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ABSTRACT 

Field-oriented control is one of the well-established vector control strategies for induction 

motor drives. However, its cascaded structure and requirement of a modulator for constant 

switching frequency operations makes it complex and computationally expensive. Model 

predictive control (MPC) is a novel control strategy used for AC motor drives. In this paper, a 

finite control set model predictive control (FCS-MPC) based field-oriented control (FOC) is 

presented. The Finite control set model predictive field-oriented control (FCS-MPFOC) 

utilizes a cost function that quantifies the error between the reference and anticipated current 

values for all the potential voltage vectors of the voltage source inverter. The voltage vector 

that generates the lowest value of the cost function is directly implemented on the inverter to 

produce the drive voltage. The efficiency of the proposed method is authenticated by using a 

three-phase induction motor, fed via a two-level three-phase voltage source inverter in the 

MATLAB/Simulink environment under various speeds, load torque, and model parameter 

mismatch situations. In order to authenticate the performance of the proposed strategy, it is 

compared with traditional model predictive torque control. Simulation results show that the 

proposed method performed significantly well in total current harmonic distortion, flux and 

torque ripples, switching frequency, and parameter variations. 

Keywords: Control Drive, Model Predictive Control, Field-Oriented Control, FCS-MPC, 

MPTC 
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INTRODUCTION 

The induction motor (IM) has become the most popular choice for high-performance 

industrial applications, electric vehicles, and renewable energy conversion systems (e.g., 

wind energy). Approximately 90% of the industrial load is shared by the IM because of its 

simple and resilient design, self-starting characteristics, and requirements for almost little to 

no maintenance (Zerdali & Demir, 2021)(Abo-Khalil & Sayed, 2021). Thus, a sufficient 

amount of generated electric power has been utilized by IM around the globe. The growing 

concerns about the energy crisis and environmental pollution emphasize the importance of 

an appropriate high-performance drive control strategy for efficient use of energy (Arshad et 

al., 2019). 

Typically, Field-Oriented Control (FOC) and Direct Torque Control (DTC) are the most 

widely utilized vector control strategies for power electronics and IM motor drives at the 

industrial level. FOC is a linear control strategy and is implemented with PI controllers and 

pulse width modulator (PWM). PWM generates firing pulses for the inverter switches in 

order to generate the drive voltage at a fixed switching frequency while the PI controllers are 

utilized to regulate the torque and flux error. Although FOC offers a fast steady-state and 

dynamic response with low current THD and minimum torque and flux ripples, its cascaded 

structure and utilization of four PI controllers require tuning of various parameters. On the 

other hand, DTC is a nonlinear control strategy and utilizes hysteresis controllers for the 

regulation of both electromagnetic torque and flux. It utilizes a predefined switching (LUT) 

table to select a voltage vector based on the hysteresis controller output in the absence of a 

PWM modulator. Despite its quick dynamic response, DTC suffers from excessive torque, 

flux ripples, and increased current distortion at low speeds due to the exclusion of the current 

loop. Moreover, it operates on a variable switching frequency, which increases the switching 

losses in the inverter (Martinez-Hernandez et al., 2016)(Favato et al., 2019)(Le-Huy, 1999). 

Despite the fact that FOC and DTC are adequate to meet the requirements of the majority of 

IM drive applications, there is a need to develop the most advanced and sophisticated IM 

drive control strategy. Fortunately, the advancement in microprocessors and field 

programmable gate array (FPGA) in recent decades makes it possible to develop advanced 

control strategies for electrical drives (Wang et al., 2018). Therefore, MPC caught the special 

attention of researchers for the control of power electronics converters (Jin et al., 
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2017)(Abdel-Rahim & Wang, 2020) and electrical drives. In comparison to classical vector 

control strategies, MPC is viewed as a powerful alternative because of its intuitive concept, 

quick dynamic response, and ability to handle various nonlinear constraints (Stellato et al., 

2016). In MPC, the control decision is implemented by reducing the cost function over a 

receding prediction horizon in order to produce the desired control response. The cost 

function is formulated with respect to the control objective by utilizing the control variables, 

while the future behavior of the system is anticipated by utilizing the system mathematical 

model. (Tenconi et al., 2018)(Pérez-Guzmán et al., 2020). 

