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The effective motion control task is highly influencing the final drive 

performance in wide-range motor drives applications such as electric 

vehicles (EVs), washing machines, compressors, elevators and lathe 

machines. Recently, permanent magnet synchronous motor (PMSM) 

drive has been widely employed in these applications to achieve desired 

performances such as high efficiency, high torque requirements with 

minimum size “occupancy”. The PMSM drive features combining with 

these modern drive applications are highly nonlinear and the desired 

operation requirements demand high-performance control schemes 

with fast system response and robustness features. Linear control 

schemes are usually implemented to drive the PMSM that entail trade-

offs between drive performance and simplicity in control 

implementation. Therefore, this paper presents the nonlinear control 

technique based on augmented finite control set (AFCS) model 

predictive control (MPC) scheme (AFCS-MPC). The proposed AFCS-

MPC scheme enhances the standard MPC design by augmenting the 

nonlinear characteristics of the PMSM drive to achieve wide speed 

range drive performance under both steady-state and dynamic 

operating conditions. Comparative performance studies have been 

conducted and presented to confirm the efficacy of the proposed 

scheme. 
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INTRODUCTION 

Variable speed motor drives are widely 

used in industrial applications such as 

turning machine, robotics and CNC 

machine and electric submersible pump in 

subsea applications. In the past years, the 

DC motor drives and squirrel-cage 

induction motors (IMs) were the mostly 

accepted electric motors in industrial 

applications due to their attractive features 

they owned (Brinner et al., 2014; Da Cunha 

et al., 2018; Sul, 2011). Despite of their 

traits they are faced with inferior efficiency 

problem and poorer power factor 

(Pellegrino et al., 2012). Recently, the 

appealing features of the permanent magnet 

synchronous motor (PMSM) have 

prevailed and make it more attractive 

option in the modern industrial motor drive 

applications such as electric vehicles, 

railway trains (Calleja et al., 2016; 

Mwasilu, 2020), compressors(J. Kim et al., 

2015), washing machines (Chi et al., 2009; 
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Jin et al., 2009). These salient features 

possessed by the PMSM drives are high 

efficiency, small weight-to-size ratio, wide 

speed range and good power factor to name 

a few (Leu et al., 2014; W. Wang et al., 

2021).  

Traditionally, the vector control based on 

proportional-plus integral plus derivative 

(PID) controller is a standard control 

scheme for both PMSM and IM motor 

drive applications (L. Wang et al., 2015). 

However, the PID control performance 

considering inherent drive nonlinear effects 

and robustness features requirements while 

guaranteeing the precise reference tracking 

capability are very poor. This is due to the 

fact that it is designed to control plant 

effectively and efficiently under the linear 

operating range. On the other hand, with 

the plant model exhibiting nonlinear 

features, the linear control schemes such as 

PID are to be replaced with the nonlinear 

control schemes to assure high 

performance results (De Soricellis et al., 

2018; You & Kim, 2023; P. Zhang et al., 2022). 

Among numerous nonlinear control 

schemes such as sliding mode control, 

neural network control and Takagi-Sugeno 

fuzzy logic control; model predictive 

control (MPC) has emerged as impeccable 

options lately for motion control task since 

several constraints can be added in the 

MPC formulation to significantly enhance 

drive performance and overcome the 

PMSM nonlinearities (Rodriguez & Cortes, 

2012). This peculiarity makes the MPC 

scheme being one of the best nonlinear 

control schemes for the PMSM drives when 

compared to the conventional PID or other 

nonlinear control architectures (Y. Zhang et 

al., 2017). The basic principle of the MPC 

is based on the use the current system 

model states to anticipate the future 

behavior of the state variables within a 

predefined control horizon in time. 

Thereafter, the selection of the optimal 

actuating control signal is determined by 

minimizing a pre-formulated cost function 

(Favato et al., 2021). The MPC formulation 

can be accomplished with continuous 

control set (CSS) or finite control set (FCS) 

contexts (Li et al., 2022). Different 

formulation and their comparative 

performance are reported in (Carlet et al., 

2022; Turker et al., 2016; Xu et al., 2022). 

