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Abstract-In this paper; various types of speed control methods of DTC techniques are described. This research paper 

explains performance improvement of induction motor by controlling speed .It consist of different speed controlling 

techniques of DTC for performance improvement of induction motor. Direct torque control (DTC) of induction machines 

is known to have a simple control structure with comparable performance to that of the field-oriented control technique. 

Major problems that are usually associated with DTC drives is high torque ripple. This paper reviews torque ripple of the 

induction motor is reduced by using different DTC techniques.   And in our proposed method we used dither signal in to 

the torque and flux control loop to minimise torque and flux ripple. A conventional DTC control of three phase induction 

motor is modified by injecting high frequency and small amplitude triangular waveform in to torque and flux error. This 

effectively increases the switching frequency of the inverter. It is observed that the torque ripple is reduced and performance 

get improved. 
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1. INTRODUCTION 
 

Induction motors are widely used in many residential, commercial and utility applications. The Direct Torque 

Control technique is most important and efficient technique to control the speed of Induction Motor. More than a decade 

ago, direct torque control (DTC) was introduced to give fast and good dynamic torque response. DTC can be considered as 

an alternative to the field-oriented control (FOC) technique [16]-[17]. The DTC scheme as initially proposed in [16] is very 

simple; in its basic configuration it consists of a pair of hysteresis comparators, torque and flux calculator, a lookup table, 

and a voltage-source inverter (VSI). Direct torque control (DTC) has emerged to become a possible alternative to the well-

known vector control strategies for induction motor control systems. It is designed to provide fast and robust reactions of 

the drive even under low frequency operation of the power electronics. But several modifications and improvements have 

been made to the original control structure in order to overcome two main problems normally associated with the 

conventional DTC drive; namely the high electromagnetic torque ripple and variable switching frequency. It is well 

established that these problems are mainly due to the hysteresis torque controller. In the beginning, several strategies have 

been introduced, Induction motor driven by 3-level inverter with low switching frequency. In hysteresis-based DTC, torque 

ripple can be reduced by reducing the width of the hysteresis band. This, however, can lead to an extremely high switching 

frequency. Next method is to Enhanced Inverter Switching for Fast Response Direct Torque Control which includes fast 

switching response of three phase inverter. 

 

A new DTC technique is used which minimizes torque ripple by keeping constant switching frequency. Consider 

the operation of DTC where the scheme is used to control the average torque to be equal to the lower hysteresis limit and 

the torque is allowed to decay naturally. A simple scheme has been presented for duty-cycle control in a DTC-based 

induction motor drive. A new controller based on the DTC principle is presented, and it is shown that the controller can be 

easily implemented in a three-level VSI drive system. A space-vector-controlled diode-clamped MLI (DCMLI; five levels) is 

used for DTC of an IM drive to reduce the torque and speed ripple contents. Hybrid DTC (HDTC) of medium voltage IM 

drive is another method of torque ripple reduction. 
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In this paper DTC strategy with dither signal injection is implemented in order to minimize the torque ripple. The triangular 

dither signal of high frequency having magnitude equal to torque and flux hysteresis band is injected into the torque and flux 

errors respectively. 

 

2. REVIEW ON TORQUE RIPPLE REDUCTION TECHNIQUE 
 

2.1 DTC for Three-Level Inverter 

In previous method, a new torque ripples reduction technique, especially for high power 3-level inverter-fed 

induction motor drives, is used and comprehensively studied. The torque ripple pattern of 3-level inverter systems is 

described and then a new DTC scheme for the 3-level inverters is used. The control strategy is a new DTC algorithm for 

high power 3-level inverters has presented to achieve a torque ripple reduction and a nearly constant switching frequency 

over wide speed regions. In this algorithm the optimal switching time is calculated in every switching cycle. The torque ripple 

pattern is used for maintaining the low switching frequency through the corresponding voltage vector table. The torque 

ripple characteristics in the low and high speed regions are not sharply removed [1]. 

 

2.1Minimum Torque Ripple Strategy 

Second method is a new DTC technique is used which minimizes torque ripple by keeping constant switching 

frequency. Output voltage vector is selected using the conventional DTC switching table, but the pulse duration is 

determined by the torque-ripple minimum condition. The instantaneous torque variation of the motor can be expressed as 

a function of the applied voltage vector. Then, the rms torque-ripple equation during one switching period can be obtained 

from the instantaneous torque variation equations. The optimal switching instant  is determined by taking a partial derivative 

of the rms torque ,In this technique of torque-ripple control algorithm, the optimal switching instant is calculated at each 

switching cycle to satisfy the ripple minimum condition based on the instantaneous torque slope equations. The differences 

between the proposed and the conventional DTC have been investigated through experiment. The experimental results 

verify that the proposed DTC improves the torque control characteristic without deteriorating the flux control capability 

[2]-[3]. 