The MPC is classified into two main categories: continuous control set MPC (CCS-MPC) 

and finite control set MPC (FCS-MPC). The CCS-MPC algorithm has been successfully 

implemented to control the drive of AC machines. However, the algorithm of CCS-MPC is 

complex and increases computational effort. Furthermore, it necessitates the use of a 

modulator that increases the complexity of the control system (Wendel et al., 2018)(Wendel 

et al., 2019)(Borreggine et al., 2019), while, FCS-MPC is a simple control algorithm, 

requires no modulator, and is extensively employed in controlling the AC machines. 

(Gonçalves et al., 2019)  

Predictive torque control (PTC) was the first control strategy presented with FCS-MPC for 

IM drives, while predictive current control (PCC) was the first control strategy implemented 

with FCS-MPC to control the 2L-VSI with RL load. Both these FCS-MPC strategies utilize 

the inverter model in the cost function, and an optimal output voltage vector is directly 

applied to the inverter without any modulator. The cost function of PTC minimizes the error 

of electromagnetic torque and flux between their absolute predicted and reference values. 

Moreover, as the cost function of PTC includes the terms of non-identical units, a weighting 

factor is utilized to give the relative importance to each term. The weighting factor depends 

upon torque and flux values and needs to be calculated earlier before being given to the cost 

function. Whereas, the cost function of PCC includes the predicted and reference values of 

stator current in the αβ frame and minimizes the error between them. The PCC control 

algorithm is simple, and the cost function includes current terms only; therefore, no 

weighting factor is required (Nemec et al., 2007)(Jos Rodriguez et al., 2007). In the 

literature, the PCC demonstrates higher efficiency than the PTC and is rarely adopted to 

control the IM drive. (Wang et al., 2017). However, due to the absence of a modulator, both 

PCC and PTC operates at a variable switching frequency, which not only increases the 

switching losses in the inverter but also affects the systems steady-state performance.  
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The main goals of this paper are to control the switching frequency of FCS-MPC in 

acceptable range and to eradicate the structural and computational complexity of FOC to 

enhance the stability and performance of the drive control system. In order to achieve these 

goals, the authors merge the FOC with FCS-MPC in this paper. The simulation results show 

the effectiveness of the proposed control strategy at different speeds under load and no-load 

conditions in terms of current THD, flux, torque quality, switching frequency, and parameter 

mismatch situations. Moreover, the performance authentication of the proposed strategy has 

been done by comparing its result with traditional model predictive torque control (MPTC)-

the proposed strategy demonstrates the superiority over MPTC. The rest of the paper will 

describe the mathematical models of IM and 2L-3ⱷ voltage source inverters, the FCS-

MPFOC methodology, simulation results, and conclusion. 

MATHEMATICAL MODEL OF IM 

The following mathematical equations describe the mathematical model of the three-phase 

squirrel cage induction motor in 𝜶𝜷 reference frame:(Jose Rodriguez & Cortes, 2012)  

𝒗𝒔 = 𝑅𝑠𝒊𝒔 +
𝑑𝝍𝒔

𝑑𝑡
    (1) 

0 = 𝑅𝑟𝒊𝒓 +
𝑑𝜓𝑟

𝑑𝑡
− 𝑗𝜔𝑟 𝝍𝒓   (2) 

𝝍𝒔 = 𝐿𝑠𝒊𝒔 + 𝐿𝑚𝒊𝒓    (3) 

𝝍𝒓 = 𝐿𝑟𝒊𝒓 + 𝐿𝑚𝒊𝒔    (4) 

𝑇𝑒 = 1.5. 𝑝. 𝐼𝑚[𝝍𝒔𝒊𝒔 ] = −1.5. 𝑝. 𝐼𝑚[𝝍
𝒓
𝒊𝒓] (5) 

𝐽
𝑑𝜔𝑚

𝑑𝑡
= 𝑇𝑒 − 𝑇𝑙    (6) 

Where; 𝒗𝒔 , 𝒊𝒔 , 𝝍𝒔 And represent stator voltage, current, and flux vector. While  𝝍𝒓 , 𝒊𝒓 

represents the rotor flux and rotor current vector. 𝑻𝒆, 𝑻𝒍 , 𝝎𝒓 and 𝝎𝒎 represents the 

electromagnetic torque, load torque, rotor electrical, and mechanical speed, respectively. 

