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Abstract  
 

The conventional model predictive direct torque control (MPDTC) method uses all of the voltage vectors available from a two 
level voltage source inverter for the prediction of the stator flux and stator current, which leads to a heavy computational burden. 
This paper proposes an improved model predictive direct torque control method. The stator flux predictive controller is obtained 
from an analysis of the relationship between the stator flux and the torque, which can be used to calculate the desired voltage 
vector based on the stator flux and torque reference. Then this method only needs to evaluate three voltage vectors in the sector 
of the desired voltage vector. As a result, the computational burden of the conventional MPDTC is effectively reduced. The time 
delay introduced by the computational time causes the stator current to oscillate around its reference. It also increases the current 
and torque ripples. To address this problem, a delay compensation method is adopted in this paper. Furthermore, the switching 
frequency of the inverter is significantly reduced by introducing the constraint of the power semiconductor switching number to 
the cost function of the MPDTC. Both simulation and experimental results are presented to verify the validity and feasibility of 
the proposed method. 
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I. INTRODUCTION 

Field-Oriented Control (FOC) [1] and Direct Torque Control 
(DTC) [2]-[5] are widely used in high-performance ac drive 
application. The main difference between these control 
strategies is that the torque and flux are directly controlled 
using torque and flux hysteresis comparators in DTC, whereas 
the d-axis and q-axis components of the stator current are used 
to control the torque and flux in the FOC. Therefore, the 
dynamic performance of the DTC control method is better than 
that of the FOC control method. However, DTC has some 
drawbacks such as high torque and flux ripples and a variable 
switching frequency in the power semiconductors [6], [7]. A 
novel switching table, which can effectively reduce the torque 
ripple of permanent magnet synchronous motors, has been 
presented in [8]. The root cause of the variable switching 
frequency in DTC is the use of hysteresis controllers [9]. To 
overcome this problem, various methods have been proposed 

in the literature including the use of a new torque and flux 
controllers [6] and fuzzy logic control techniques [10]. 

In the late 1970s, Model Predictive Control (MPC) was 
applied as a control algorithm in the chemical process industry. 
MPC is a nonlinear predictive control strategy with a strong 
ability to handle nonlinear constraints. It is also a flexible 
control strategy due to its use of a cost function as the 
optimization criterion [11]. Although MPC is widely used in 
the chemical process industry, it still has disadvantages such as 
the high requirements of the controller performance due to the 
need for online calculations [12]. Due to the limitation of 
microprocessors calculation ability, model predictive control 
has rarely been applied in the electrical drive field over the last 
few decades [13]. Nowadays, the development of digital signal 
processors has made it possible to use MPC in the electrical 
drives field. In [14], a MPC method was applied in the power 
electronics field for the first time. In fact, the conventional 
DTC is also widely interpreted as a predictive control 
strategy. However, the conventional DTC can only roughly 
predict the switching state in the next sampling period due to 
its lack of an explicit prediction model and optimization 
criterion. 

To improve the torque performance of the conventional 
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DTC, the optimal voltage vector is selected by using a 
finite-control-set model predictive torque control strategy with 
a deadbeat solution [15]. Finite-control-set model predictive 
torque control is a control strategy that utilizes a system 
discrete time model to predict the future state of the system, 
and instead of modulator, and utilizes a cost function to obtain 
the optimal switching state [16]-[18]. Model Predictive DTC 
(MPDTC) is quite different from the conventional DTC. 
MPDTC uses a cost function to select the optimal voltage 
vector so that it can improve the performance in solving 
nonlinear constraints, such as switching frequency, switching 
loss, etc. For the current control of a voltage source inverter 
with a resistance and inductance load, the predictive current 
control method is presented in [19]. It uses a discrete-time 
model of the system to predict the future value of the load 
current for all of the possible voltage vectors, and the optimal 
voltage vector is selected using a quality function. Based on the 
finite-control-set model predictive control, a torque predictive 
control method was proposed in [20]. The optimal switching 
state and switching time point are obtained by predicting the 
values of the torque and flux in the next sampling period and 
by using torque ripples as a cost function. Although the torque 
ripples are reduced, this method has some drawbacks such as a 
high switching frequency. 

