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Abstract – Interior permanent magnet synchronous motor (IPMSM) is most commonly used in the 
automotive industry as a traction motor for electric vehicle (EV). In electric vehicle, the torque output 
rapidly changes according to the operation of the accelerator and the braking of the driver. The 
transient torques are thus generated very frequently in accordance with the variable speed control of 
the driver. Therefore, in this paper, a method for improving the torque response in the transient states 
of IPMSM is proposed. In order to complement the disadvantages of the conventional PI current 
controller in the field oriented control (FOC), the finite-state model predictive current control and 2D-
LUT is applied to improve the torque response at the torque transient period. Simulation and 
experiment results are given to verify the reliability of the proposed method. 
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1. Introduction 
 
The control methods of IPMSM can be classified into 

direct torque control (DTC) and field oriented control 
(FOC). The difference between DTC and FOC is a control 
variable for motor control. In terms of the difficulty of 
implementation, DTC is very simple to implement, having 
fast dynamic characteristics compared to FOC [1, 2].  

However, in DTC that is based on a hysteresis 
comparator and the switching table, the current harmonic is 
generated necessarily because of the variable switching 
frequency of the 3-phase voltage source inverter (VSI) and 
the error range of the hysteresis controller [3-7]. Therefore, 
a high switching frequency is required for stable current 
output performance in steady states that decreasing the 
efficiency of the 3-phase inverter.  

On the other hand, FOC has the disadvantage of 
complicated implementation, however, the overall control 
performance is superior to that of DTC, especially for 
current and torque ripple [8]. Therefore, most electric 
vehicle development companies use FOC for improving 
the precision and stability of current control. Fig. 1 shows 
the speed profile of a vehicle in an urban area. In the case 
of an urban area, the speed of the vehicle is varied very 
frequently because of the complicated driving environment.  

Fig. 2. shows the speed-power profile corresponding 
to the variable torque of IPMSM. Actually, in the electric 
vehicle system, the required torque reference is defined 

instantaneously, corresponding to the operation of the 
accelerator and braking by the driver.  
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Fig. 1. Speed profile of vehicle in urban area 
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Fig. 2. Speed-power profile corresponding to the variable 
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Fig. 3. Conventional FOC algorithm for driving IPMSM 
 
Therefore, the transient state torques are generated very 

frequently corresponding to the variation of vehicle speed. 
At the moment the torque reference changes, depending on 
the responsiveness of the transient torque, the speed ripple 
of IPMSM is determined.  

This speed ripple reduces the running performance of 
the electric vehicle. For example, the pushed back 
phenomenon occur when the car departs from a stationary 
position in an uphill situation. Therefore, in order to 
ensure the fast dynamics control of IPMSM, research on 
improving the transient response of the torque output is 
essential. 

Fig. 3 shows the conventional FOC algorithm for 
controlling IPMSM. In this system, the optimal current 
reference generator for torque output and the current 
controller for the following current reference are needed.  

In the case of the optimal current reference generator, 
the maximum torque per ampere (MTPA) control is 
generally used for optimizing electrical and mechanical 
efficiency [9-11]. Moreover, the PI current controller is 
generally used for the following current reference because 
of the stability in steady states.  

However, the formulas for calculating the current 
reference performing MTPA is the 4th equation, which is 
too complex to compute which is required time delay. 
Therefore, the overall dynamics is slow when the MTPA 
control is performed based on mathematical formulas. Also, 
because of the natural characteristics of the PI current 
controller, the delay component is included due to the 
integral controller, which decreases the current dynamics.  

Therefore, in order to improve the torque output 
response characteristics of the electric vehicle, the optimal 
current reference generator, and current controller need to 
be improved.  

Predictive control has been studied in various fields 
considering the stability, dynamic characteristics and 
efficiency, etc. Studies had been conducted for obtains an 
optimal controlled output through predicting the environ-
ment of the control system [12], and for improving the 
dynamic characteristics by predicting the time-delay of 
network system [13, 14]. Also, the control variable can be 
controlled by directly predicting the control variable based 
on the load model of the system [15]. 