𝑹𝒔, 𝑹𝒓 are the stator and rotor side resistance, where 𝑳𝒔 , 𝑳𝒓 are the stator and rotor 

inductance; 𝑳𝒎 is the mutual inductance. The 𝒑 is the number of pole pairs and 𝑱 represents 

the moment of inertia. 𝝍𝒔, 𝝍𝒓 shows the complex conjugate of rotor and stator flux vector 

and 𝑰𝒎 denotes the imaginary part of the complex vector. 

MATHEMATICAL MODEL OF  𝟑𝝋 VOLTAGE SOURCE INVERTER 

The two-level 3𝜑 voltage source (2L-VSI) inverter is presented in Figure 1a. The 2L-VSI is 

made up of six semiconductor switches and placed on three legs so that each leg has two 
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switches. The switches operate in such a way that only one switch from each leg conducts at 

a time. The switching states can be represented in a vectorial form as: 

𝑆 =
2

3
(𝑆𝑎 + 𝑲𝑆𝑏 + 𝑲𝟐𝑆𝑐)  (7) 

Where; 𝑲 = 𝑒𝑗(2𝜋
3⁄ )  

The voltage utilized to drive the IM can be represented as: 

𝒗 = 𝑺. 𝑉𝑑𝑐       (8) 

The 2L-VSI has eight switching vectors (0 to 7), of which six (1 to 6) are active vectors, and 

two (0 and 7) are inactive or zero vectors. The zero vectors do not produce any output 

voltage. However, they are utilized to minimize the switching losses of the inverter. The 

Figure 1b depicts the 2L-VSI vectors in αβ reference frame (Kazmierkowski, 2012). 

  

FIGURE 1a- 2L-VSI  FIGURE 1b- 2L-VSI output voltage vector’s 

FINITE CONTROL SET MODEL PREDICTIVE FIELD-ORIENTED CONTROL 

Figure 2 illustrates the finite control set model predictive field-oriented control (FCS-

MPFOC) for induction motor drive. It utilizes the rotor field orientation, similar to the 

traditional FOC. Unlike FOC, only one PI controller is used to regulate the rotor speed error, 

and the PWM block is also eliminated, which makes the control scheme simpler and less 

computational. In the current simulation study, the field weakening was not investigated. 

The workflow of FCS-MPFOC in detail is described below. 

 
Figure 2. FCS-MPFOC for three-phase IM 
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MEASUREMENT 

The rotor speed is obtained via a sensor placed on the IM motor shaft. The obtained rotor 

speed and stator current in 𝛼𝛽 reference frame are provided as feedback. The reference 

torque (𝑇𝑟𝑒𝑓) is obtained by regulating the actual and reference speed errors by the PI 

controller while the reference rotor flux remains constant. The following equations are 

utilized to obtain the torque and flux generating components of stator current in the rotor 

flux reference frame. 

𝒊𝒅𝒔
𝑟𝑒𝑓

=
⃓𝝍𝒓

𝑟𝑒𝑓
⃓

𝐿𝑚
    (9) 

𝒊𝒒𝒔
𝑟𝑒𝑓

= (0.66).
𝐿𝑟

𝐿𝑚
.

𝑇𝑟𝑒𝑓

⃓𝝍𝒓
𝑟𝑒𝑓

⃓
  (10) 

ROTOR FLUX ESTIMATION 

The rotor flux estimation and position of the rotor flux are important for FCS-MPFOC. The 

𝜃 is used in reference current transformation for 𝑑𝑞 to αβ, while the estimated rotor flux 

utilizes in the cost function of the predictive controller for next-step current predications. 

