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Abstract: In this paper, two predictive control methods, namely continuous control set MPC (CCS-MPC) and 

finite control set MPC (FCS - MPC), are applied to control Polysolenoid linear motors. These two approaches 

are based on the assumption that the voltage applied to the two windings on the stator of the motor is continuous 

or discontinuous. The method of choosing an objective function to ensure that the optimal problem always has a 

solution is also considered in both cases. Next, the prediction range guaranteeing the balance between the 

computing capability of the microcontroller and the advantages of each method is discussed. Finally, simulation 

results evaluate the system response to compare the performance of the two methods. 
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1. Introduction 

Polysolenoid motors with a tubular structure are used to create direct linear motion without 

intermediate mechanical mechanisms such as belts, screws, etc. This makes it possible for systems using linear 

motors to achieve high efficiency by eliminating individual oscillations of intermediate components. The 

working principle of the Polysolenoid motor is presented in [1-15]. For linear motors in general, the issue of 

concern is the responsiveness of position accuracy. This is also an issue that has attracted the attention of many 

researchers. The PID controller is applied in [16] with the advantage of a simple control design but not 

responding to the internal noise of the system. To improve the efficiency of the PID controller, the research in 

[17] combined PID with an iterative learning algorithm to improve the position accuracy in the repetitive 

operation of industrial robots. A linear motor is a nonlinear object represented in the model structure. In 

addition, the external disturbance is also an unpredictable component that affects the control quality of the 

system. To deal with external disturbance involving the system, the sliding control method [18-22] is a 

commonly applied method. These methods are particularly effective with friction disturbance because it is a 

factor that cannot be modeled precisely. In [18], a sliding surface with a fixed response time is performed to 

drive the system state to convergence after a fixed time interval. Super-twisting sliding mode is used in [19], 

achieving a good effect with the impact of the external disturbances on the system through experimental results. 

In [20], a sliding controller combined with an adaptive disturbance observer is applied to the PLMSM. In this 

study, the stability is proven according to Lyapunov, and the position error converges to zero in a finite time. 

Discrete-time fast terminal sliding mode is used in [21] to improve the steady-state performance of the system. 

In [22], the adaptive fractional order (FO) terminal sliding mode control is applied to PLMSM with the 

advantage that the sign function does not exist in the switching input, thus limiting the chattering behavior of the 

sliding control method. 

From the above analysis, we see that the sliding control method can deal with disturbances and reduce 

the computation time of the controller, which is especially significant for systems where the processing capacity 

of the microprocessor is limited. Currently, the technology of manufacturing microcontrollers has developed 

tremendously, making it possible for us to apply complex control algorithms to motor drives in the industry. 

That is why model predictive control (MPC) for electric motors has begun to be exploited. Recently, MPC has 

been started to be applied to control electric drive systems and power electronic systems. Studies on MPC have 

successfully implemented speed control with rotary motors [23-25]. The characteristic of MPC is that it requires 

a large amount of computation because it is involved in selecting the prediction range when applied. With the 

MPC implemented for Polysolenoid motors, the precise response of the inner loop with sampling time is often 

smaller than that of the outer loop. The effect is that the system can achieve the exact position according to the 

reference value when the outer loop controller is just a PI controller. 

 

2. Mathematical Model of Polysolenoid Motors 

The structure of the Polysolenoid motor is shown in Figure 1. The two windings of the motor are 

powered by a two-phase voltage source inverter, depicted in Figure 2. 
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Figure 1: Polyslenoid Motor [1,3] 

 

 
Figure 2: Structure of the Voltage Source Inverter for Polysolenoid Motor. 

 

The mathematical model of Polysolenoid motor on the 𝑑𝑞-coordinate system is as below [8]: 
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From (1), the continuous current model of the Polysolenoid motor on the 𝑑𝑞-coordinate system is 

driven as: 
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A  System matrix. 
B  Input matrix. 

N  Non-linear compound matrix. 

S  Noise matrix. 

 

3. Control Design 

From the continuous model, we can determine the discrete-time model of the stator current as below: 

     1dq dq dq pk k k    i Φi Hu h                                        (3) 
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Where Ts is the sampling time of the current. 