In this paper, an improved current reference generator 

and current controller are proposed. For the optimal current 
reference generator, 2D-LUT which is the accumulated d-q 
current reference map reflecting the maximum speed and 
torque range of IPMSM measured by experiment is applied.  

By using the 2D-LUT, it is possible to output current 
reference instantaneously, corresponding to the speed-torque 
variation regardless of constant torque region and constant 
power region without any mathematical calculation in 
the experimental area, thus improving the dynamic 
characteristics of the system. Also, the d-q current reference 
including the parameter variation according to the speed 
and torque in the 2D-LUT designed environment can be 
used.  

Also, for the current controller, the finite-state predictive 
current control is applied in transient torque state to 
eliminate the delay components of the conventional PI 
current controller.  

This paper is arranged as follows. Section 2 explains 
the finite-state model predictive current control of the 3-
phase VSI driving IPMSM; Section 3 introduces the 
proposed control algorithm of IPMSM; Section 4 shows 
the simulation results; Section 5 gives the experimental 
results for evaluating the performance of the proposed 
method and the characteristic of the predictive current 
control of driving system; and Section 5 provides the 
conclusion. 

 
 

2. Model Predictive Current Control 
 
The quality of current control plays a very important role 

because of the need for reliability and stability of the 
applied IPMSM driving system. Various current controllers 
have been developed such as the hysteresis current control, 
PI current controller, fuzzy controller, and so on. Among 
the various current controller, model predictive control is 
an advanced control method that can be applied to not only 
linear systems but also nonlinear systems.  

Model predictive control can be classified into the finite-
state model predictive control, in which a pulse width 
modulation (PWM) modulator is not used, and the infinite-
state model predictive control using the modulator. The 
finite-state model predictive control is a very intuitive 
control method in terms of the control standard and finite 
switching states of the power converter. The control 
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Fig. 4. Load model of 3-phase VSI with IPMSM 
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standard is unified by the cost function, regardless of the 
control variable.  

In the finite-state model predictive control, it is possible 
to easily control the system without the PWM modulator 
representing nonlinear control having very fast response 
characteristics [16-12]. Finite-state model predictive control 
determines the next output by calculating the predictive 
values using the mathematical model of the system used. 

Mathematical modeling is only considered in the on-off 
state of the power semiconductor switch. In this case, the 
number of available switching states of the power converter 
can be calculated by Eq. (1). 

 
 yN x=   (1) 

 
Where x is the available switching states at each phase 

and y is the number of phases of the power converter. In 
this manner, the total number of possible switching states 
of the 3-phase inverter is 8. The standard of finite-state 
predictive control is cost function. The cost function is the 
indicator of the error of reference and actual value of the 
control variable. The cost function of the finite-state 
predictive current control is as follows. 

 
 * *| ( 1) | | ( 1) |p p

ds ds qs qsg i i k i i k= - + + - +   (2) 
 
Where g represents the cost function, and p

dsi (k+1) are 
the predictive d-q stationary coordinate load currents at 
(k+1) sampling and the *

dsi , *
qsi  are the references of the d-q 

stationary coordinate load current.  
By using Eq. (2), the current is controlled to follow the 

current reference, and the current reference is determined 
at the stationary coordinate. By considering the available 
switching states of the 3-phase inverter, the optimal 
switching state having the minimum cost function is 
selected.  

In order to apply the finite-state model predictive 
current control in the 3-phase inverter especially for 
IPMSM driving, the load model of IPMSM is required for 
predicting the future current. 

Therefore, the overall quality of the finite-state model 
predictive current control of IPMSM is determined 
depending on the accuracy of the load model. The IPMSM 
is regarded as a combination of resistance, inductance, and 
back-EMF. Considering the parameter of the resistance 
and inductance is little changed at rated current and 
temperature, the phase voltage equation of IPMSM are as 
follows. 

 

 a
aN s s a a

di
V L R i e

dt
= + +   (3) 

 b
bN s s b b

di
V L R i e

dt
= + +   (4) 

 c
cN s s c c

di
V L R i e

dt
= + +   (5) 

Where Rs and Ls are the stator resistance and inductance, 
respectively, and ea,eb and ec are the back-EMF of each 
phase. Considering the unitary vector of 2 /3ja e p= , the 
output voltage vector can be calculated by Eq. (6). 

