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ABSTRACT 
 

Direct Torque Control (DTC) for Induction Motors using Matrix Converters is a high performance motor 
control scheme with fast torque and flux responses. This paper presents a new control scheme based on 
hybrid particle swarm optimization (HPSO). The main advantages of the matrix converter are combines 
with those of the DTC technique, generating the required voltage vectors under 0.9 input power factor 
operations. The results demonstrate the good quality and robustness in the system dynamic response and 
reduction in the steady-state and transient motor ripple torque. 
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1. INTRODUCTION  
 

Matrix converters as induction motor drivers 
have received considerable attention in recent years 
because of its good alternative to voltage-source 
inverter pulse width modulation (VSI-PWM) 
converters. In reality, the matrix converter provides 
important benefits such as bidirectional power flow, 
sinusoidal input current with adjustable 
displacement angle (i.e. controllable input power 
factor), and a great potential for size reduction due 
to the lack of dc-link capacitors for energy storage 
[1-4].  

Direct torque control (DTC) method has becomes 
one of the high performance control strategies for 
induction motor to provide a very fast torque and 
flux control [5]. It is the direct control of torque and 
flux of an electrical motor by the selection through 
a look-up table, of the power converter voltage 
space vectors. The main advantage of DTC is its 
structure simplicity, since no coordinate 
transformations, current controllers and PWM are 
needed. Moreover the controller does not depend on 
motor parameters. DTC is considered to be a simple 
and robust control scheme which achieves quick 
and precise torque control response. For such 
advanced reasons, the combination of the 
advantages of the matrix converter with those of the 
DTC method is effectively possible [6]. However, 
some research is still being done to reduce the 

electromagnetic torque ripple, which is its main 
drawback that leads to the raising stator current 
distortion noise [1]. The following methods are 
applied to improve the effects of the ripple on the 
torque output: fuzzy logic controller, multilevel 
inverter, the modulation methods of the SVM [7-9] 
and so on. Using the above methods always 
increases the complication of the system structure 
and burdens the workload of the DSP because of 
complicated calculations such as square root and 
trigonometric functions algorithm are involved. It is 
crucial to keep the short sampling period time in 
order to maintain the electromagnetic torque ripple 
within an acceptable hysteresis band [10]. It is 
difficult to implement DTC using common IC 
hardware. The DTC algorithm is usually 
implemented by serial calculations on a DSP board. 
However, as a predictive control scheme, the DTC 
has a steady-state control error produced by the 
time delay of the lengthy computations, which 
depends largely on the control algorithm and 
hardware performance. A typical DSP (TMS32010) 
execution time of the DTC algorithm for a VSI-fed 
induction motor is more than 250µs [11]. ANN has 
faster parallel calculation and more simple circuit 
structure, so it is superior to a DSP board in 
execution time and hardware structure. The 
execution time of neural devices is less than 0.5µs 
(analogue) or 0.8µs (digital) per neuron [12]. So, 
DTC of VSI fed induction motor based on ANN 
had been pointed out [13, 14]. Moreover, the 



Journal of Theoretical and Applied Information Technology 

© 2005 - 2010JATIT. All rights reserved.                                                                      
 

www.jatit.org 

 
37 
 

designers must possess plentiful experiences on 
related theories.  

 In this paper, a new DTC control for matrix 
converter with hybrid PSO (HPSO) is proposed 
which allows under the constraint of unity input 
power factor, the generation of the voltage vectors 
required to implement the DTC of three phase 
induction motor. Depending on the induction motor 
operating point such vectors might be applied and 
consequently the electromagnetic torque ripple is 
reduced. Experimental results demonstrate the 
effectiveness of the proposed control scheme was 
presented. Both, steady-state and transient 
behaviour have been investigated. 

2. DTC BASED HPSO INDUCTION MOTOR 
CONTROLLER ANN PARAMETERS 
 

The DTC using a multilevel inverter can produce 
more sets of space vector to control torque and flux 
of a motor and gain more smooth electromagnetic 
torque of the motor. However, the multilevel 
inverters need more power switch elements and 
cause more cost and complication to the whole 
system [15]. Due to the property of a matrix 
converter, there are more sets of space vectors can 
be applied to DTC. As a result, the drive systems 
fed by the matrix converter that need not any 
additional power switch element can attain the 
same performance as the multilevel inverter. 

Figure 1 shows the general control scheme 
proposed for the DTC-based HPSO induction 
motor matrix converter. In this scheme the two 
comparators with hysteresis used in the standard 
DTC configuration to control flux and torque were 
replaced by HPSO working as equivalent of PI 
controllers whose output were fed to space vector 
modulator (SVM). The HPSO stator flux controller 
loop provided the input  and the HPSO torque 
controller loop provided the input  to the SVM. 
The SVM combined and  inputs with the 
estimated stator flux position and the converter 
input voltage to modulate the required output 
voltage vector in the matrix converter. 

The proposed system took into account the DTC 
operating principle and the overall induction motor 
behaviour and used an AI controller that directly 
performed the motor control functions. 