The FCS MPC is the main focus of this 

paper and for the sake of brevity more 

details are confined in this type of the MPC 

formulation.  Despite of several advantages 

of the conventional FCS MPC control 

schemes as depicted in (Rodriguez & Cortes, 

2012; L. Wang et al., 2015), they still face 

numerous challenges such as robustness 

against parameter variations (Yu et al., 

2021) and persistent steady state errors 

between the reference signals and 

predictive signals. It is noted that the 

conventional FCS MPC scheme is 

characterised by high proportional gain that 

can result in finite steady state error (L. 

Wang et al., 2015). Therefore, it is difficult 

to guarantee at least near or zero steady 

state error with FCS MPC. This results into 

the high-performance features loss and 

unsuitable for some high precision control 

tasks. Several researches have been 

reported to overcome this control 

performance deficiency (Bolognani et al., 

2009). To overcome this steady state error, 

the integral action inspired by the 

proportional plus integral scheme is 

employed in the MPC to formulate an 

augmented finite control set (AFCS) model 

predictive control (MPC) scheme.  

In this paper, the augmented finite control 

set MPC scheme is proposed to enhance 

high control performances of the PMSM 

drives such as faster speed transient 

response and excellent reference tracking 

capabilities over a wide speed range 

covering constant torque region (Preindl & 

Bolognani, 2013a) and constant power or 

flux weakening region(Preindl & Bolognani, 

2013b) when compared to the conventional 

linear PI speed controller. The salient 

performance features of the AFCS-MPC 

are validated through the comparative 

simulation results using 

MATLAB/Simulink platform. 
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DYNAMIC MODEL AND CURRENT 

LOOP CONTROL 

Modelling of Permanent Magnet 

Synchronous Motor 

The equivalent Permanent Magnet 

Synchronous Motor (PMSM) model based 

on the d-q axis, which rotate synchronously 

with angular velocity 𝜔𝑟  is given in state 

space form equation as in (1).  

( , )
dx

f x u
dt

= ,  

T

sd sqx i i  =   ,
T

sd squ v v  =    

( , )

1 1

1 1

s sd r sq s sd

s sq r sd m s r s sd

f x u

i i L v

i i L L v

  

  



  

=

− + +

− − − +

 
 
 

 (1) 

s s sL R= is the stator time constant; 

, sqsd
i i  are components of the armature 

currents in d-axis and q-axis, respectively; 

Rs is stator resistance; , sqsd
v v  are 

components of terminal voltage in d-axis 

and q-axis, respectively, Ls is the stator self-

inductance in d-axis and q-axis, 

respectively; r is synchronous rotor 

angular speed, m is the  magnetic flux 

linkage. 

  

Theoretical Investigation of State-Steady 

Performance Considering Salient Pole 

PMSM Over a Wide Speed Range 

In a constant torque region where the speed 

varies from zero to base speed, the salient-pole 

PMSM is regulated to capitalize the 

maximum torque at minimum copper 

losses, since the torque supplied is directly 

proportional to the stator currents. The 

control objective in this region is confined 

to trace the stator current locus vector along 

OT as illustrated in Figure 1 below. 

Nonetheless, above rated speed (that is 

beyond T), the stator current limits the 

developed maximum torque capability and 

forcing the operating point to be off-

maximum torque per ampere (MTPA) 

trajectory control. Consequently, the 

control will be imposed to track the 

boundary of the stator current constraints 

(i.e.., tracking the path defined by (TFGH) 

while bound to trace the maximum voltage 

constraint curve(Preindl & Bolognani, 

2015).  

 
Figure 1: Stator current and voltage loci in d-q axis. 

 

This happens when the PMSM drive rotor 

speed keeps on soaring further than the 

rated value. Taking into account that the 

rotor speed is fixed at the base speed 

outside T, with upsurge in torque 

requirement (as shown with TYU traces) the 

current vector violates the peak current 

limit constraint locus, which on the other 
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hand may cause saturation of the current 

control resulting in the lower torque 

generation (J.-M. Kim & Sul, 1997).  