The rotor flux can be computed as: 

𝝍𝒓 = 𝐿𝑟𝒊𝒓 + 𝐿𝑚𝒊𝒔   (11) 

The decomposed rotor flux in αβ reference frame can be obtained by following equations 

𝝍𝒓𝜶 =
𝐿𝑟

𝐿𝑚
(𝝍𝒔𝜶 − 𝛿𝐿𝑠𝒊𝒔𝜶)  (12) 

𝝍𝒓𝜷 =
𝐿𝑟

𝐿𝑚
(𝝍𝒔𝜷 − 𝛿𝐿𝑠𝒊𝒔𝜷)  (13) 

The rotor flux magnitude is computed as 

⃓𝝍𝒓⃓ = √𝝍𝒓𝜶
𝟐 + 𝝍𝒓𝜷

𝟐
  (14) 

The angle of rotor flux position 𝜃 𝑖𝑠 

𝜃 = tan−1(
𝝍𝒓𝜶

𝝍𝒓𝜷
)     (15) 

CURRENT PREDICTION 

The stator current is essentially predicted for the all-potential voltage vectors of the inverter, 

and these predictions are evaluated by the cost function. The stator current of IM can be 

represented as: 

𝒊𝒔 = −
1

𝑅𝜎
{[𝐿𝜎 .

𝒅𝒊𝒔

𝒅𝒕
− 𝑘𝑟 . [

1

𝑇𝑟
− 𝑗. 𝜔] . [ 𝛹𝑟] − 𝑣𝑠]  (16) 
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Where;  𝑘𝑟=
𝐿𝑚

𝐿𝑟
⁄ , 𝐿𝜎 = 𝜎. 𝐿𝑠, and 𝑅𝜎 = 𝑅𝑠 + 𝑘𝑟

2. 𝑅𝑟 

The 1st order forward Euler discretization method is utilized to predict the stator current 

value for the next time step’s with 𝑇𝑠. Where, 𝑇𝑠 is the systems sampling time 

𝒊𝒔(𝑘 + 1) =
𝜏𝜎

𝜏𝜎+𝑇𝑠
. 𝒊𝒔(𝑘) +

𝑇𝑠

𝐿𝜎(𝜏𝜎+𝑇𝑠)
. 𝒗𝒔(𝑘) +

𝑘𝑟𝑇𝑠

𝜏𝑟𝐿𝜎(𝜏𝜎+𝑇𝑠)
. (1-j.

1

𝐿𝜎
. 𝜔(𝑘)). 𝜓𝑟(𝑘)  (17) 

where; 𝐿𝜎 = 𝜎. 𝐿𝑠 and 𝜏𝜎 =
𝐿𝜎

𝑅𝜎
. 

OPTIMIZATION 

In FCS-MPFOC, the optimization process is done through the evaluation of the cost 

function. It evaluates the value of the cost function for all potential VV’s of 2L-VSI 

represented in Figure 2. Since the 2L-VSI has eight switching states with seven voltage 

vectors, thus, the value of the cost function is assessed seven times. The VV (voltage vector) 

that generates the lowest value of the cost function is elected as the optimized VV and is 

directly applied to VSI in the next time period. The cost function of FCS-MPFOC is 

𝑔𝑖 = ∑ {⃓𝑖𝛼
𝑟𝑒𝑓

− 𝑖𝛼(𝑘 + ℎ)𝑖⃓ + ⃓𝑖𝛽
𝑟𝑒𝑓

− 𝑖𝛽(𝑘 + ℎ)𝑖⃓
𝑁
ℎ + λ𝑤.  ⃓𝐹𝑠𝑤(𝑘 + 1) − 𝐹𝑠𝑤(𝑘)⃓ +

 𝐼𝑚(𝑘 + ℎ)𝑖}  (18) 

Where, 𝑔𝑖 is the value of the cost function. N represents the prediction horizon, while h is 

the simulation index. For time delay compensation, N=h=2 is considered. The 𝑖𝛼
𝑟𝑒𝑓

, 𝑖𝛽
𝑟𝑒𝑓

 and  

𝑖𝛼(𝑘 + ℎ), 𝑖𝛽(𝑘 + ℎ) are the decomposed components of stator current in the αβ reference 

frame. The absolute error is taken between the predicted and reference value to reduce the 

computational complexity. The next terms in the cost function are the switching frequency 

control term and the. ‘λ𝑤’ is weighting factor which can be tuned to give the relevant 

importance to this term. The term 𝐼𝑚 is the current limiting term and is used to protect the 

motor from an over current situation. The 𝐼𝑚 can be represented as: 