 

 22 ( )
3 aN bN cNv v av a v= + +   (6) 

 
Also, the current vectors and back-EMF vectors can be 

defined as equations (7) and (8). 
 

 22i ( )
3 a b ci ai a i= + +   (7) 

 22e ( )
3 a b ce ae a e= + +   (8) 

 
By substituting the phase voltage into (6)-(8), a voltage 

vector equation can be obtained such as (10).  
 

2 2

2 2

2 2( ) ( )
3 3

2 2          ( ) ( )
3 3

s a b c s a b c

a b c nN nN nN

dv L i ai a i R i ai a i
dt

e ae a e v av a v

æ ö æ ö= + + + + +ç ÷ ç ÷
è ø è ø

+ + + + + +
  (9) 

 V=R i+L es s
di
dt
+   (10) 

 
To achieve current control using the finite-state model 

predictive control method, a current discrete model is 
needed. Where di/dt can be replaced with (11) for a 
sampling period Ts to transfer the discrete equations. 

 

 , ,( 1) ( )d q d q

s

i k i kdi
dt T

+ -
@   (11) 

 
So, the predicted current vector of (k+1) can be 

calculated by Eq. (12) by substituting di/dt into Eq. (11). 
 

 , ,( 1) 1 ( ) ( ( ) ( ))P s s s
d q d q

s s

R T T
i k i k v k e k

L L

Ùæ ö
+ = - + -ç ÷

è ø
  (12) 

 
Where ( )e k

Ù
 denotes the estimated back-EMF in 

discrete-time, the back-EMF can be calculated from (10) 
considering the measured current and voltage value at (k-1) 
sampling.  

 

 , .( 1) ( 1) ( ) ( 1)s s
d q s d q

s s

L L
e k v k i k R i k

T T

Ù æ ö
- = - - - - -ç ÷

è ø
  (13) 

 
At the high sampling frequency condition, the back-

EMF does not change significantly because the sampling 
period is very short. Therefore, the back-EMF can be 
estimated using an extrapolation of the past values. 
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Consequently, it has the following relation.  
 

 ( 1) ( )e k e k
Ù Ù

- »   (14) 
 
Using equations (12)-(14), the predicted future current at 

(k+1) can be calculated using the past values as id,q(k-1), 
and the current value as id,q(k), v(k) for every sampling time.  

In order to follow the current references, the controller 
should select the optimal voltage vector that has the 
minimum cost function, representing an error value between 
the current references and the calculated current value at 
(k+1) sampling. 

Fig. 5. shows the simple diagram of the finite-state 
model predictive current control of 3-phase VSI with 
IPMSM, and  

Fig. 6. shows a flow chart of the finite-state model 
predictive current control of the 3-phase inverter with 
IPMSM. As aforementioned, the available switching vector 
of the power converter is only considered in the current 
control when using the finite-state model predictive current 
control. Therefore, the available 8 voltage vectors are 
considered for calculating the cost function in 3-phase VSI. 
Among the voltage vectors, the optimal voltage vector 
having the lowest cost function value is selected. 

 
Fig. 7. Operation principle of finite-state model predictive 

current control 
 

 
(a) 

 
(b) 

Fig. 8. Optimal switching vector selection at (a) (k-1), (b) 
(k) sampling 

 
Based on the selected optimal voltage vector v(k), the 

future current i(k+1) output at (k) sampling [23]. 
Fig. 7. shows the operation principle of the finite-state 

model predictive current control. Comparing the reference 
current i* at (k) sampling, the optimal voltage vector having 
a minimum current error is V2. Fig. 8. shows the optimal 
switching vector selection at (k-1) and (k) sampling.  