Based on the discrete-time model, we build a predictive model with  est

dq k ii  is the predicted current 

value at the next i-th sample compared to the current time. From (3), we have: 

     1est est

dq dq dq pk i k k i k k i       i Φi Hu h                                                    (4) 

In which at the current time k :    est

dq dqk ki i ,  dq k iu  denotes the control signal at the next i-th 

sample. The intended use of dqu  is to distinguish it from the actual control signals applied to the system 

   , 1dq dqk k u u , etc. With the prediction range pN , the MPC solves the optimization problem in which 

control voltage vectors        , 1 ,....., 1dq dq dq dq pk k k k N   u u u u  are variables. 

The objective function of the optimization problem can be chosen arbitrarily, but the solution does not 

always exist for the chosen objective function. To solve the problem that the objective function may not have a 

solution in some cases, we choose the selected objective function of the following quadratic form: 
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Where   1ddiag Q  is a positive definite diagonal matrix, d is the coefficient representing the 

weight of the current deviation from 
ref

d di i  to 
ref

q qi i in the objective function J , 
ref

dqi is the reference signal 

coming from the output of the speed controller.  

Due to the fast current-driven loop kinematics, the prediction range pN is chosen to be small in order to 

reduce the computational weight in (5), ensuring the performance of the controller. In addition, in industrial 

applications, the sampling cycle of the current loop is many times faster than that of the speed loop. Combining 

the above reasons, we can consider the speed and angular position of the motor to be constant during one 

sampling cycle resulting in the constant 
ref

dqi in Equation (5). 

 

Select the Objective Function with the CCS-MPC Method 

With the CCS-MPC method, we consider the voltage supplied to the two windings of the motor to be 

continuous. Due to the limitation on modulation, the voltage will be in a bounded, continuous set. The 

modulation domain with the CCS-MPC method is shown in Figure 3. 
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Figure 3: Modulation Plane on the αβ-Coordinate System with the CCS-MPC. 

 

From (5), considering the particular case with the continuous modulation domain, we choose the 

prediction range Np. 

To reduce the computation time for the current control loop, we choose the prediction range 1pN  . 

The optimization problem (5) with the function is transformed to the quadratic form with    dq dqk ku u  is 

the optimal variable as follows: 
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Subject to:  1

con dq conk A R u B  

Where C is the component that depends only on the current state and the current velocity, not on 

 dq ku . Solving the optimization problem by QP (quadratic programming) method, we obtain the required 

voltage value  dq ku . 

 

Select the Objective Function with FCS-MPC Method 

The disadvantage of the CCS-MPC method is that solving the maximal problem requires a lot of 

computation time, even though the solution that minimizes the most computational time is selected, i.e, 1pN  . 

For objects with discontinuous nature, such as power converters, the FCS-MPC method is very 

effective. This method is based on a finite number of possible valve combinations of the power converter. The 

FCS-MPC optimization problem can be easily solved by a finite number of iterations. However, the number of 

these loops will increase exponentially with the prediction range. This leads to a significant increase in 

computation time and loss of the advantage of the method.  

With the FCS-MPC method, the prediction range is selected as 2.pN  Then the objective function has 

the following form 
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Where 
iSu  is the stator voltage vector generated by the switching state 

iS , 
0u is the zero voltage 

vector, ref

dqi is the reference current vector, Si are the basis vectors formed by the fixed valve opening and closing 

combination. These basis vectors are shown in Figure 4. 

 

 
Figure 4: The Basis Vectors used in the FCS-MPC Method. 

 

4. Simulation Results 

To find out the level of awareness on healthy dietary habits among prospective teachers.The motor 

parameters are described in Table. 1. 

 

 

Table 1: Motor Parameters 

Motor Parameters Symbol Value Unit 

d axis stator inductance Lsd 1.4 mH 

q axis stator inductance 34 1.4 mH 

Stator resistance Lsq 10.3 Ω 

Rotor flux ψp 0.035 Wb 

Number of pole pair zp 2  

Pole step τp 0.02 m 

 

System simulation is performed in two cases: 

Case 1: Simulate the response of FCS-MPC and CCS-MPC current regulators to the change in the 

reference of the current loop. The initial reference current is 0.25A. Then this value increases to 0.5A at t = 0.5s. 
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Figure 5: q-Axis Current Response. 

