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ABSTRACT: This paper addresses the performance of a Direct Torque Control (DTC ) based permanent magnet 
synchronous motor (PMSM) drive based on Input Output Feedback Linearization method. DTC techniques have 
features that can make a drive system perform with better response and give robustness to control.Although it has many 
advantages, there will be notable pulsations in current, torque & flux during steady state operation, which will badly 
affects the drive performance.An improved DTC , based on  space vector pulse width modulation(SVPWM) combined 
with input-output feedback linearization(IOFL) technique is proposed in this paper.Adaptation of speed and torque 
controller with IOFL technique will improves the drive performance by reduction of  torque ripple,  robustness against 
parameter variations. Simulation results are presented to validate the proposed technique. 
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I. INTRODUCTION 
 

Permanent Magnet Synchronous Motors (PMSM) are attracting growing attention for a wide variety of industrial 
applications, from simple applications like pumps, fans to high performance drives. This is due to their main 
characteristics like high power density, high torque to inertia ratio and high efficiency. Nowadays, DTC [1] is 
considered as the most important technique applied to AC motors for achieving high dynamic performance.The main 
disadvantages of DTC are- difficult to control flux and torque at low speed, current and torque distortion during the 
sector change, variable switching frequency, need of  high sampling frequency in case of  digital implementation of 
hysteresis controllers, high torque ripple. For overcoming these problems, although several methods are proposed in the 
literature, the most popular method is DTC-SVM method. This paper deals with a robust DTC-SVM method for flux & 
torque control of a PMSM drive based on Input Output Feedback Linearization technique. 
 

II. PMSM MODELLING 
 

 According to the theory of AC motors, the mathematical model of the PMSM is developedaccording to the generalized 
theory of machines as follows: 
 
Stator Voltage equations  
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Stator Flux Linkages 
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d& q axis currents 

 

where Rs is the stator resistance, r is the electrical rotor speed, Vd&Vq are d and q axis voltages respectively. Similarly 

id&iqare d and q axis currents andLq&Ld are q and d axis inductances respectively. f is the flux linkage between 

magnetic field of the permanent magnet and the stator windings. 
 
The equation for electromagnetic torque for a PMSM is given by; 
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The vector transformation equations for the Park’s Transformation, which is utilized in this work, are given below. 
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III. DTC- SVM BASED CONTROL OF PMSM 
 

Principle behind direct torque control (DTC) is the direct selection of voltage vectors according to the error between 
reference & actual value of torque and flux linkage. These errors are controlled with a hysteresis comparator in 
classical DTC. According to the output of hysteresis comparator, a voltage vector is selected from a table.Although it 
has many advantages like low complexity, no need of rotor position sensor etc.,there should be the disadvantage of 
relatively high ripple level in torque, flux linkage and stator current and also it has a variable switching 
frequency.Many methods have been proposed in the literature for overcoming these disadvantages [2-4]. The most 
popular method used to reduce the torque ripple is to incorporate space vector modulation(SVM)with DTC [5]. In 
DTC-SVM method, hysteresis comparators are replaced by an estimator .This estimator will calculates the appropriate 
voltage vectors which will compensates the torque & flux error. 
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By providing the reference values for torque & flux according to the operating conditions, a DTC system can achieve 
high performance and optimal control. Here a reference calculator is provided for calculating the reference value for 
flux & torque[6]. These values are compared with the actual values of torque & flux. The error is controlled with a 
Torque & Flux controller. Flux reference is calculated with the use of Maximum Torque Per Ampere (MTPA) principle 
[7].The merit of using MTPA is the minimization of electrical losses and hence maximum drive efficiency.  
 

IV. INPUT OUTPUT FEEDBACK LINEARIZATION BASED CONTROL 
 

Feedback Linearization algebraically transforms a nonlinear system dynamics into a linear one, so that linear control                    
techniques can be applied. 2 types of feedback linearization are – Input Output & Input State feedback linearization. 
Out of which Input- Output feedback linearization method is applied here [8]. The block diagram of DTC-SVM with 
IOFL technique is given below. 
 