𝐼𝑚 = {
0                𝑖𝑓   ⃓𝑖(𝑘 + ℎ)⃓ ≤ ⃓𝐼𝑚𝑎𝑥⃓
𝛾 ≫ 0        𝑖𝑓     𝑖(𝑘 + ℎ)⃓ > ⃓𝐼𝑚𝑎𝑥⃓

  (19) 

where, 

⃓𝑖(𝑘 + ℎ)⃓ = √⃓𝑖𝛼
2 − 𝑖𝛼(𝑘 + ℎ)2 + 𝑖𝛽

2 − 𝑖𝛽(𝑘 + ℎ)⃓           (20) 

SIMULATION RESULTS 

Simulation results are presented in this section. In order to authenticate the performance of 

FCS-MPFOC, it is compared with conventional MPTC by using similar test bench and 

criteria in the MATLAB/Simulink environment. The Simulation parameters are presented in 

Table 1. The controller sampling time and frequency are 40μs and 25 KHz, respectively. 
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The efficiency of the FCS-MPFOC drive strategy is mainly determined by stator current 

THD, torque, flux ripples, switching frequency and model parameter variation environment. 

The performance of the controller is validated by performing speed reversal, load, and no-

load tests at full rated and low speed (30% of the rated speed) and in model parameter 

mismatch situations. 

Table.1. Simulation setup parameters 

Parameters Notation Values Parameters Notation Values 

DC-Link Voltage 𝑉𝑑𝑐 240V Stator 

Resistance 
𝑅𝑠 3 Ω  

Rotor Resistance 𝑅𝑟 4.1 Ω  Stator 

Inductance 
𝐿𝑠 0.3419 H 

Rotor Inductance 𝐿𝑟 0.3513 H Pole Pair p 1 

Nominal Torque 𝑇𝑛𝑜𝑚 5 Nm Rated Speed ω 65 rad/sec 

Moment of Inertia J 0.0117 𝐾𝑔/

𝑚2 

Magnetizing 

Inductance 
𝐿𝑚 0.324 H 

Rotor reference 

flux 
 𝜓𝑟

𝑟𝑒𝑓
 0.75 Wb    

Figure.3 illustrates the performance of FCS-MPFOC and MPTC under speed reversal 

operation. In this test, IM is suddenly reversed from its full speed of 65 rad/s to a speed of -

65 rad/s. FCS-MPFOC showed higher performance than traditional MPTC in this test. It is 

evident from the speed response that FCS-MPFOC completed the transition process in just 

0.3s (from t = 0.2s to t = 0.5s) while MPTC took 0.5s (from t = 0.15s to t = 0.65s) to 

achieve the transition. It could be seen clearly that torque in both strategies reaches its 

maximum value of 5Nm when the motor is deaccelerated from its peak speed. Despite the 

fact that torque and stator flux maintain their smoothness when the motor is controlled by 

FCS-MPFOC, a slight increase in stator flux is noticed during the transition time. This is 

because the applied predicted VV and the voltage vector that produces more torque caused 

the fluctuations in stator flux. Whereas, this is not the case in MPTC stator flux remained at 

its nominated value. However, the amount of torque and flux ripples is quite higher in 

MPTC due to the inclusion of a weighting factor in the cost function. Moreover, it 

introduced more distortion in the inverter’s output voltage, while in FCS-MPFOC, the 

inverter voltage followed almost the sinusoidal waveform without having any noticeable 

distortion with a constant amplitude of 160v. In terms of current response, FCS-MPFOC 

showed higher stability and smoothness than MPTC because of its cost function, which 

regulates the current error only. 



Journal of Engg. Research Online First Article 

9 
 

The comparison of FCS-MPFOC and MPTC under full load conditions is demonstrated in 

Figure 4. To evaluate the performance of both strategies, a rated load of 5Nm is employed 

when the motor is running at its full speed. It can be seen clearly that motor speed in FCS-

MPFOC and MPTC has been dropped to 5rad/sec and 3rad/sec, respectively. In FCS-

MPFOC, the magnitude of stator flux increased from its true value while it remained 

unchanged in MPTC. An increase in stator current is also observed in both strategies, 

because the motor draws more power to balance the load torque under the load condition. 