The conventional MPDTC method is improved in this paper. 
The desired voltage vector is calculated by the use of a stator 
flux predictive controller. Accordingly, the sector of the 
desired voltage vector can be determined. In the end, the three 
voltage vectors in this sector, which will be evaluated by the 
cost function, are obtained. In terms of the effect of the time 
delay, it is compensated to improve the performance of the 
system. In addition, this paper presents a Low Switching 
Frequency Model Predictive DTC (LSFMPDTC) method to 
reduce the switching frequency of the inverter by introducing 
the constraint of the power semiconductors switching number 
to the cost function. 

This paper is organized as follows. Section Ⅱ presents 
mathematical models of the tested induction machine. Section 
Ⅲ introduces the conventional MPDTC method. Section Ⅳ 
explains the improved MPDTC method. Simulation and 
experimental results are given in Section Ⅴ and Section Ⅵ, and 
the conclusion of the paper is in the last section. 

 

II.  MATHEMATICAL MODEL OF AN INDUCTION 

MACHINE 

The dynamic equations of an IM with stator the flux ψs and 
stator current is as state variables can be expressed in the 
stationary αβ frame as: 

s
s s s

d
R i u

dt


 


                 (1) 

s
s s s

d
R i u

dt


 


                 (2) 

ref

IM

ˆ ( )s kψ

dcU

r

ai
su

PI

Cost Function 
Minimization

eT 

s
ψ

( )s ki

ˆ ( 1)eT k ˆ ( 1)s k ψ


abc bi

Voltage 
Reconstru-

ction

Full Order 
Observer

si

, ,a b cS S S

MPC 
Controller

Prediction 
Model

dcU

 
 

Fig. 1. Block diagram of the conventional MPDTC. 
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where ψsα, ψsβ and isα, isβ are the αβ frame components of the 
stator flux and stator current, respectively, usα, usβ are the αβ 

frame components of the stator voltage, and δ =LsLr-Lm
2. 

Rs:   stator resistance 
Rr:   rotor resistance 
Ls:   stator inductance 
Lr:   rotor inductance 
Lm:   mutual inductance 
ωr:   electrical rotor speed 

The magnitude of the stator flux can be represented as: 
2 2

s s s   ψ               (5) 

The electromagnetic torque Te is given by: 

3

2e p s sT n ψ i                (6) 

where np is the number of pole pairs and ○×  represents the 
cross-product. 
 

III. CONVENTIONAL MODEL PREDICTIVE DIRECT 

TORQUE CONTROL 

A. Structure of the Control System 

A diagram of the conventional MPDTC is shown in Fig. 1. 
Compared to the conventional DTC, the outer loop of the 
conventional MPDTC is also a speed loop, and the reference 
of torque is obtained from a  PI regulator. The main 
difference between the two control methods is that the inner 
loop of the conventional MPDTC employs a model predictive 
controller instead of the stator flux and torque hysteresis 
comparators used in the conventional DTC. The model 
predictive controller is constituted by the prediction models 
of the torque and stator flux and the cost function, while the 
predictive values of the stator flux and torque are obtained 
using the prediction models. Finally, the voltage vector that 
minimizes the cost function will be selected and applied to 
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the inverter. 

B. Full Order Observer 

The performance of the MPDTC is highly dependent on the 
accuracy of the flux observer. Thus, to improve the accuracy of 
the flux observer, a full order observer is adopted in this paper. 
Mathematical models of the full order observer are expressed 
as: 
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where ŝi , ˆ sψ  are the estimated values of the stator current 

and stator flux, respectively, and g1, g2 are the feedback 
coefficients of the current error, which can be expressed as 
follows: 
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where b is a negative constant gain [21]. The gain matrix of 
Equ. (8) is characterized by the fact that the poles of the 
observer are shifted to the left when compared with the poles 
of the induction machine, the imaginary part is small at a high 
speed, and the error convergence rate is improved. 