Furthermore, the point formed by 

intersecting the individual voltage 

boundary and constant torque curves (i.e., 

showcased by T, Y, and U) turns to be the 

optimal points for achieving the least 

copper loss (Preindl & Bolognani, 

2013a).The point of intersection between 

the respective voltage limit ellipses and the 

constant torque curves (i.e., illustrated by 

points T, Y, and U) becomes the optimum 

point in order to attain minimum copper 

loss (Sul, 2011). 

Furthermore, as the rotor speed keep 

increasing beyond the rated speed along 

trajectory FGH the maximum torque 

should be minimized to accommodate the 

maximum voltage limit. The size of ellipse 

voltage constrains decrease as the speed 

increases. However, as the speed keeps on 

increasing, a point will be attained where 

additional upsurge will not guarantee the 

maximum voltage limit conditions of the 

salient-pole PMSM drive. Certainly, at 

point H with speed (ω4) becomes the least 

speed for the control to comply with the 

voltage limit condition. Further to the point 

Y, the salient-pole PMSM drive control will 

be enforced to track the control trajectory 

along HV known as maximum torque per 

voltage (MTPV). Meaning that the speed 

control effort should always bound to the 

constant stator voltage or equivalent 

interpretation to this voltage. In this regard, 

the salient-pole PMSM drive speed control 

is accomplished from the least speed 

underneath base (ω1) transiting through 

base speed to a very high deep speed above 

base at (ω4) where a deep flux-weakening 

control regimes is comprehended by the 

trace of the MTPV trajectory (Preindl & 

Bolognani, 2013a, 2015). Further studies 

on wide speed range of PMSM from 

constant torque region to constant power 

region and even deep flux weakening 

regions can be found in (Bolognani et al., 

2014; D. W. Kim et al., 2020; J.-M. Kim & 

Sul, 1997; Sue & Pan, 2008). 

 

DISCRETE TIME MODEL AND FCS-

MPC CONTROL DESIGN 

 

FCS-MPC Control Design 

FCS-MPC operate in discrete time. 

Consider the discrete time model as in state 

variable equation (1). 

( ) ( )( 1)m m m
A Bx x u

+
= +             (2) 

( ) ( )( )m m m
C Dy x u= +                  (3) 

where x is state variable and u is the system 

input while y is output and A, B, C, and D 

are parametric matrices representing plant 

model. 

Considering the PMSM is fed by the two-

level voltage source inverter (VSI), the 

FCS-MPC account for the switching 

combinations of six-semiconductor 

switches in the three legs of the VSI model. 

Thus, each control input inherits only two 

values, remaining the same during the 

sampling period, n , i.e.,  ( ) 0,1iS t  , 

for all ( ), 1t mn m n +   . Since, the input 

control belongs to finite number of switch 

combinations, such as,  1,....., jS S S=

where, S  are switch states and j is the total 

number of switching combinations. In this 

case, there are eight switching 

combinations with respect to the input 

signals as shown in Figure 2 below.
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Figure 2: Control signals in the complex plane. 

 

To predict the future behavior state of the 

system over a pre -determined horizon in 

time length J , the FCS-MPC employs a 

cost function, which considers the 

measurement until time m , future state and 

future actuation until the time m J+ as 

depicted in the Figure 3. 

The cost function is given as, 

( )( ),u s mg x u                  (5) 

when  1,.....,m m Ju u u + −= is feasible 

input sequence and ( )mx is a state variable. 

 

Figure 3: Illustration of FCS-MPC 

formulations. 

Thus, the sequence of optimal actuation is 

selected by minimizing cost of function. 

  ( ) 1
min.., ( ),m m J

op op op Su mu u u g x u+ −

= (4) 

Cost function minimization is carried out 

by evaluating all available input signals. 

Finally, the controller applies only the first 

element in optimal actuation. 
m m

opu u . 

Thus, this predictive technique directly 

provides the optimal actuation actions to 

control the drive and intermediate 

modulation stage is not required 

(Rodriguez & Cortes, 2012; L. Wang et al., 

2015). 