 

 
Figure 6: d-Axis Current Response. 

 

Comment: When changing the reference current value iq, the current responses on d- and q- axes are 

shown in Figure 6 and Figure 7. The q-axis currents of both CCS-MPC and FCS-MPC methods track to the 

reference value, as shown in Figure 6. With the CCS-MPC method, the response current tracks to the reference 

value without an overshoot. The response current value of the FCS-MPC method still has a small amount of 

overshoot. Besides, the smoothness of the current of the FCS-MPC method is worse than that of the CCS-MPC 

method.  

From the response of the d-axis current, as depicted in Figure 7, we can see that there is still a current 

deviation with the FCS-MPC method. However, the value of this deviation is acceptable. This is because, with 

the FCS-MPC method, the basis vector with the closest value is selected after each optimization problem. 

Therefore, it may not coincide with the vector that the CCS-MPC method needs to modulate with the solution of 

the optimization problem in the objective function. 

 

Case 2: Simulate system position response with FCS-MPC and CCS-MPC current controllers. 

The outer loop controller has the parameters given by Table.2. 

 

Table 2: Control Parameters 

Control Parameters Symbol Controller 

Proportional gain of the position controller kpp 40 

Proportional gain of the speed controller kpω 0.1 

Integral gain of the speed controller kiω 10 
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Figure.7 Control Structure of the System with CCS-MPC Method. 

 

 
Figure 8: Control Structure of the System with FCS- MPC Method. 

 

 
Figure 9: Position Response. 
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Figure 10: Position Error. 

 

 
Figure 11: q-Axis Current Response. 

 

 
Figure 12: d-Axis Current Response. 
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Comments: When the thrust loop achieves fast and precise kinematics, a simple PI-type controller can 

be selected in the outer loop while still responding to the position accurately. When the thrust loop achieves fast 

and accurate kinematics, we can choose a simple PI controller in the outer loop that can still satisfy the precise 

response of the position. In the position control problem with two methods of designing thrust loops, CCS-MPC 

and FCS-MPC, the response value follows the exact reference value, as shown in Figure 10. From the results of 

position deviation and current response on d- and q- axes, as shown in Figures 10, 11, 12, we see that the CCS-

MPC method gives better results than the FCS-MPC method. With the FCS-MPC method, the smoothness of 

the current is not as good as that of the CCS-MPC method. This is reasonable since the basis vector set of the 

FCS-MPC method is finite. The control designer sets this number of vectors, and we can actively change this 

number of base vectors to improve the smoothness of the current. 

 

5. Conclusions 

This paper has designed a controller for Polysolenoid motor using CCS-MPC and FCS-MPC methods. 

We can choose one of two methods that meet the output quality requirements from the power requirements, 

quality, and hardware constraints. Some typical properties of the FCS-MPC method that can replace CCS-MPC 

when limited in the processing capacity of the integrated microprocessor in the system are as below: 

 Based on the discontinuous nature of the voltage applied to the motor through the converter, the FCS 

MPC can completely ignore the vector modulation compared to the CCS-MPC if the selected finite 

vector set coincides with the base vector set. Thus, the computational weight of the controller is 

reduced. 

 Because the finite vector set is predetermined, the FCS-MPC method does not have to determine the 

modulation limit domain into account as for the CCS-MPC. This is important in some converters with 

complex modulation domains. 

 The optimization problem using FCS-MPC always has a solution because the domain of the optimal 

variables is finite, and the solution time is short. In addition, the objective function is not necessarily of 

the quadratic form. In addition, with a nonlinear object model, the FCS method can still be solved 

quickly, while the MPC CCS method becomes less efficient because the objective function is not of the 

quadratic form. 

There is a feature we can notice, with the FCS-MPC method, when the selected base vector set 

increases to fill the modulation domain, it will become the CCS-MPC method. 
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