In order to output i (k), v (k-1), i (k+1) and v (k) are 
selected, respectively. As seen in the figure, V3 and V2 are 

 id,q(k)
Measurement

ip
d,q(k+1)

Load Model

Optimal 
Switching 

Vector 
Selection

Apply
Switching

Vectori*d,q(k)
3-phase

VSI
IPMSM

id,q(k)

 
Fig. 5. Simple diagram of finite-state model predictive 

current control of 3-phase VSI with IPMSM 

 

 
Fig. 6. Control algorithm of finite-state model predictive 

control of 3-phase VSI with IPMSM 
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selected. 
Comparing finite-state predictive current control and 

space vector pulse width modulation (SVPWM), the 
number of available switching states is infinite in SVWPM. 

Also, the magnitude of the voltage vector can be changed 
depending on the voltage vector reference. Therefore, the 
steady states current is more stable at SVPWM compared 
to the finite-state model predictive current control at the 
same sampling frequency. However, the FOC using the 
SVPWM operating fixed switching frequency as a 
modulator needs an additional PI current controller. 

But the conventional PI current controller has a delay 
component due to the integral controller and the control 
performance varies in accordance with the set gain value.  

However, in the finite-state model predictive current 
control, the optimal voltage vectors apply directly in every 
sampling operating variable switching frequency. Especially, 
when the current reference is changed, the switching state 
is held several sampling. Therefore, the current dynamics is 
improved compared to the linear control in transient states.  

Also, in steady states, the ripple of the output current can 
be minimized corresponding to the increasing sampling 
frequency in the applied system.  

The current ripple is larger than the linear controller 
using the PI current controller at a low sampling frequency, 
but its dynamic response is faster than that of the linear 
controller because of its finite-switching vector control and 
variable switching frequency.  

3. Proposed FOC for driving IPMSM 
 
The proposed FOC consists of 2D-LUT for the current 

reference generator corresponding to the speed-torque, the 
PI controller, and the predictive current controller for 
following the current reference. For conducting MTPA 
control, the disabilities are that the control method which is 
based on numeral 4th equation has to calculate very 
complex equation at every sampling time and it needs 
additional calculation in the flux weakening region of 
motor and disturbance. In other words, the limitations of 
the MTPA control are that it cannot interact with the speed 
area of the motor, while disturbances are generated from 
the external conditions.[24]  

For the above reasons, in this paper, 2D-LUT is designed 
for the accumulated d-q axis current data optimized for 
torque command considering the speed of the motor 
throughout the experiment. When designing the 2D-LUT, 
the d-q axis current is applied through the beta degree, 
which makes maximum torque when the stator current is 
being adjusted at a certain motor speed.  

Since the d-q axis current that performs MTPA is 
determined from experimental results, it can consider the 
disturbances from external causes from that of experi-
mental environment. Especially, in the torque reference for 
the corresponding speed, since it generates the current 
reference without calculation, it can control torque that has 
fast dynamic characteristics. Therefore, the method for 
designing the 2D-LUT has high reliability in terms of 
stability and dynamics.  

However, it is very difficult to collect d-q current 
reference data for the entire speed-torque area of the motor 
since these data are infinite. Therefore, linear interpolation 
of the experimental data is required for torque control for 
all areas. As the d-q axis current map is given in detail, it is 
possible to accurately provide MTPA torque control.  

The d-q current distribution of 2D-LUT is shown in Fig. 
11. The speed and torque range of 2D-LUT designed for in 
this system are respectively up to 5000rpm and 15Nm 
considering the motor rated power and speed range at 
200V dc-link with linear interpolation at room temperature. 

Also, finite-state model predictive current control has 
the advantage of having fast dynamics in the transient 
torque, but the total current ripple is higher than the linear 
current control in a low switching frequency.  

However, considering the total switching loss of the EV 
driving system, a low switching frequency of less than 
10~15kHz is needed for considering switching loss and 
system efficiency.  

In order to use the advantages of each controller at the 
low switching frequency, the proposed method is used to 
divide the control area by the transient state and steady 
state.  

