

provides the traction force for the car to move, and the NPC inverter provides energy for the car's traction 

motor to operate. 

 

2.1.  Modeling the IPM motor and external forces  

The IPM motor with the FOC control method is built upon the 𝑑𝑞 coordinate system due to its 

modelling and control design advantages. With inductances 𝐿𝑑 different from 𝐿𝑞, the motor torque includes 

an additional component and the reluctance torque. The mathematical equations describe the motor as (1): 

 

{
 
 
 
 

 
 
 
 
𝑑𝑖𝑠𝑑

𝑑𝑡
= −

1

𝑇𝑠𝑑
𝑖𝑠𝑑 + 𝜔𝑠

𝐿𝑠𝑞

𝐿𝑠𝑑
𝑖𝑠𝑞 +

1

𝐿𝑠𝑑
𝑈𝑠𝑑

𝑑𝑖𝑠𝑞

𝑑𝑡
= −𝜔𝑠

𝐿𝑠𝑞

𝐿𝑠𝑑
𝑖𝑠𝑑 −

1

𝑇𝑠𝑞
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1

𝐿𝑠𝑞
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𝜓𝑝

𝐿𝑠𝑞

𝜓𝑠𝑑 = 𝐿𝑠𝑑𝑖𝑠𝑑 + 𝜓𝑝
𝜓𝑠𝑞 = 𝐿𝑠𝑞𝑖𝑠𝑞

𝑇𝑒 =
3

2
𝑝𝑝(𝜓𝑝𝑖𝑠𝑞 − 𝑖𝑠𝑑𝑖𝑠𝑞(𝐿𝑠𝑑 −𝐿𝑠𝑞))

𝑇𝑒 − 𝑇𝐿 =
𝐽

𝑝𝑝

𝑑𝜔

𝑑𝑡

 (1) 

 

where 𝑈𝑠𝑑, 𝑈𝑠𝑞 , 𝑖𝑠𝑑 , 𝑖𝑠𝑞 , 𝜓𝑠𝑑, 𝜓𝑠𝑞  are voltages, currents, and fluxes of the stator on d and q-axis; Rs, 𝐿𝑠𝑑, and 

𝐿𝑠𝑞  are the stator resistance, the stator inductances on 𝑑𝑞, ωs is the angular velocity of the motor, 𝜓𝑝 is the 

rotor flux, 𝑝𝑝 is the number of pole pairs of the motor; 𝑇𝑒, 𝑇𝐿  are the motor output torque, the load torque; 𝐽 is 

the moment of inertia of the motor, 𝑇𝑠𝑑 =
𝐿𝑠𝑑

𝑅𝑠
 is the d-axis time constant of the stator circuit and is the q-axis 

time constant of the stator. 

As the vehicle moves, resistance forces comprise of two components: air resistance and the vehicle's 

friction with the air [22]–[24]. These two components combined form the wind resistance force as (2): 

 

𝐹𝑤𝑖𝑛𝑑 =
1

2
𝜌𝐶𝑑𝐴𝑓(𝑣𝑣𝑒ℎ + 𝑣𝑤𝑖𝑛𝑑)

2  (2) 

 

Where 𝜌 is the air density, Cd is the coefficient of air resistance (typically: 0.2 < Cd < 0.4) and Af is the frontal 

area of the vehicle's body (cross-sectional area), and 𝑣𝑤𝑖𝑛𝑑 is the wind speed. The rolling friction force can be 

calculated as [25]: 
 

𝐹𝑟𝑜𝑙𝑙 = 𝑓𝑟𝑚𝑣𝑔 𝑐𝑜𝑠 𝛼 (3) 

 

where 𝑚𝑣 is the total mass of the vehicle and passengers, g is the gravitational acceleration, α is the slope 

angle, 𝑓𝑟 is the coefficient of rolling resistance calculated by the formula: 
 

𝑓𝑟 = 0.01 (1 +
3.6

100
𝑣𝑣𝑒ℎ) (4) 

 

With 𝑣𝑣𝑒ℎ being the velocity of the vehicle. 
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2.2.  Modeling the NPC inverter 

The NPC converter in this study is a three-phase inverter, which structure includes four legs and five 

voltage levels, the output filter of which is shown in Figure 1. This structure differs from the basic NPC 

inverter which is additional an additional leg connected to the neutral point of the load. The inverter includes 

16 semiconductor valves and 8 clamping diodes. Table 1 describes the switching states corresponding to the 

inverter terminal voltage. 