 
 

Fig. 1 Block diagram-DTC-IOFL 
 
For the proposed controller, state coordinate transformation is required. The state coordinate transformed model of 
PMSM can be rewritten as, (From Equations 3,4,5,6) 
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In DTC,we directly controls the Torque & Flux. So in this paper, torque and squared modulus of the stator flux 
linkages are taken as the output of the system.ie, 

 
 

 
 
 

 
Then we will apply Input Output feedback linearization method .For linearizing the nonlinear model  of Eqn(8), 
differentiate the variables to be controlled ( Torque & Flux )with respect to time until the input appears so that we will 
get a linear relationship between input & output. This can be easily done with the help of  Lie Derivatives. 

 
 

 
 

 
 

Where, 
 

 
; 
 

 
 
 

 
 
 
, 

 

 
 
 
 
 

Non-Linear Control law 
 
The relation between the input and derivative of output can be written as; 
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Where, 
 
 
 
 

 
 
 
 
 
 

From the above Eqn:, we can calculate the reference value of voltage vectors as follows,  
 

 
 
 
 

 
Here V1,V2are the  inputs ie, Torque & Flux.For getting a better tracking towards their reference values and for 
ensuring a perfect regulation, V1,V2are selected as follows, 

 
 
 
 
 

 

 
 K1 and K2 are constant  parameters  designed to make the decoupled system stable. 
 

V. SIMULATION RESULTS 
 

The effectiveness of the proposed method of Torque & Flux control of PMSM is verified by simulation studies, which 
are done with the help of MATLAB/SIMULINK environment. 
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Fig. 2 Simulation Diagram. 
 

A. Speed Response 
For the same reference speed of 500 rpm, the performance of the proposed method & DTC-SVM method is compared. 
From the resulting waveforms, we can observe that the proposed technique has low speed ripple & better tracking. 

      
Fig. 3 Speed Response of Proposed Method                                     Fig. 4 Speed Response of DTC-SVM Method 

 
B. Torque Response 
 
 The motor torque of the proposed method is compared with that of DTC-SVM method. Results clearly 
projects that the Proposed method has a very low torque ripple compared to that of  DTC-SVM method.By using the 
proposed method, we can reduce the amount of torque ripple. Load Torque is taken as zero.    
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Fig. 5 Torque Response of Proposed Method    Fig. 6 Torque Response of DTC-SVM Method 
 
C. Reference Voltage Vector Generation 
 
Using Input Output Feedback Linearization, Reference voltage vectors are calculated in the proposed method.The 
Reference voltage vectors are more similar to sinusoidal waveform in this method. Hence switching pulses generated 
by SVPWM are more accurate which in turns leads to the more better driving of the inverter. 
 
  

 
 

Fig. 7 Generated Reference Voltage Vectors- In Proposed Method& DTC - SVM Method. 
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D. Flux Profile 
 
Flux profile of any rotating machine is an indication of speed & torque responses. Since the proposed method gives 
better flux profile which will makes speed & torque responses much better. 
 

 
 

Fig. 8 Flux Profile In Proposed Method& In DTC-SVM Method 
 

E. Variation in the Stator Resistance 
 
This section investigates the influence of stator resistance variation in the controller performance. For this,Stator 
resistance is increased to its 50% .Results prove that stator resistance variation is not affects the proposed controller 
performance. Hence the proposed IOFL  method  is more robust against stator resistance variation than DTC – SVM 
method. 
 

 
 

Fig. 9 Speed Response - Stator Resistance Variation in Proposed & DTC-SVM Method 
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F. Load Torque Variation 
 
The figure given below shows the speed response of DTC –SVM & that of DTC-IOFL under sudden change in Load 
torque.  
IOFL based DTC reacts faster than SVM based DTC when load torque is suddenly applied and removed. 

 
  

Fig. 10 Speed Response In Load Torque Variation in Proposed & DTC-SVM Method 

VI. CONCLUSION 
 

In this paper, a robust direct torque control methodfor PMSM drive is proposed. The method incorporates space vector 
PWM with a torque & flux controller which is realized by input output feedback linearization method. Compared with 
the ordinary PMSM drives, the proposed technique can be said to have superior characteristics. The overall drive 
system performance is found to be robust against parameter variations such as stator resistance variation, sudden 
change in load torque etc. Simulation studies were used to demonstrate the characteristics of the proposed method. It is 
clear that the proposed 
controller based on IOFL technique has better tracking performance, reduction in torque ripple and robustness against 
parameter variations as compared with the DTC-SVM method. 
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