C. Prediction Model 

The forward Euler approximation can be described as 
follows: 

( 1) ( )

s

dx x k x k

dt T

 
              (9) 

where Ts is the sampling period. 
To predict the values of the stator current and stator flux in 

the next sampling instant, the forward Euler approximation 
expressed in Equ. (9) is employed to discretize Eqns. (1)-(4). 
The prediction models of the stator current and stator flux are 
expressed as follows: 
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Substituting (10) and (11) into (5), the predictive value of 
the stator flux magnitude |ψs| is represented as: 

2 2( 1) ( 1) ( 1)s s sk k k      ψ        (14) 

Substituting (10), (11), (12) and (13) into (6), the 
predictive value of the torque Te is represented as: 

3
( 1) ( 1) ( 1)

2e p s sT k n k k    ψ i        (15) 

For a two level voltage source inverter, there are eight 

discrete voltage vectors available, u0，u1，…，u7, if only one 

voltage vector is applied during the whole sampling period. 
The predictive values of the stator flux magnitude |ψp 

si(k+1)| 
and torque Tp 

ei(k+1) are obtained using Eqns. (14) and (15), 
when the ith voltage vector is applied to the inverter. 

D. Cost Function Optimization 

The cost function of the model predictive control is 
flexible and multifarious. In DTC, the aim is to force both the 
stator flux and the torque to quickly track their own reference 
values [13]. Therefore, the relative errors of the torque and 
flux can be regard as a cost function of MPDTC: 
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where ψ* 
s  and T* 

e  are the reference values of the stator flux 
and torque, ψsN and TeN are the rated values of the stator flux 

and torque, and kψ and kT are the weighting factors of the 
stator flux and torque. The control of the stator flux and 
torque can be achieved flexibly by selecting suitable values 
for kψ and kT. For the eight voltage vectors, the respective 
values J of the cost function are calculated using (16), and the 
voltage vector which minimizes the cost function (16) is the 
optimal voltage vector. 

By using Equ. (16) as a cost function, the stator flux and 
torque can track their reference values quickly. However, the 
average switching frequency of the inverter is higher than 
what the conventional DTC. In the medium-voltage electrical 
drives field, the aim is to develop a control algorithm that 
achieves the same performance as the conventional DTC, 
while reducing the average switching frequency of the 
inverter. Therefore, by adding the constraint of the power 
semiconductors switching number to the cost function, the 
cost function of the LSFMPDTC can be expressed as: 
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where Sx(k) is the current switching state, Sx(k-1) is the last 
switching state, and kf is the weighting factor of the power 
semiconductors switching number. The average switching 
frequency of the inverter can be reduced effectively by 
increasing the value of kf. However, the increase of kf to 
reduce the average switching frequency of the inverter should  
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Fig. 2. Block diagram of the improved MPDTC. 

 

be appropriate, or the motor may go out of control. 
A comparison of Eqns. (16) and (17) shows that, the 

MPDTC method utilizes the minimum deviation of the torque 

and flux as the optimization criterion to select the optimal 

voltage vector. When changing the voltage vector, it does not 

need to consider the influence on the switching frequency. 

However, the LSFMPDTC method should take that condition 

into account. For example, if a voltage vector has the 

minimum torque and flux deviation, but produces a high 

switching frequency, then this voltage vector will not be 

regarded as the optimal voltage vector. This means that the 

torque and flux deviations generated by the optimal voltage 

vector of the LSFMPDTC may not be the minimum. In this 

situation, a voltage vector is applied to the inverter 

continuously for several control periods. As a result, the 

switching frequency can be reduced. In addition, increasing 

the weight factor kf makes this phenomenon appear more 

frequently. 

 

IV. IMPROVED MODEL PREDICTIVE DIRECT 
TORQUE CONTROL 

A diagram of the improved MPDTC system is illustrated in 
Fig. 2. Compared with the conventional MPDTC, the stator 
flux predictive controller and time delay compensation are 
introduced in the improved MPDTC to improve the control 
performance. Detailed information about the stator flux 
predictive controller and time delay compensation will be 
described in the following sections. 