On implementation of FCS-MPC with pre-

defined horizon in time J=1, there exist four 

main phases: Measurement, estimation, 

prediction and the optimal actuation. The 

scheme of these phases is illustrated in 

Figure 4, (Calleja et al., 2016). 

 

Figure 4. Execution scheme of the FCS-MPC 

for timing task. 

Measurement: Since the building of model 

of prediction consider the discrete time, it 

is necessary to consider a measurement of 

the state variable, ( )x m  at each sampling 

instant m .(in some cases, some of these 

variables can be estimated from other 

measurements). The measured state 

variables are applied by the controller to 



Augmented Finite Control Set MPC Design Technique for Wide Speed Range Control of 

Permanent Magnet Synchronous Motor Drives 

100 Tanzania Journal of Engineering and Technology (Tanz. J. Engrg. Technol.), Vol. 42 (No. 4), Dec. 2023 

 

select upon the optimal actuation to be 

used. 

Estimation: To consider the calculation 

delays, in standard formulations, the 

optimal actuation is engaged at time 1m + ,
1mu +
. Thus, the time delay of this action 

will be observed only at an instant 2m+ . 

This delay of one sampling period results 

the future reference variables to be 

calculated. This is achieved by taking the 

advantage of the fact that the previous 

optimal actuation, 
mu , remain constant 

until the next sampling instant 1m + . 

Therefore, the system model presented in 

(2), the system state, at an instant 1m + can 

be estimated by: 

             ( )1 ,m m mfx x u+ =                (5) 

Prediction: In order to obtain the optimal 

actuation, FCS-MPC predicts the system 

behavior at the instant m+2 by considering 

all available input signals at instant 1m + . 

This is expressed through, 

           ( )2 1 1,m m m
fx x u+ + +=            (6) 

These predictions are compared to the 

references by calculating the cost function
1( )m

ig u+
,which is expressed in (7) below. 

( ) ( )1 2 2 2 2m m m m m

r p r p

T

Wg x x x x+ + + + += − −    (7) 

where W is representing a weighting matrix 

and xr is signifying reference state variable. 

Thus, the optimal actuation 
1mu +
is that one 

which gives out the minimum value in the 

cost function. 

Proposed AFCS-MPC Control Design 

Finite control set MPC described in 

previously adopts the high feedback gain 

with inclusion of restrictions and 

constraints in their control. This results the 

existence of steady state error and poor 

disturbance rejection in some cases. To 

overcome this, the integral action is 

introduced to the FCS-MPC and the 

controller enumerated as augmented finite 

control set model predictive control scheme 

(AFCS-MPC). The main objective of the 

proposed AFCS-MPC is to achieve an 

optimal output of the feedback control by 

employing a gain matrix Zfcs. The optimal 

control signals ( )
op

m
u  is written as 

equation (8), 

( )

( )

( ) ( )

( )

1 11

2 22( )

op pr

m mm

fcsop pr

m mm

u xx
Z

u xx

     
    = − 
          

(8) 

where Zfcs stands for the feedback gain, rx

for the reference value and x  the measured 

output response. The (Zfcs) is obtained as 

depicted on (9) below  

               
1

fcs B AZ
−=                  (9) 

The integral error signal from the reference 

state and measured state output response 

are added to the controller. An integrator in 

discrete-time system is expressed as 

1

1

1
iZ

z
−

−
, where 

1z−  is the backward shift 

operator stands for ( ) ( )
1

1m m
x xz−

−
= .This 

term augment the conventional FCS-MPC 

to improve steady state performance. 

Therefore, the enhanced MPC form is 

expressed as in equation (10), 

( )

( )

( )

( )

( )

( )

( )

( )

1 1 1

1

2 2 2

1

2

1

op r p

m m mi

op r p

m m m

p

m

p

m

fcs

fcs

Z
Z

Z

u x x

zu x x

x

x

−

      
      = −
 −           

 
 −
  

  (10) 

where
iZ  is the integral gain for the input 

signal with the value range of 0 1iZ  . 