 
 

Rf
Lf

Rn
Ln

Filter

IPM

ic

ib

ia

v a
n

v b
n

v c
n

 
 

Figure 1. Schematic of NPC structure replacement connected to IPM 

 

 

Table 1. The output voltage of the NPC inverter corresponds to the IGBT valve switching states (x = a, b, c, n)  
𝑺𝒙 𝑺𝟏𝒙 𝑺𝟐𝒙 𝑺𝟑𝒙 𝑺𝟒𝒙 𝒗𝒙𝑵 

1 1 1 0 0 𝑣𝑐1 + 𝑣𝑐2 

0 0 1 1 0 𝑣𝑐2 

-1 0 0 1 1 0 

 

 

According to Table 1, the number of available switching combinations for this variable can be 

calculated as 81(34). The voltage in each phase of the inverter is measured from the negative point of the  

DC-link (N) and the middle point of each phase and is expressed in terms of the valve switching state and the 

voltage of the DC capacitors as (5): 

 

[

𝑣𝑎𝑛
𝑣𝑏𝑛
𝑣𝑐𝑛
𝑣𝑛𝑁

] = 𝑣𝑐1 [

𝑆1𝑎
𝑆1𝑏
𝑆1𝑐
𝑆1𝑛

] + 𝑣𝑐2 [

𝑆2𝑎
𝑆2𝑏
𝑆2𝑐
𝑆2𝑛

] (5) 

 

The inverter's output voltages are expressed as the midpoint (𝑛) of the neutral point as (6). 

 

[

𝑣𝑎𝑛
𝑣𝑏𝑛
𝑣𝑐𝑛

] = [

𝑣𝑎𝑁 − 𝑣𝑛𝑁
𝑣𝑏𝑁 − 𝑣𝑛𝑁
𝑣𝑐𝑁 − 𝑣𝑛𝑁

] (6) 

 

Solving (1) and (2) yields the load voltage, which is written as (7). 

 

[

𝑣𝑎𝑛
𝑣𝑏𝑛
𝑣𝑐𝑛

] = 𝑣𝑐1 [

𝑆1𝑎 − 𝑆1𝑛
𝑆1𝑏 − 𝑆1𝑛
𝑆1𝑐 − 𝑆1𝑛

] + 𝑣𝑐2 [

𝑆2𝑎 − 𝑆2𝑛
𝑆2𝑏 − 𝑆2𝑛
𝑆2𝑐 − 𝑆2𝑛

] (7) 

 

From (7), it can be considered that each branch in a phase of the NPC is equivalent to a voltage 

source. Therefore, the equivalent diagram of the inverter is shown in Figure 1, where 𝑛 and 𝑜 are the 

converter neutral and the load, respectively. According to Kirchhoff's law applies to the current and voltage 

in the circuit of Figure 1, the AC side voltage of the inverter is expressed as (8): 

 

[

𝑣𝑎𝑛
𝑣𝑏𝑛
𝑣𝑐𝑛

] = 𝑅𝑓 [

𝑖𝑎
𝑖𝑏
𝑖𝑐

] + 𝐿𝑓
𝑑

𝑑𝑡
[

𝑖𝑎
𝑖𝑏
𝑖𝑐

] + [

𝑅𝑎 0 0
0 𝑅𝑏 0
0 0 𝑅𝑐

] [

𝑖𝑎
𝑖𝑏
𝑖𝑐

] − 𝑅𝑛𝑖𝑛 − 𝐿𝑛
𝑑

𝑑𝑡
𝑖𝑛 (8) 
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where Rf = Rfa = Rfb = Rfc và Lf = Lfa = Lfb = Lfc 

In Figure 1, we can determine the equation that describes the relationship between the neutral load 

current and the load current as (9). 