A. Stator Flux Predictive Controller 

Due to the eight voltage vectors in a two level voltage 
source inverter, the conventional MPDTC method needs to 
evaluate all eight voltage vectors in the process of 
selecting the best voltage vector. Thus, the computational 
burden is significantly increased. In this paper, a stator flux 
predictive controller is designed to reduce the computational 

burden of the conventional MPDTC. By using the stator flux 
predictive controller, the desired voltage vector is calculated 
based on the torque and stator flux reference. Then, the 
improved MPDTC only needs to evaluate the three voltage 
vectors in the sector of the desired voltage vector. Hence, the 
computational burden is effectively reduced. In the following, 
the design process of the stator flux controller is described in 
detail. 

The electromagnetic torque can be expressed as: 
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From Equ. (18), the relationship between the stator flux 
angle and the rotor flux angle can be obtained as: 
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Substituting the torque reference value T* 
e  and stator flux 

amplitude reference value |ψ* 
s | into (19), the reference value 

of the stator flux angle can be expressed as: 
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Therefore, by using the torque reference value T* 
e  and 

stator flux amplitude reference value |ψ * 
s |, the αβ frame 

components of the stator flux reference value ψ* 
s  can be 

obtained as: 
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From Eqns. (10) and (11), if ψsα(k+1)=ψ* 
sα and ψsβ(k+1)=ψ* 

sβ, 
the αβ frame components of the desired voltage vector u* 

s  can 
be obtained as: 
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The desired voltage vector u* 
s  can be obtained from (22), 

and is adopted for the stator flux predictive control. Then, the 
sector of the desired voltage vector u* 

s  is calculated, and the 
three voltage vectors in this sector are obtained. Finally, the 
three voltage vectors are evaluated by the cost function, and 
the voltage vector that minimizes the cost function is the 
optimal voltage vector. For example, if the desired voltage 
vector u* 

s  is in sector Ⅰ, then the three voltage vectors are 
u0(000/111), u1(100) and u2(110), respectively. Considering 
that the inverter has two zero vectors, the zero vector is 
selected based on the criterion of the minimum switching 
number between different voltage vectors. For example, if the 
optimal voltage vector of the previous period is u1(100), then 
the voltage vector u0(000) will be selected for the 
optimization solution.  

B. Time Delay Compensation 

Fig. 3 gives a schematic diagram of the model predictive 
control in which the solid lines are the actual trajectory given 
by the application of the optimal voltage vector, and the 
dashed lines represent the predictions for isα. This simplified 
schematic diagram offers current trajectories of three voltage 
vectors. The current predictive control under ideal conditions 
is shown in Fig. 3(a). In this case, the calculating time is 
negligible. This means that if the optimal voltage vector 
uopt(k) is calculated at the time tk, the value of uopt(k) will be 
applied to the inverter instantly. However, in practical 
applications, due to the limitations in terms of 
microprocessors calculation ability, the calculation time is 
considerable. Therefore, the optimal voltage vector calculated 
at the time tk is applied to the inverter at tk+1 and the measured 
stator current is(k) and stator flux ψs(k) are already changed 
into is(k+1) and ψs(k+1) at the k+1th sampling instant. This 
introduces a considerable time delay into the system. As a 
consequence, the stator current oscillates around its reference, 
and the current and torque ripples increase. The results are 
shown in Fig. 3(b). 

To compensate this time delay, a two-step prediction of the 
stator current and flux is adopted. First, the optimal voltage 
vector uopt(k+1) needed for the time tk+1 is calculated at tk. 
Then uopt(k+1) is applied to the inverter at tk+1, as shown in 
Fig. 3(c). By comparing Fig. 3(b) with Fig. 3(c), it can be 
seen that the time delay increases the current ripple, which 
leads to the same voltage vector being continuously applied 
to the inverter for several control periods. As a result, the 
switching frequency of the MPDTC without delay 
compensation is lower than that of the MPDTC with delay 
compensation. The switching frequency comparison results 
of these two methods are given in the following section. 