The actual control input signal ( )m
u  for the 

AFCS-MPC is obtained by evaluating the 

cost of function for all available control 

candidates. Therefore, the objective 

function in optimal solution of the one step 

ahead prediction algorithm is given as in 

equation (11) The scheme for this 

algorithm is clearly depicted in the Fig. 5. 

( ) ( )
2 2

1 1 2 2( ) ( ) ( ) ( )
op op

m m m m
u u u ug = − + − (11) 
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Figure 5. Execution sequence scheme of 

AFCS- MPC control design. 

Figure 6. demonstrates the configuration 

that consists of inner-loop for the 

proportional control with gain of Zfcs and 

outer loop for integral control with gain of 

Zi. Inner loop provides the relationship 

between  ( )mu and ( )my  while the integral 

controller design defines the closed-loop 

transfer function in (12). 

          ( ) ( )( 1)m m m
C Dy x u

+
= +     (12) 

and the control input signal is provided in 

(13) as: 

           ( )( ) ( ) ( )m m mfcsu Z g y= −  (13) 

where ( )mg  is the control input signal of the 

outer loop and ( )mu is the reference value of 

the inner loop system. The outer loop 

feedback system, which has an integral 

action, can be designed in a straightforward 

manner. The outer loop includes a function 

of integral action 
1

1

1
iZ

z−−
 and the time 

delay 
1z− from the inner loop. Thus, the 

transfer function of outer loop system is 

expressed as: 

            

1
( )

1 1
( ) 1

z

i

iz Z

Y
Z

G

z

z z

−

− −
=

− +
    (14) 

where the closed-loop pole is selected to be 

1
i

Z− . Selection of the closed loop pole lies 

in a range of 0 1clr  results to an integral 

gain 1 clfcs
Z r= − . The pole 

clr is a design 

parameter that is selected and pre-set. Thus, 

the position of the closed-loop pole can be 

adjusted depending on the desired time 

constant of the feedback system. 

( ) ( 1) ,m my y y −= − integral gain results to 

the optimal actuation, which is ( )

op

mu and 

can be expressed as portrayed in equation 

(15) below, 

( )( ) ( 1) ( ) ( )

( )

(

( )

op op r p
im m m m

m

fcs

fcs

Z

Z

u u z y y

y

−= + −

−
 (15) 

where, 
ry is the reference value and 

py is 

the measured output values. 

 

Figure 6: Schematic for the AFCS-MPC 

scheme. 

Conventional Field-Oriented Control 

(FOC) Scheme Control Design 

The FOC is linear control system, which is 

represented in transfer function ( )G z and 

the controller in ( )C z .  

There are four main variables in the control 

loop i.e., reference value zR , control input 

zU ,measured output zY and control error 

zE .The transfer function in a first order 

ARX model is given as:  

1

1

( )

( )
( )

z

z
z

Y b
G

U z a
= =

+
                           (16) 

Proportional control is applied when the 

control signal is subjected to the 

proportional with the change of error value 

( ) ( )z ze g y = − . pZ  and 
inZ stands for 

the proportional gain and integral gain 

respectively. The transfer function for the 

proportional plus integral (PI) controller is 

expressed as in equation (17). 

( )

( ) 1
( ) 1

z in
pz

z

Z
C

U
Z

E z−
= = +

−
                (17) 

( )
1

in p pZ Z Zz

z

+
=

−

−
) 
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Controller gain (
inZ  and pZ ) are obtained 

using pole placement method. Thus, the 

feedback control illustrated on Figure 7 is 

given as: 

                   ( ) ( ) ( )

( ) ( ) ( )1

z z z

z z z

Y C G

R C G
=

−
            (18) 

The denominator polynomial is also known 

as characteristics equation of the control 

system. Therefore, the roots of this 

polynomial are equal to the desired closed-

loop poles. If the polynomial function of 

the chosen closed loop is given as: 

( )2D z z   = − + +             (19) 

The gains are derived by the equation depicted 

as: 

            1

1

( )
p

a
Z

b

 +
= −                       (20) 

           1

1

( ) 1
in p

a
Z Z

b

 + + −
= −       (21) 

 
Figure 7: Schematic of the conventional 

FOC scheme. 