Thus, the predictive current control is operated at the 
torque transient state and PI control applies at the torque 
steady state.  
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(a)                       (b) 

Fig. 9. Comparison of available switching vector, (a) 
Finite-state model predictive current control (b) 
SVPWM 

 

 
(a)                     (b) 

Fig. 10. Comparison of switching state at sector 1, (a) 
Finite-state model predictive current control (b) 
SVPWM 
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The proposed FOC for driving IPMSM is shown in Fig. 
12. The selector block of current control method between 
finite-state model predictive current control and PI current 
control operates as per the following equation to separate 
the transient state and steady state. The torque reference of 
IPMSM from 2D-LUT is determined by a number of 
positive and negative step functions corresponding to the 
speed variation of EV. 

Accordingly, the d-q axis current reference is also 

applied as a step function respectively performing MTPA 
through 2D-LUT. In general, the settling time defines the 
time it takes for the control system to fall within the 
tolerance of the final control value. 

The steady state is defined as the state in which the 
control object has a tolerance within 5% of the final control 
value. In order words, the transient response time is 
defined as settling time at step function, and after settling 
time, it can be called steady state. 

 
(a) 

 
(b) 

Fig. 11. d-q axis current distribution of 2D-LUT: (a) d-axis current reference; (b) q-axis current reference 
 

 
Fig. 12. Proposed FOC for driving IPMSM 
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Therefore, the transient state and the steady state of the 
current control were selected by using the Kt constant. 

 

 
*

*

( )1 100t
i i kK

i
æ ö-

= - ´ç ÷
è ø

  (15) 

 
Where Kt is defined as the reference estimated rate. This 

factor represents the percentage value of the actual output 
current value compared with the reference. If the Kt is 100, 
the output current of the system is equal to the current 
reference. Based on the range of Kt, the selector block 
determines the controller. The selection of the current 
controller corresponding to the current is as follows.  

 

 
PI control                                    (95 K 105)
Predictive current control            (K 95,  105 K )

t

t t

£ £ì
í £ £î

  (16) 

 
The control range is 5% which representing the current 

steady states. Fig. 13 shows the control area corresponding 
to the Kt. The proposed control method is used to follow 
the current reference in the form of a combination of a linear 
controller representing a PI controller based SVPWM and a 
non-linear controller representing a finite predictive current 
controller for stable current control at the low switching 
frequency.  

In order to ensure the improvement of dynamic 
characteristics at torque transient state, the current reference 
operating MTPA is output from the 2D-LUT block instead 
of from the mathematically-based MTPA block. And the 
predictive current controller is only used at the torque 
transient state. In consideration of the characteristics of the 
cost function of the predictive current control, the current 
input of the predictive controller is the stationary coordinate 
axis current converted from the synchronous d-q axis 
current reference from the 2D-LUT. So the stationary 
current reference converterd from the 2D-LUT is used 
for finite-state model predictive current control only when 
the output torque is in transient states.  

 
 

4. Simulation Results 
 
In order to verify the reliability of the proposed system, 

a simulation was performed. The system parameters of the 
simulation and experiment are shown in Table 1.  

Before comparing the improvement characteristics of 
conventional and proposed FOC, the current control of 
finite-state model predictive current and current output 
characteristics corresponding to the sampling period are 
given.  

Fig. 15 shows the simulation waveforms of the d-q 
axis stationary reference, output current, cost function 
and switching vector selection performing the finite-state 
model predictive current control at 10kHz sampling. 

The finite-state model predictive current control of 3- 

PI Controller

Predict Controller

Predict Controller

105
100
95

time

Output current

Current reference

0

kt

 
Fig. 13. Control area of proposed current control 

 

PI

PI

IPMSM

SVPWM

INVERTER

Position
Sensor

d-axis 
Current contoller

Prodictive
Controller

2D LUT Defining 
Switching 
Function 

output Mode

Mux

q-axis 
Current contoller

 
(a) 

PI

PI

IPMSM

SVPWM

INVERTER

Position
Sensor

d-axis 
Current contoller

Prodictive
Controller

2D LUT Defining 
Switching 
Function 

output Mode

Mux

q-axis 
Current contoller

 
(b) 

Fig. 14. Operation part of proposed FOC for driving 
IPMSM: (a) Transient states; (b) Steady states 