By using the stator current is(k+1) and stator flux ψs(k+1) 
as starting conditions for the prediction of the stator current 
and stator flux, the predictive values of the stator current 
is(k+2) and stator flux ψs(k+2) at the k+2th sampling instant 
can be expressed as: 
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Fig. 3. Schematic diagrams of the model predictive control. 
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From Eqns. (5) and (6), the predictive values of the stator 
flux amplitude and electromagnetic torque at the k+2th 
sampling instant can be obtained as: 
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The cost functions of the MPDTC with delay 
compensation and the LSFMPDTC with delay compensation 
can be expressed as: 
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C. Implementation of the Improved MPDTC Optimization 
Algorithm 

A flowchart of the improved MPDTC optimization 
algorithm is shown in Fig. 4. It includes the following steps. 
  Step 1) Measure the current is(k), the dc-link voltage Udc(k) 

and the rotor speed ɷr(k) at the kth sampling 
instant. 

  Step 2) Estimate the stator flux ˆ ( )s kψ  and rotor flux 

ˆ ( )r kψ  at the kth sampling instant using a full 

order observer. 
  Step 3) Compensate the time delay by predicting the values 

of the stator flux ˆ ( 1)s k ψ  and stator current 

ˆ ( 1)s k i  at the k+1th sampling instant. 

Step 4) Calculate the desired voltage vector u* 
s  using the 

stator flux predictive controller. Then calculate the 
sector of u* 

s , and the three voltage vectors in the 
sector of u* 

s  are obtained, which will be evaluated 
by the cost function. 

  Step 5) Predict the torque and stator flux for the three 
voltage vectors, using (27). Then evaluate the 
cost function Ji using (28) or (29). 

Step 6) Find the minimum value of the cost function. 
Step 7) Select the optimal voltage vector uopt(k) that 

minimizes the cost function. Return to Step 1). 

 

V. SIMULATION RESULTS 

To validate the validity of the proposed MPDTC method, a 
simulation of the proposed MPDTC method was carried 
out using Matlab/Simulink simulation software. In the 
MPDTC, the weighting factors kψ=2 and kT=1 have been 
selected. In the LSFMPDTC, the weighting factors kψ=2, 
kT=1 and kf=0.1 have been selected. The PI regulator 
parameters of the speed loop are KP=1.2 and KI=0.35. The 
current error feedback coefficients of the observer are g1=−2.8  

ˆ ˆEstimate: ( ), ( )s rk kψ ψ

Predict: ( +2), ( +2) p p
ei siT k kψ

Evaluate:  (28) or (29)iJ

Minimize: iJ

Optimize: ( )opt ku

ˆˆDelay compensation: ( 1),  ( 1)s sk k ψ i

Calculate the desired voltage: s
u

Calculate the sector of s
u

Fig. 4. Flowchart of the improved MPDTC algorithm. 
 

TABLE Ⅰ 
 PARAMETERS OF THE INDUCTION MACHINE DRIVE SYSTEM 

Parameters Value Parameters Value

Rated power (kW) 3 Stator resistance (Ω) 1.725

Rated current (A) 6.8 Rotor resistance (Ω) 2.310

Rated voltage (V) 380 Mutual inductance (mH) 228 

Rated frequency (Hz) 50 Stator inductance (mH) 240 

Rated torque (N·m) 20 Rotor inductance (mH) 240 

Rated rotor speed (r/min) 1430 Number of motor pairs 2 
 

and g2=−0.034.  
The parameters of the induction machine used in the 

simulation are given in Table Ⅰ, the sampling frequency is 
6kHz and dc-link voltage Udc is 540V. 

The dynamic responses of the MPDTC without delay 
compensation, the MPDTC with delay compensation and the 
LSFMPDTC with delay compensation are presented in Fig. 5. 
From top to bottom, the curves shown in Fig. 5 are the stator 
current, rotor speed, stator flux and electromagnetic torque. 
The first speed reference is 0-300 r/min at 0.1s, the second 
speed reference step is from 300 to 600 r/min at 0.8s, and the 
third speed reference changes is from 600 to 1200 r/min at 
1.4s. The first step-up change in the torque reference is from 
0 to 10 N·m at 0.4s, and the second torque reference change 
takes place at 1.2s from 10 to 20 N·m. It can be seen that the 
torque and current ripples of both the MPDTC with delay 
compensation and the LSFMPDTC with delay compensation 
are lower than those of the MPDTC without delay  
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(a) MPDTC without delay compensation. 
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(b) MPDTC with delay compensation. 
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(c) LSFMPDTC with delay compensation. 