PERFORMANCE ASSESSMENT 

Scenario Setup and PMSM Drive Parameter 

Description 

The simulations were conducted by using 

MATLAB/Simulink program. During the 

simulation studies, the fixed sampling 

interval of 40 μs was selected for the 

AFCS-MPC algorithmm. The gains 

parameters and bandwidths of the FOC 

control scheme for the speed and current 

loops are properly selected by using the 

pole placement technique, the gains based 

on the proportional plus integral (PI) 

controller are Zps = 0.0142 and Zins = 1.26 

for the speed loop with a bandwidth of 20 

Hz and Zpc =314.16 and Zinc=7489.556 for 

the current loop with the bandwidth set 

twenty times higher than the bandwidth of 

the speed loop to guarantee decoupling of 

the mechanical and electrical system 

dynamics . Similarly, the gains parameters 

and bandwidths of the speed outer loop the 

proposed AFCS-MPC and current loops are 

chosen appropriately based on the pole 

placement principle. The gains are Zps = 

0.0142 and Zis= 1.26 for the speed loop with 

a bandwidth of 20 Hz and Zi= 0.2 for the 

current loop with bandwidths set twenty 

times higher than that of the speed loop. 

The two loops have been designed fairly 

similar to the conventional control scheme 

in order to retain their inherent performance 

characteristics. This guarantees that the 

comparative salient characteristics 

performance of the proposed scheme is not 

influenced by the tuning parameters.  

Different scenarios have been selected to 

test the efficacy of the proposed scheme as 

described below. The first scenario, shows 

the demonstrate computer simulation of the 

PMSM motor drive whose parameters have 

been tabulated as depicted on Table 1 

below. The motor drive is subjected to the 

multi-stepped rotor speed as follows (i.e., 

800→1400→2000→1400 →800 r/min). 

Likewise, the second scenario shows the 

simulation of interior PMSM Motor drive 

subjected on the sudden load change with 

fast step as follows (i.e.,0.5→1.5→0.5 

N·m) while the commanded speed 

established constant at 900 r/min. These 

scenarios set to reveal the rigorous transient 

response performance of the PMSM drive 

under the proposed scheme. Third scenario 

ascertain to demonstrate the simulation of 

the PMSM drive subjected to a low speed 

approximated at 100 r/min with parameter 

variations of 150% of q-axis inductance 

and 70% of magnetic flux linkage while the 

load torque is set constant at 1.5 N·m. This 

scenario set to reveal robustness 

performance features of the proposed 

scheme. The scenario mentioned above 

were carried out under a constant torque 

region. This is due to the fact that under 

speed condition below or equal to the base, 

the PMSM drive is expected to experience 

parameter change due to heavy load. If the 
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PMSM drive is operated at very high speed 

definitely the winding temperature increase 

and bearing friction and other nonlinear 

mechanical loading might be excited (D. 

W. Kim et al., 2020). Capturing these 

unmodeled dynamics is not a trivial study 

and therefore their effects are out of the 

scope of the current paper. On the fourth 

scenario, the simulation of the PMSM 

drives under wide speed range with step 

change under constant torque region from 

2000 r/min to 2500 r/min (rated speed) and 

constant power region (flux weakening 

region) from 2500 to 3000 r/min. 

Table 1: Parameters of the PMSM Drives 

Parameters Symbol Value Unit 

Stator resistance sR  3 Ω 

Flux linkage m  0.125 Wb 

Stair Inductance sL  7 mH 

Pole Pairs p  2 - 

Moment of inertia J  0.00001 kg.m-2 

Viscous damping vB  0.00011 Nm.s /rad 

Sampling time 
sT  40 µs 

DC bus voltage DCV  300 V 

Rated Torque T 1.5 Nm 

Rated speed ωrated 2500 rpm 

 