 

𝑖𝑛 = −(𝑖𝑎 + 𝑖𝑏 + 𝑖𝑐) (9) 

 

By substituting (9) into (8), the AC side voltage of the inverter can be expressed independently of the neutral 

current of the load as (10). 

 

 [

𝑣𝑎𝑛
𝑣𝑏𝑛
𝑣𝑐𝑛

] = 𝑅𝑒𝑞 [

𝑖𝑎
𝑖𝑏
𝑖𝑐

] + 𝐿𝑒𝑞
𝑑

𝑑𝑡
[

𝑖𝑎
𝑖𝑏
𝑖𝑐

]  (10) 

 

In there: 𝑅𝑒𝑞 = [

𝑅𝑓 + 𝑅𝑛 + 𝑅𝑎 0 0

0 𝑅𝑓 + 𝑅𝑛 + 𝑅𝑎 0

0 0 𝑅𝑓 + 𝑅𝑛 + 𝑅𝑎

]; 𝐿𝑒𝑞 = [

𝐿𝑓 + 𝐿𝑛 𝐿𝑛 𝐿𝑛
𝐿𝑛 𝐿𝑓 + 𝐿𝑛 𝐿𝑛
𝐿𝑛 𝐿𝑛 𝐿𝑓 + 𝐿𝑛

] 

 

Performing differential (10), we get the differential equation of load current as (11). 

 

𝑑

𝑑𝑡
[

𝑖𝑎
𝑖𝑏
𝑖𝑐

] = 𝐿𝑒𝑞
−1𝑅𝑒𝑞 [

𝑖𝑎
𝑖𝑏
𝑖𝑐

] + 𝐿𝑒𝑞
−1 [

𝑣𝑎𝑛
𝑣𝑏𝑛
𝑣𝑐𝑛

] (11) 

 

Relationship between the DC-link capacitor voltage through the DC-link capacitor current presented 

as (12).  

 

{

𝑑

𝑑𝑡
𝑣𝑐1 =

1

𝐶1
𝑖𝑑𝑐1

𝑑

𝑑𝑡
𝑣𝑐2 =

1

𝐶2
𝑖𝑑𝑐2

   (12) 

 

where the currents 𝑖𝑑𝑐1 and 𝑖𝑑𝑐2 are calculated according to the three-phase load currents (𝑖𝑎, 𝑖𝑏  and 𝑖𝑐) and 

the switching states of the inverter are as (13):  

 

{
𝑖𝑑𝑐1 = 𝐾𝑎 . 𝑖𝑎 + 𝐾𝑏 . 𝑖𝑏 + 𝐾𝑐 . 𝑖𝑐
𝑖𝑑𝑐2 = 𝑄𝑎 . 𝑖𝑎 + 𝑄𝑏 . 𝑖𝑏 + 𝑄𝑐 . 𝑖𝑐

  (13) 

 

Here 𝐾𝑥 and 𝑄𝑥 represent the level voltage, expressly: 

 

𝐾𝑥 = 𝑠𝑔𝑛{𝑆𝑛 − 1} − 𝑠𝑔𝑛{𝑆𝑥 − 1} 
𝑄𝑥 = 𝑠𝑔𝑛{𝑆𝑛 + 1} − 𝑠𝑔𝑛{𝑆𝑥 + 1}  (14) 

 

where 𝑆𝑛 and 𝑆𝑥 are the switching states correspond to neutral levels and phase. 𝑠𝑔𝑛 is an argument sign 

whose value corresponds to 0, 1, or −1. From on (7) and (9), We can determine the switching states related to 

the value of the load current and voltage of the DC-link capacitor. Furthermore, they are controlled by 

selecting appropriate switching states. 

 

 

3. FINITE CONTROL SET - MODEL PREDICTIVE CONTROL FOR NPC 

3.1.  Control strategy 

Figure 2 shows the FCS-MPC control proposed for NPC to adjust the load current and balance the 

voltage of the DC-link capacitor. This method uses a discrete system model, the current states (time k). The 

advantage of this method is that it does not need to use a PI controller and modulation stage like other 

methods, so it reduces complexity in model implementation. When continuing the prediction in step 2 (N=2), 

the number of switching states will increase. This process will require more computation by the controller. 