Fig. 5. Dynamic responses of the stator current, rotor speed, stator 
flux and electromagnetic torque. 

 
Fig. 6. Average switching frequencies of the three methods. 
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Fig. 7. Simulation results of the current and inverter output voltage 
under different weighting factors kf. 
 
compensation. In addition, the steady state performance is 
significantly improved. This means that the delay 
compensation can effectively reduce the torque and current 
ripples. From Fig. 5, it can also be seen that the estimated 

stator flux ˆ s  follows the real stator flux s  exactly in 

both the dynamic state and the steady state. 
  From the analysis of Fig. 5, it can be seen that the 
performance of both the MPDTC with delay compensation 
and the LSFMPDTC with delay compensation are better than 
that of the MPDTC without delay compensation. However, 
Fig. 6 shows that the average switching frequency of the 
MPDTC with delay compensation is higher than that of the 
MPDTC without delay compensation. The reason for this has 

already been explained in section Ⅳ-B. When compared to 

the MPDTC with delay compensation, the LSFMPDTC with 
delay compensation can significantly reduce the average 
switching frequency. This indicates that the LSFMPDTC 
with delay compensation can improve the control 
performance while minimizing the switching frequency of the 
inverter. 

Under three different weighting factors kf, the 
corresponding simulation results of the current isa and inverter 
output voltage uab at 600 r/min with the rated load are 
presented in Fig. 7. It can be clearly seen that the switching 
frequency of the inverter is gradually reduced by increasing  
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Fig. 8. Influence of the weighting factor on the average switching 
frequency and current total harmonic distortion. 
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Fig. 9. Experimental platform. 
 

the weighting factor kf. At the same time, an increasement of 
kf leads to a higher current distortion. Fig. 8 shows the 
influence of different weighting factors kf on the average 
switching frequency and current total harmonic distortion. 
Therefore, the design of the weighting factor kf is considered to 
be a trade-off between the switching frequency of the inverter 
and the current distortion. In both the simulation and 
experiment, the values of kψ , kT and kf are adjusted according 
to the performance of torque, flux and switching frequency. 
The weighting factor design method needs further research. 
 

VI. EXPERIMENTAL RESULTS 

  Experimental verification of the proposed control strategy 
was performed using a TMS320F2812 controller. The 
experimental platform used in this paper is shown in Fig. 9. 
The sampling frequency of the control system is set at 6 kHz, 
and the dc-link voltage is 540V. The parameters of the 
induction machine are the same as those listed in Table Ⅰ. The 
weighting factors kψ=3, kT=1 and kf=0.14 have been selected. 
The PI regulator parameters of the speed loop are KP=2 and 
KI=0.2. The current error feedback coefficients of the observer 
are g1=−2.8 and g2=−0.034. 

(0.4Wb/div)sψ

 
(a) MPDTC without delay compensation. 

(0.4Wb/div)sψ

 
(b) MPDTC with delay compensation. 

 
(c) LSFMPDTC with delay compensation. 

 

Fig. 10. Experimental results of three methods under a sudden 
load disturbance at 900 r/min. 
 
Under an 80% of the rated load disturbance, the stator flux 

amplitude, torque, rotor speed and stator current waveforms 
of the MPDTC without delay compensation, the MPDTC 
with delay compensation and the LSFMPDTC with delay 
compensation at 900 r/min are shown in Fig. 10. It can be 
seen that the torque ripples of both the MPDTC with delay 
compensation and the LSFMPDTC with delay compensation 
are lower than that of the MPDTC without delay 
compensation. The stator flux amplitude waveforms of 
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Fig. 11. Experimental result comparison between the MPDTC 
without delay compensation and the MPDTC with delay 
compensation at 900 r/min. 
 
the three methods have a slight drop, and the rotor speed 
responses of the three methods are almost unchanged. 