Table 1. Simulation and experiment parameters of IPMSM 

Parameter Value Unit 
Rated power 16 kW 

DC-link 200 V 
Rated current 46 A 
Rated speed 3750 RPM 

Stator resistance 0.72 Ω 
Number of pole 8 Pole 

Pmflux 0.0455 Wb 
d-axis inductance 303 Hm  
q-axis inductance 907 Hm  

Switching frequency 10 kHz 
Sampling period 100 sm  

Moment of Inertia 0.0297 2kg m×  
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Fig. 16 shows the enlarged waveforms of the d-q reference 
and output current, the switching vector, and the cost 
function. Switching vectors are selected in each sample and 
the cost function value of that time can be certified. Fig. 17. 
shows the d-q axis stationary reference and output current 
compared to the different sampling periods.  

The finite-state model predictive control performs non-
linear control by measuring the cost function at every 
sampling. Therefore, the finite-state model predictive 
control is greatly affected by the sampling period. As the 
length of the sampling period reduces, the size of the 
output current ripple also reduces because the cost function 
can be calculated more frequently.  

However, in low switching frequency, at approximately 
less than 20kHz and Ts=50 sm , the quality of the current 
output is greater when using the SVPWM and PI current 
controller. 

Fig. 18. shows the comparative waveforms of torque and 
phase current of conventional FOC and FOC using only the 
predictive control. At the same sampling and switching 

frequency, the quality of torque and phase current of 
conventional FOC using the SVPWM based PI current 
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Fig. 15. Simulation waveforms of reference and output d-q 

axis current, cost function, and switching vector 
selection.(Ts=10 sm ) 
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Fig. 16. Enlarged waveforms of d-q reference and output 
current, switching vector selection, and cost 
function. (Ts=10 sm ) 

 
10

-10

0

-20

20

15
10

-5

5

-10
-15
-20

0

0.09 0.095 0.105 0.11
Time(s)

0.1

Ids_real       Ids_ref     

Iqs_real       Iqs_ref     

 
(a) 

 

20

10

-20

0

-10

20

10

-20

0

-10

0.09 0.095 0.105 0.11
Time(s)

0.1

Ids_real       Ids_ref     

Iqs_real       Iqs_ref     

 
(b) 

 20

10

-20

0

-10

20

10

-20

0

-10

0.09 0.095 0.105 0.11
Time(s)

0.1

Ids_real       Ids_ref     

Iqs_real       Iqs_ref     

 
(c) 

Fig. 17. d-q axis reference and output current of predictive 
control. (a) Ts=100 sm , (b) Ts=50 sm , (c) Ts=10 sm  
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controller is greatly stable. 
Fig. 19. Shows the comparative waveforms of torque 

and phase of conventional and proposed control. In order 
to improve the torque dynamic in transient state and stable 
current and torque control in both transient and steady 
states, the finite-state model predictive current control is 
only used at torque transient state in proposed method.  

As seen the figure, the phase current of conventional 
FOC has the fixed switching frequency because of the 
SVPWM.  

So the phase current of conventional method repeats the 
increase and decrease of the phase current corresponding to 
the fixed switching on-off operation to follow the reference.  

On the other hand, in proposed method, in transient stats, 
the phase current has a continuously increasing form 
because the switching state is kept several sampling 
considering the cost function that makes the dynamic 
characteristics is improved in transient states. 

Fig. 20 shows the comparative d-q axis current and 
torque waveforms of conventional and proposed FOC at 
positive torque input 15Nm. The d-q axis synchronous 
current are output from the 2D-LUT corresponding to the 
positive torque. Comparing the conventional method and 
the proposed method, the d-q current output and positive 
torque of steady state of conventional and proposed FOC 
are same because SVPWM based PI current controller is 
operated in both current controller.  

But in the torque and current transient states, where the 
torque and current reference is changed, the output current 
and torque are different comparing the conventional and 
proposed FOC because of the different current controller.  

As seen in Fig. 20, the positive torque dynamic in 
transient state is improved because of applying the finite-
state model predictive current controller.  