However, it will perform better than a one-step prediction and reduce the valve switching frequency [18]. To 

minimize the calculation of the inverter's switching steps at time 𝑘+2, in this article, the algorithm will select 

the best state at prediction step k and eliminate unnecessary states to perform 𝑘+2 prediction steps, and the 

best working state that minimizes the objective function will be selected, the process is shown in Figure 3. 

The next process is repeated throughout the inverter's working time. 
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Figure 2. FCS-MPC control structure for NPC inverter combined with FOC control algorithm 

 

 

3.2.  Build up the cost function 

The cost function is determined to have two goals: minimize the error between the predicted load 

current 𝑖𝑘+2  and its set value at time 𝑘 + 2 (𝑖∗𝑘+2); and the voltage balance of DC-link capacitors. These two 

goals are expressed as (15). 

 

𝐽𝑖𝑥
𝑘+2 = [𝑖𝑥

∗𝑘+2 − 𝑖𝑥
𝑘+2]2; 𝐽𝑣𝑐

𝑘+2 = 𝜆𝑑𝑐[𝑣𝑐1
𝑘+2 − 𝑣𝑐2

𝑘+2]2(𝑥 = 𝑎, 𝑏, 𝑐) (15) 

 

where 𝜆𝑑𝑐 is the weighting coefficient, its value is adjusted according to the desired performance.  

However, because the set value during NPC operation is constant, it can be considered that the set value 

at time 𝑘+2 is approximately equal to the set value at time 𝑘. Then the cost function (15) is rewritten as (16). 

 

𝐽𝑖𝑥
𝑘+2 = [𝑖𝑥

∗𝑘+2 − 𝑖𝑥
𝑘]2; 𝐽𝑣𝑐

𝑘+2 = 𝜆𝑑𝑐[𝑣𝑐1
𝑘+2 − 𝑣𝑐2

𝑘+2]2 (16) 

 

From (16), it can be deduced that the overall cost function for the control objective is as (17): 

 

𝐽𝑘+2 = 𝐽𝑖𝑥
𝑘+2 + 𝐽𝑣𝑐

𝑘+2 (17) 

 

The transition state to minimize the cost function is selected and used to apply at the next sampling time in a 

continuously repeating cycle. 

 

3.3.  Mathematical relationship with two-step prediction of variables 

As analyzed in Figure 3(a), the objective function must give the predicted load current value 𝑖𝑘+2 

and capacitor voltage 𝑣𝑐1
𝑘+2and 𝑣𝑐2

𝑘+2 in discrete time form. To do this, the predicted load current is obtained 

from the continuous-time state model of the system from formula (11) and is expressed: 

 

[

𝑖𝑎
𝑘+1

𝑖𝑏
𝑘+1

𝑖𝑐
𝑘+1

] = 𝑃 [

𝑖𝑎
𝑘

𝑖𝑏
𝑘

𝑖𝑐
𝑘

] + 𝑄 [

𝑣𝑎𝑛
𝑘

𝑣𝑏𝑛
𝑘

𝑣𝑐𝑛
𝑘

] (18) 

 

In there: 𝑃 = 𝑒−𝐿𝑒𝑞
−1𝑅𝑒𝑞𝑇𝑠; 𝐻 = ∫ 𝑒−𝐿𝑒𝑞

−1𝑅𝑒𝑞𝑇𝑠𝐿𝑒𝑞
−1𝑑𝑡 = (−𝐿𝑒𝑞

−1𝑅𝑒𝑞)
−1
(𝑃 − 𝐼3𝑥3)𝐿𝑒𝑞

−1𝑇𝑠

0
, continue with the interruption of 

the predicted load current at time 𝑘+2 described: 

 