However, the THD of stator current in MPTC, with 3.8%, is slightly higher than the 3.6% of 

FCS-MPFOC. The FCS-MPFOC experienced low torque and flux ripples with 0.38Nm and 

0.02Wb, respectively. Whereas, the torque and flux ripples were slightly higher in MPTC, 

with 0.43Nm and 0.03Wb for each. Similarly, the average switching frequency for MPTC 

was noticed at 7.05KHz, which is considerably higher than the 6.06KHz of FCS-MPFOC. 

Furthermore, the inverter voltage response of MPTC improved in comparison to its previous 

one, while it remained at the same level without any considerable changes for FCS-MPFOC. 

The steady state performance of FCS-MPFOC and MPTC has been depicted in Figure 5. 

Both strategies showed excellent steady-state performance. In terms of flux ripples, only 

0.008Wb has been observed for the former one, while 0.025 was noticed for the latter one. 

Similar performance was observed for torque ripples-MPTC witnessed 0.06Nm while 

0.04Nm was observed for FCS-MPFOC. Moreover, the efficiency of FCS-MPFOC and 

MPTC showed satisfactory performance for stator current. The THD of the current  𝒊𝜶 for 

MPTC and FCS-MPFOC was observed at 3.85% and 3.68%, respectively, which is slightly 

higher than under load operation. This happened due to the lower average switching 

frequency, which was recorded at 4.5KHz for MPTC and 3.9KHz for FCS-MPFOC. 

Furthermore, MPTC introduced more distortion in the voltage waveform; however, it 

remained almost sinusoidal for FCS-MPFOC.  

 FCS-MPFOC and MPTC performance were also investigated at low speeds under full load 

conditions. The same simulation parameters are utilized as were used at rated speed except 

for the IM speed, which was reduced to 30% of its rated speed (20rad/s). The performance 

comparison of both strategies has been illustrated in figure 6. It is observed that the speed 

characteristic of the FCS-MPFOC has been improved and only reduced by 3rad/s, while in 

MPTC a 4rad/s reduction was noticed when the motor was dragging the load of 5Nm. 

However, the inverter’s voltage waveform has improved and has become more sinusoidal 

for MPTC. Both strategies showed similar characteristics as those shown under full load 

operation in the rest of the performance evaluation criteria. The average switching 
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frequency, on the other hand, was made better and went down to 4.52KHz for FCS-MPFOC 

and 5.68KHz for MPTC. 

 

(a)        (b) 

Figure 3. Speed reversal behavior at rated speed a) FCS-MPFOC b) MPTC  

 
(a)           (b) 

Figure 4. Full-load perfromance authentication at rated speed a) FCS-MPFOC b) MPTC  

 

(a)           (b) 

Figure 5. Steady-state analysis at rated speed a) FCS-MPFOC  b) MPTC  
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(a) (b) 

Figure 6. Performance validation at low speed a) FCS-MPFOC b) MPTC  

FCS-MPFOC ROBUSTNESS ANALYSIS AGAINST PARAMETERS DEVIATION 

FCS-MPFOC is a nonlinear control scheme that utilizes the dynamic model of the induction 

motor for electing the optimal operation. The IM model parameters can vary under certain 

operating conditions. It is essential to analyze how FCS-MPFOC will react if the parameters 

of IM change. Therefore, the responsiveness of the FCS-MPFOC against the 𝑅𝑠, 𝐿𝑚 

variations are also investigated in this research paper. 

The induction motor operates continuously under loaded conditions in the industries. Due to 

the continuous operation, the motor windings get heated, which results in a change in stator 

resistance value. Thus, the FCS-MPFOC system stability against stator resistance mismatch 

is essential to investigate. The FCS-MPFOC performance in the case of 𝑅𝑠 deviation under 

various operating conditions is investigated in this test and compared with MPTC to 

authenticate its performance under the same scenarios. Figure 7 illustrates the simulation 

results of both strategies in case of 𝑅𝑆 variation under zero load at rated speed. The results 

showed that the FCS-MPFOC was heading towards instability as the value of 𝑅𝑠 increased 

by 30% of its initial value. The stator flux lost its smoothness, and torques became more 

distorted. In spite of FCS-MPC, MPTC showed great robustness and hardly affected in 

terms of torque and flux ripples, however, the distortion in stator current has been increased 

as compared to FCS-MPFOC. Moreover, MPTC introduced more distortion in the inverter’s 

output voltage waveform while a few spikes were also noticed in the FCS-MPFOC 

inverter’s output voltage waveform.  