A performance comparison between the MPDTC without 
delay compensation and the MPDTC with delay 
compensation at 900 r/min with 80% of rated load is 
presented in Fig. 11. The left half of Fig. 11 shows 
experimental results of the MPDTC without delay 
compensation, and the right half of Fig. 11 shows 
experimental results of the MPDTC with delay compensation. 
It is clearly seen that the current and torque ripples of the 
MPDTC with delay compensation are lower than those of 
the MPDTC without delay compensation. 

Under a 50% of the rated load disturbance, experimental 
results of the LSFMPDTC with delay compensation at 300 
r/min are shown in Fig. 12 (a), and the steady state 
experimental results are given in Fig. 12 (b). It can be 
observed that the stator flux amplitude and rotor speed are 
almost unchanged under the 50% of the rated load 
disturbance. The performance of the torque and stator current 
are good in the steady state. 

The computation times of both the conventional MPDTC 
and the improved MPDTC operating with or without delay 
compensation are shown in Fig. 13. In either case, it can 

(0.4Wb/div)sψ

 
(a) Under a 50% of the rated load disturbance. 

(0.4Wb/div)sψ

 
(b) Steady state operation. 

Fig. 12. Experimental results of the LSFMPDTC with delay 
compensation at 300 r/min. 
 

  (a) Without delay compensation.   (b) With delay compensation. 
Fig. 13. Comparison of the computation time between the 
conventional MPDTC and the improved MPDTC. 
 
be clearly seen that the improved MPDTC is able to reduce 
the computation time by more than 50% when compared with 
the conventional MPDTC. This means that the improved 
MPDTC has better computing performance. 
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(a) Stator flux.                                 (b) Stator flux locus. 

Fig. 14. Stator flux waveforms of the LSFMPDTC with delay compensation at 900 r/min. 
 

       
(a) MPDTC without delay compensation.       (b) Zoom-in view of the MPDTC without delay compensation. 

t (10ms/div)
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ua (200V/div)

       
                 (c) MPDTC with delay compensation.        (d) Zoom-in view of the MPDTC with delay compensation. 

       
(e) LSFMPDTC with delay compensation.      (f) Zoom-in view of the LSFMPDTC with delay compensation. 

 

Fig. 15. Experimental results of the current isa and inverter output voltage ua at 900 r/min with 80% of the rated load. 
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The stator flux responses of the LSFMPDTC with delay 
compensation at 900 r/min with 80% of the rated load are 
depicted in Fig. 14. Fig. 14(a) shows that the waveforms of 
the stator flux αβ frame components are very smooth. From 
Fig. 14(b), it can be observed that the stator flux locus can 
follow the circle. 
  Experimental results of the current isa and inverter output 

voltage ua at 900 r/min with 80% of the rated load are 

described in Fig. 15. This clearly indicates that the average 

switching frequency of the MPDTC with delay compensation 

is higher than that of both the MPDTC without delay 

compensation and the LSFMPDTC with delay compensation. 

Via counting the number of switchings in a period of time, 

the average switching frequency of the MPDTC without 

delay compensation, the MPDTC with delay compensation 

and the LSFMPDTC with delay compensation are obtained. 

They are 1.1 kHz, 1.8 kHz and 1kHz, respectively. 

VII. CONCLUSIONS 

  This paper has proposed an improved MPDTC method for 
induction machine drives. The three voltage vectors evaluated 
by the cost function have been obtained by a stator flux 
predictive controller. Therefore, the computational burden of 
the conventional MPDTC has been effectively reduced. The 
advantages of the improved MPDTC method become more 
obvious, if a system utilizes a multilevel (e.g., three-level, 
five-level) converter. Delay compensation has been adopted 
for the effect of time delay in this paper. The current and torque 
ripples caused by the time delay are significantly reduced. 
Furthermore, by introducing a constraint on the power 
semiconductors switching number to the cost function of the 
MPDTC, the LSFMPDTC method has been developed. The 
switching frequency of the inverter can be reduced by 
increasing the weighting factor kf of the switching frequency. 
However, the current distortion is increased at the same time. 
Both simulation and experimental results have shown that the 
stator flux obtained from the full order observer can follow 
the real stator flux exactly. The improved MPDTC method has 
good dynamic and steady state performance and can 
significantly reduce the switching frequency. 
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