[

𝑖𝑎
𝑘+2

𝑖𝑏
𝑘+2

𝑖𝑐
𝑘+2

] = 𝑃 [

𝑖𝑎
𝑘+1

𝑖𝑏
𝑘+1

𝑖𝑐
𝑘+1

] + 𝐻 [

𝑣𝑎𝑛
𝑘

𝑣𝑏𝑛
𝑘

𝑣𝑐𝑛
𝑘

] (19) 
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This equation demonstrates the first-order dynamics of the model describing the system in (5)-(14). Therefore, 

this paper only considers the first-order Euler approximation for the derivative with enough accuracy as (20): 

 
𝑑

𝑑𝑡
𝑥 =

1

𝑇𝑆
(𝑥𝑘+1 − 𝑥𝑘)  (20) 

 

By substituting (16) in (8), the voltage of the DC-link capacitor is expressed as a discrete-time as (21):  
 

{
𝑣𝑐1
𝑘+1 = 𝑣𝑐1

𝑘 +
𝑇𝑠

𝐶1
𝑖𝑑𝑐1
𝑘+1

𝑣𝑐2
𝑘+1 = 𝑣𝑐2

𝑘 +
𝑇𝑠

𝐶2
𝑖𝑑𝑐2
𝑘+1

  (21) 

 

where Ts is the sampling time, C1 and C2 are the capacitance of the two DC-link capacitors respectively. The 

DC-link capacitor current is expressed in discrete time as (22). 

 

{
𝑖𝑑𝑐1
𝑘+1 = 𝐾𝑎 . 𝑖𝑎

𝑘 + 𝐾𝑏 . 𝑖𝑏
𝑘 + 𝐾𝑐 . 𝑖𝑐

𝑘

𝑖𝑑𝑐2
𝑘+1 = 𝑄𝑎 . 𝑖𝑎

𝑘 + 𝑄𝑏 . 𝑖𝑏
𝑘 + 𝑄𝑐 . 𝑖𝑐

𝑘
 (22) 

 

By converting the variables into a future sample, we get the voltage of the DC-link capacitor for two-step 

prediction is obtained as shown in (23).  

 

{
𝑣𝑐1
𝑘+2 = 𝑣𝑐1

𝑘+1 +
𝑇𝑠

𝐶1
𝑖𝑑𝑐1
𝑘+2

𝑣𝑐2
𝑘+2 = 𝑣𝑐2

𝑘+1 +
𝑇𝑠

𝐶2
𝑖𝑑𝑐2
𝑘+2

 (23) 

 

In there: 

 

 {
𝑖𝑑𝑐1
𝑘+2 = 𝐾𝑎 . 𝑖𝑎

𝑘+1 + 𝐾𝑏 . 𝑖𝑏
𝑘+1 + 𝐾𝑐 . 𝑖𝑐

𝑘+1

𝑖𝑑𝑐2
𝑘+2 = 𝑄𝑎 . 𝑖𝑎

𝑘+1 + 𝑄𝑏 . 𝑖𝑏
𝑘+1 + 𝑄𝑐 . 𝑖𝑐

𝑘+1
  (24) 

 

From the above analysis and construction of the control model, the flow chart describes the algorithm as 

shown in Figure 3(b). 

 

 

Ts Ts

x

xref(k)

t(k) t(k+1) t(k+2)

t

x1(k+1)

x3(k+1)

x2(k+1)

x2(k+2)

x1(k+2)

x3(k+2)

x(k)

x4(k+1)

x4(k+2)

xref(k+2)

 

Calculate the cost function 

Jk+2 based on equation (17)

No

Yes

Yes

No

Select status optimal valve open and close

Perform close anh open of valves Sk

Measure

vC1(k), vC2(k),

ia,b,c(k)
Calculate ia,b,c(k+2), vC1(k+2), 

vC1(k+2) based on equation (14), 

(19), (21) and (23) for Sx(k)
 

ia,b,c_ref(k)

Jk+2 < Jmin ?

Sxj = Sxj(k) và Jmin = Jk+2

Jmin =   

K = 1÷81 

vC1,2_ref(k)

K = 81 ?