Fig. 21 shows the comparative d-q axis current and 
torque waveforms of conventional and proposed FOC at 
negative input -15Nm. Likewise, the torque response 
characteristics improvement of torque transient state is 
verified through simulation result. 
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Fig. 19. Comparative waveforms of torque and phase 
current of conventional and proposed control
(Ts=100 sm ) 
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Fig. 20. Comparative waveforms of conventional and 
proposed FOC (Ts=100 sm ), (a) d-q axis current, 
(b) positive torque 
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Fig. 21. Comparative waveforms of conventional and 
proposed FOC (Ts=100 sm ), (a) d-q axis current, 
(b) negative torque 
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5. Experimental Results 
 
An experiment was performed to verify the reliability 

of the proposed FOC system. The experimental con-

figurations of the experimental system and set are as 
follows, and the experiment parameter is in the Table 1.  

The control is implemented on TMS320F28335, and that 
of the floating- point operation at a rate of 150MHz. The 
switching and sampling frequency is 10 kHz. The power is 
supplied to the 3-phase inverter trough the 3-phase rectifier 
for driving IPMSM, and the M-G set consists of a PWM 
converter, an LCL filter, and 3-phase inverter for driving 
load motor.  

The torque control of IPMSM was implemented during 
the speed of the load motor is controlled 1200RPM in 
constant torque region. The torque reference input was 
respectively positive and negative step function.  

Fig. 24. shows the stationary reference and output d-q axis 
current at finite predictive current control. The sampling 
period was selected as 100 sm  representing the maximum 
switching frequency is 10kHz, considering the low 
switching frequency. The switching frequency for the 
driving IPMSM is generally lower than 15kHz, considering 
the switching loss of VSI in EV. 

As seen in Fig. 25, the quality of the current output of 
SVPWM using the PI current controller in greater than 
the finite predictive current control at same switching 
frequency.  

Fig. 26 shows the experimental waveforms of d-axis 
stationary reference, output, switching vector and cost 
function and its enlarged waveforms. The optimal 
switching vector is selected at each sampling and the cost  
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Fig. 25. Phase current (a) Finite-state model predictive 
current control, (b) space vector pulse width 
modulation (Ts=100 sm ) 
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Fig. 22. Configuration of Experiment system 
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Fig. 23. Experiment setup 
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Fig. 24. The stationary reference and output d-q axis current

at finite-state predictive current control.(Ts=100 sm ) 
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(a) 

 
(b) 

Fig. 28. Comparative waveforms of negative torque output 
at transient and steady states. (a) Conventional 
FOC, (b) Proposed FOC (Ts=100 sm ) 

 
function corresponding to the selected switching vector is 
seen.  

Considering the minimum cost function for current 
control, the period in which the switching state is held for 
several sample exists that make the fast dynamic 
characteristics of finite-state model predictive current 
control.  

Fig. 27 and 28. show the comparative waveforms of 
positive and negative torque output in transient and steady 
states comparing the proposed method and the 
conventional method. The magnitude of torque reference is 
±4 Nm, and in order to certify the improvement of the 
torque dynamic in transient state, the waveforms was 
enlarged: Time scale is 10ms. As seen in Fig. 27 and 28, 
the torque output dynamic in transient states is improved 
reducing 10ms comparing the conventional FOC method.  

As the torque and current are reached at steady states, 
the current output and torque output is same for both two 
control algorithm. Torque and current output dynamics 
improvement are verified through these experiment results. 

 
 

6. Conclusion 
 
In this paper, torque transient response improvement of 

IPMSM using finite-state model predictive current control 
is proposed. In order to improve control quality, the 
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Fig. 26. Waveforms of finite-state predictive current control
(a) d-axis reference and output, (b) Enlarged 
waveforms. (Ts=100 sm ) 
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Fig. 27. Comparative waveforms of positive torque output 
at transient and steady states (a)Conventional 
FOC, (b) Proposed FOC (Ts=100 sm ) 
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improved current reference generator and current controller 
is required. The proposed system is the mixed forms of 
conventional FOC with 2D-LUT and finite-state model 
predictive current controller. The improving dynamics 
characteristic of output torque in transient states is verified 
through the simulation and experiment results. 
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