Figure 8 shows the performance of FCS-MPFOC and MPTC in the case of 𝑅𝑠 variation 

under full load of nominal torque value at rated speed. It is evident that the FCS-MPOC 

system is more sensitive than MPTC when the value of 𝑅𝑠 increased to 15% of its initial 
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value under load conditions. The stator flux and torque have been distorted and became 

sinusoidal in FCS-MPFOC, while in they are hardly affected in MPTC. However, more 

distortion was noticed in the current and output voltage waveforms than in FCS-MPFOC.  

The performance comparison of FCS-MPFOC and MPTC is also conducted in case of 𝐿𝑚 

deviation. As the stator flux of an induction motor is derived from the ratio of live measured 

current and 𝐿𝑚. Therefore, the 𝐿𝑚 variation induces a high estimation inaccuracy in flux 

estimation, which leads to system instability. So, it is essential to authenticate the 

performance of FCS-MPFOC under 𝐿𝑚 variation. Figure 9 represents the 𝐿𝑚 mismatch 

behavior of FCS-MPFOC and MPTC at nominated speed without having any load on the IM 

shaft. The value of 𝐿𝑚 for FCS-MPFOC was increased to 20%, while it was decreased to 

20% for MPTC. In the case of FCS-MPFOC the stator flux was reduced with the increase of 

𝐿𝑚, while it was observed constant at its nominal value in MPTC. However, the torque 

response of MPTC has been distorted while it remained smooth in FCS-MPFOC. Moreover, 

the inverter’s output voltage waveform was improved significantly and followed almost 

sinusoidal. 

Figure.10 compares the performance of both strategies in the case of 𝐿𝑚  variation under full 

load at rated speed. The variation in the value of 𝐿𝑚 has remained the same as in previous 

test. It can be observed clearly that the torque and stator flux of MPTC were distorted while 

they remained less noisy for FCS-MPFOC. Similarly, the distortion in the stator has 

increased to a significant value in MPTC as compared to FCS-MPFOC, which showed a 

more stable and smooth current response. 

 
(a)           (b) 

Figure 7. 𝑅𝑠 sensitivity analysis at zero-load under rated speed a) FCS-MPFOC b) MPTC  
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(a)         (b) 

Figure 8. 𝑅𝑠 variation validation at load under full speed a) FCS-MPFOC b) MPTC  

 
(a)              (b) 

Figure 9. 𝐿𝑚 mismatch analysis at no-load rated speed a) FCS-MPFOC b) MPTC  

 
(a)         (b)  

Figure 10. 𝐿𝑚 mismatch analysis at load under rated speed a) FCS-MPFOC b) MPTC  

CONCLUSION 

A finite control set model predictive control (FCS-MPC) is merged with field-oriented 

control to enhance the steady-state and transient response and to reduce the structural and 

computational complexity of FOC for induction motor drives. FCS-MPFOC successfully 

reduces the complexity of the drive control system and shows a fast-dynamic response due 
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to the omission of an inner current loop and modulator. To authenticate the effectiveness of 

the FCS-MPFOC, it was compared to traditional MPTC in terms of stator current THD, 

flux, torque ripples, and switching frequency. The simulation results authenticate FCS-

MPFOC's superiority over MPTC. The flux and current remain smooth at almost all speeds 

of operation, and the system's switching frequency remains significantly low. Moreover, 

computational time in FCS-MPFOC is smaller than MPTC, which reduces the required 

computational power of the microprocessor. The robustness of FCS-MPFOC against 

parameter variation is also authenticated under the various drive conditions. The controller 

performs more robustly at high speed. The simulation study reveals that the controller has 

good robustness against 𝑅𝑠 variation at high speed. However, the 𝑅𝑠 sensitivity of the 

controller increased at low-speed operation. FCS-MPFOC more sensitive to 𝐿𝑚 deviation at 

both low and high-speeds. This research will be extended by using a parameter observer in 

order to deal with parameter sensitivity in the future.  
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