 
Figure 1: DTC-based Hybrid PSO 

Figure 2(a) shows the situation presented when the 
flux space vector is in sector 1, presenting the effect 
that each stator voltage vector, if applied in this 
situation, would have on the torque and flux. Figure 
2(b) shows in detail the effect that the selection of a 
particular voltage vector, voltage vector 2 in this 
case, would have, taking into account the present 
stator flux space vector. In this situation the 
quadrature component of space voltage vector 2 
will increase the torque, while its direct component 
will increase stator flux. The linkage between stator 
flux space vector position and the actual effect 
produced by the stator voltage vector are the 
reasons why it is necessary to decouple the torque 
and stator flux feedback loops, in such a way that 
the selection of the next space voltage vector to be 
applied to the machine is influenced in the 
quadrature component by the torque error and in 
the direct component by the flux error. 

 

 
(a) 
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(b) 

Figure 2: (a) Standard DTC control scheme basic vector 
diagram (b) Vector diagram showing the stator voltage 
V2 d-q components 

 
The physical relationship between the variables 

to be considered can be found working from the 
induction motor stator circuit equation in the stator 
frame of reference; 

 
    (1) 

 
If flux orientation is such that  then the 
flux dynamic amplitude will be given by the real 
part of equation (1) as follows: 
 

       (2) 
 
Hence the direct component of the stator voltage 
vector  directly controls the stator flux. In this 
conditions torque is a function of the stator current 
quadrature component: 
 

    (3) 
 
From equation (1) and (3): 
 

   (4) 

 
Hence the stator vector quadrature component 

can be used for torque control, with an adequate 
decoupling between the flux and torque control 
functions. It is necessary then to use the flux and 
torque errors as inputs to the HPSO controllers that 
will determine the direct and quadrature 
components of the new stator voltage vector. To 
increase the system information level, the flux 
space vector rotational speed is calculated as the 

time derivative of the flux space vector position. 
This can be used to give an element of acceleration 
to the calculation of quadrature voltage vector 
component, increasing the torque controller 
robustness. 

The voltage vector components were combined 
to produce a vector with a magnitude  and an 
angle  measured from the flux vector position. 
The HPSO controller was able to directly set a limit 
to the direct and quadrature stator vector 
components, but the output angle must be referred 
to the stator reference frame. 

In order to do this the calculated phase angle  
must be added to the estimated flux space vector 
angle in the SVM modulator block. Stator 
resistance was used in flux and torque estimations. 
The stator voltage vector control law is given by: 

 
 (5) 

 

 (6) 
 

    (7) 
 
Where the term HPSO in each equation denotes the 
value of each HPSO output, the estimated torque 
was subtracted from the torque reference and the 
result was the input to the HPSO controller, whose 
output wass defined both by the error history and 
by the last converter output state. 

 
PSO and GA have been used to perform a wide 

range of optimization problems [11]. Each particle 
in the swarm represents a multicast tree. The 
population of permutation-based chromosomes 

 was 
initialized by employing a hybrid of random and 
deterministic approaches, where P is known as the 
population size. In order to produce the 
deterministic solution, the DTC algorithm was 
tested first and the corresponding flux and torque 
errors subsequently added to the HPSO stator flux 
and torque controller, which serves as the 
deterministic population for the proposed HPSO 
approach. 
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3. RESULT AND DISCUSSION 
 

In order to certify both, steady state and 
transient behavior of the proposed algorithm some 
simulation has been carried out. The three phase 
induction motor has the following parameters: 

V=240V, f=50Hz, Rs=1.4576Ω, Rr= 0.9023Ω, 
Ls= 151.2 mH,   Lr=163.76 mH, Lm=124.98mH, 
P=4 

A. Steady State 
The steady state of stator flux and 

Electromagnetic Torque in Figure 3 and Figure 4 
shown the proper control which was kept with the 
reference value (1000rpm and 6.5Nm). 

 
Figure 3: Stator flux trajectory at 1000 rpm and 6.5Nm 

 

 
Figure 4: Electromagnetic Torque  

 

A. Dynamic behavior 
Fig.5 the dynamic behavior has been tested 

under the speed change.  

 
Figure 5: Stator current with speed changes 25% 

rpm with 3Nm 
 
4. CONCLUSION 
 
     The proposed controller in this paper used the 

information provided by the torque and stator flux 
errors to modify the standard DTC voltage vector 
selection process. The voltage vector selected in 
the new HPSO scheme is the one producing the 
lowest possible start-up stator current and a 
reduced torque ripple hence improving the 
standard DTC scheme performance. Comparing 
with the DSP serial calculations of the DTC 
system for matrix converter induction motor, the 
control precision of DTC can be significantly 
improved by using the HPSO algorithm. Another 
hand, the HPSO induction motor model allows the 
estimation of important parameters of motor such 
as speed, stator flux, rotor flux and torque without 
using the sensors. The results obtained show a 
good torque response for 0.9 power factor 
operation. 
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