PERFORMANCE ASSESSMENT 

WITH SIMULATION RESULTS 

In the first scenario: The PMSM drive with 

stepped rotor speed starting from 800 r/min 

rises up to a constant speed of 1400 r/min 

and again stepped to the speed of 2000 

r/min and afterward, it is changed 

downward stepwise in a mirror image of 

the first setup as shown on the Figs. 8 and 

9. The simulation results which are 

displayed on the Figure 8 and Figure 9 

demonstrate the comparative study of the 

conventional FOC and proposed AFCS-

MPC schemes, respectively. The results of 

the proposed AFCS-MPC give fast speed 

response with steady state error 

approximate less than 0.49 r/min from the 

commanded speed in a constant torque 

region. Also, the PMSM drive has proven 

to deliver an excellent torque response 

under this speed change scenario. In the 

second scenario:  the drive with the load 

torque LT  change in step from 0.5 to 1.5 

N·m at 0.2 s which followed with mirror 

image of the first step change at 0.8 s as 

given in the Figure 8.  

 
Figure 8: Simulation results for 

conventional FOC scheme under first 

scenario. 
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Figure 9: Simulation results for the 

proposed AFCS-MPC scheme under first 

scenario. 

 

The results on Figure 10 and Figure 11 also 

demonstrates the comparative study of the 

conventional FOC and proposed AFCS-

MPC control schemes, respectively. It is 

clearly seen that the AFCS-MPC scheme 

gives the smaller steady state error (i.e., less 

than 0.5 r/min), which implies that despite 

of the existing nonlinearities of the PMSM 

drive, speed response has no significant 

oscillation and little overshoot over the 

entire operating constant regions. 

Furthermore, in third scenario: the PMSM 

drive with parameter variations subjected 

under low speed (100 r/min) while the load 

torque (TL) is maintained at 1.5 N·m as 

shown on Figure 12 and Figure 13. These 

results demonstrate the comparative study 

of the conventional FOC and proposed 

AFCS-MPC control scheme, respectively. 

These results confirm that with AFCS-

MPC control scheme, the steady state speed 

error is almost negligible compared to the 

error found on the conventional FOC 

control scheme (i.e.,15 r/min). In the fourth 

scenario: the drive with speed step change 

covers the wide speed range as shown in the 

Figure 14 The result confirms the PMSM 

drive is fully controlled by using the 

proposed AFCS-MPC control scheme in 

the constant torque region and flux 

weakening region as well with negligible 

steady state errors. 
 

 

Figure 10: Simulation results for 

conventional FOC scheme under second 

scenario. 

 

 
Figure 11: Simulation results for the 

proposed AFCS-MPC scheme under second 

scenario. 
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Figure 13: Simulation results for the 

proposed AFCS-MPC scheme under third 

scenario. 

 

 

Figure 12: Simulation results for the 

conventional FOC scheme under third 

scenario 

 

 

 

Figure 14: Simulation results for the 

proposed AFCS-MPC scheme under fourth 

scenario. 

 

CONCLUSIONS  

This paper has presented the AFCS-MPC 

scheme that was implemented and 

evaluated based on the PMSM drive. The 

performance evaluation has been assessed 

by using computer simulation results 

obtained from the MATLAB/Simulink 

platform. The proposed AFCS-MPC 

scheme has demonstrated the high 

precision performance under various 

conditions in both constant torque and 

constant power regions. In both regions, the 

proposed AFCS-MPC has demonstrated 

fast transient response and the better speed 

response as can be observed in the 

simulation results. 

This study suggests the following future 

research work for further performance 

improvement of the PMSM drive. This 

work studied the analysis of the PMSMs 

under constant power region that is carried 

out on lossless equivalent circuit model of 

the PMSM under theoretical steady state 

characteristics. However, when the motor 

core losses are not taken into account, this 

tends to limit the inverter to utilize the 
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maximum dc link available voltage, 

specifically at high speed in flux weakening 

region. There is a strong effect exploited by 

motor core loss on the time harmonics of 

magnetic flux density. Therefore, a 

mathematical model to deduce the motor 

core loss is mandatory for the precision 

prediction of the power capability of the 

PMSM over a wide speed range. This study 

will be reported in our future work. 
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