 
(a) (b) 

 

Figure 3. Predictive control principles (a) description of the two-step signal prediction state of the FCS-MPC 

control strategy and (b) algorithm flow chart of FCS-MPC control strategy for NPC 
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4. SIMULATION RESULTS OF FCS-MPC CONTROL STRATEGY FOR NPC 

In section 4, the speed, current, and voltage responses will be evaluated when applying the 

predictive control strategy for the 5-level NPC inverter model and FOC control design for the IPM motor 

drive for electric vehicles. The simulation parameters of the electric vehicle are indicated in Tables 2 and 3. 

The testing conditions are based on the standard urban cycle of Europe ECE [26]. 

 

 

Table 2. Parameters of IPM motor 
Parameters Symbol Value Unit 

Stator resistance Rs 6.5e-3 Ohm 
d-axis inductance Lsd 1.597e-3 H 

q-axis inductance Lsq 2.057e-3 H 

Moment of inertia J 0.09 kg.m2 
Number of pole pairs pp 4  

DC voltage Vdc 550 V 

 

 

Table 3. Parameters of electric car and the environment 
Parameters Value Unit 

Vehicle weight + load 2018 kg 
Wheel radius 0.3 m 

Transmission ratio 9.73  
Maximum speed 130 km/h 

Effective area 2.3 m2 

Air density 1.25 kg/m3 
Road gradient 0  

Rolling resistance coefficient 0.02  

 

 

Figures 4 to 6 demonstrate the system's responses. Figure 4 shows the response of the reference 

speed curve based on the standard urban cycle of Europe ECE coincident with that of the actual speed curve 

with three modes of operation: accelerating, holding, and braking. Figure 5 demonstrates that the output 

voltage has a five-level form and no transients; the levels are always stable in all three phases. The voltage on 

capacitors 𝐶1 and 𝐶2 is shown in Figure 6, and the voltages of capacitors 𝑣𝑐1 and 𝑣𝑐2 always stick to their 

rated value of 275 V, corresponding to half the voltage. DC-bus 𝑉𝐷𝐶, fluctuation amplitude is no more than 

5%; this is the acceptable range when NPC operates.  

In the test scenario, the reference load current in the rating range is determined to be 300 A with a 

base frequency of 50 Hz. According to the steady state results, the output load current has a standard 

sinusoidal shape, as shown in Figure 7(a), and no transients exist. A fast Fourier transform (FFT) analysis is 

performed to check the current quality of the load. The spectral content is calculated up to the 40 th harmonic. 

The total harmonic distortion (THD) value of the load current is shown in Figure 7(b); we see that under 

steady-state conditions, the total harmonic distortion of the load current is 0.20%, which is a good result. To 

investigate the instantaneous response of the load current, the process of changing the load value 

corresponding to the load current is evaluated and shown in Figure 7(c). The results show that the predictive 

controller quickly responds to the load current. With load variations and error compensation, the voltage 

value on capacitors does not fluctuate during this period. 
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Figure 4. The speed response  
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Figure 5. The output voltage value of the NPC inverter 
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Figure 6. The voltage on capacitors 𝐶1 and 𝐶2 on the DC-link side 
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Figure 7. AC side current result (a) the three-phase current on the load is stable, (b) analyze the THD index of 

the load current when stable, and (c) the three-phase current on the load varies 
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5. CONCLUSION 

 This study proposes an FCS-MPC control strategy with a two-step prediction range to control a 

three-phase, four-pin NPC converter and applied motor control with an FOC control algorithm. Control 

process FCS-MPC for two steps has reduced the controller calculation process, reducing the valve switching 

frequency to an acceptable level. The algorithm result is evaluated by the cost function at the minimum 

value, corresponding to the value of the load current, has a standard sinusoidal shape with low THD, and the 

voltage of the DC-Link capacitors is balanced. These values will be predicted for the appropriate switching 

state to apply to the NPC. The FOC control method is used to control the speed of electric car motors, so they 

operate well in real situations, increase longevity, protect the engine, and save energy. The proposed method 

of the article is an excellent solution to control the operation of electric cars. The feasibility of the proposed 

algorithm was verified by detailed simulation and evaluation. 
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