 

2.3 Duty Cycle Control Scheme 

          In another method Consider operation of DTC where the scheme is used to control the average torque to be equal 

to the lower hysteresis limit and the torque is allowed to decay naturally. A simple scheme has been presented for duty-cycle 

control in a DTC-based induction motor drive. If the duty cycle is correct and the average torque increase matches the 

average torque decrease, then the mean torque matches the lower hysteresis limit. If the duty cycle is too long, then the 

average torque increase will be higher than the average torque decrease, and the mean torque will become higher than the 

hysteresis limit. If the duty cycle is too short, then the average torque increase will be too low, and the mean torque will 

become lower than the hysteresis limit. By varying the duty cycle to control the average output torque to be equal to the 

lower hysteresis limit, the conditions for reduced torque ripple will be met. The scheme can be implemented by adding a 

simple duty-cycle control system to the DTC architecture. The lower hysteresis limit is set to be equal to the torque reference 

Teref. The torque error drives an integrator which adjusts the duty cycle. The resulting DTC architecture is shown in Fig. 1. 

The scheme has been shown to reduce the torque ripple produced by this kind of drive, particularly at low speeds. The 

scheme has also been shown to effectively control the mean of the output torque and to limit the switching frequency 

variation [3] 

 
Fig. 1. DTC architecture with duty-cycle control. 
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2.4 New Controller 

A new controller based on the DTC principle is presented, and it is shown that the controller can be easily 

implemented in a three-level VSI drive system. The experimental results obtained for the new DTC scheme employing a 

three-level VSI illustrate a considerable reduction in torque ripple, flux ripple, harmonic distortion in the stator currents, and 

switching frequency when compared to existing classical DTC systems utilizing the two-level VSI, Still switching frequency 

is varied[6]. 

  

2.5 DTC with Constant Frequency Torque Controller 

Recently, the use of predictive control methods in hysteresis based DTC has gained a considerable amount of 

attention, particularly due to its ability to reduce the torque ripple and as well as the switching frequency[7]-[8]. Although, a 

reduced torque ripple is achieved, the switching frequency still varies, since it depends on the operating conditions as well 

as the possible applied voltage vectors. 

 

It get modifies as the use of constant frequency torque controllers (CFTC) in the direct torque control (DTC) of induction 

machines to reduce the output torque ripple with a constant switching frequency as proposed in [10]. However, it is possible 

to further increase the switching frequency in [10] which will result in a further reduction of the torque ripple, particularly 

when DTC is performed with a limited sampling frequency, i.e. a low speed processor [9].  

 

 
Fig. 2. Structure of basic DTC-hysteresis based induction machine 

 

2.6 Space-Vector Control Scheme 

In this article, a space-vector-controlled diode-clamped MLI (DCMLI; five levels) is proposed for DTC of an IM 

drive to reduce the torque and speed ripple contents. The Simulink results of the system are compared with the conventional 

inverter-controlled DTC of an IM drive.  

 
Figure 3. (a) Space-vector diagram for five-level inverter and (b) virtual two-level diagram from five levels 
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The approach of using a five-level inverter to reduce the ripple contents in the torque of a DTC drive of an IM is fruitful, 

as the ripple contents can be reduced significantly by using an MLI with a simple SVM technique. The torque ripple contents 

are reduced significantly with an unsymmetrical control scheme. The application of DTC of an IM using an MLI needs a 

more precise control scheme to be defined for implementation with a medium-power drive for better results. The low speed 

range response of the drive can also be verified using the modified control scheme. The DTC drive with an SVM-controlled 

MLI can prove to be a better combination for medium-power drive applications. But ripples can not be minimised compared 

to our proposed [11]. 

 

2.7HDTC Control 

       Hybrid DTC (HDTC) of medium voltage IM drive is another method of torque ripple reduction. The mathematical 

expressions prove that torque of IM is proportional to the quadrature axis component of motor input current (iq)[12]-[13] . 

Hence, it is proposed to control the torque by iq instead of conventional torque-error hysteresis control which selects 

switching vector. This is similar to vector control and the rest of the control is by DTC. Hence the name HDTC is given to 

the scheme. It is observed that as the torque is controlled by current instead of voltage vector, this significantly reduced the 

ripples in torque. Also, carrier-based space-vector-modulation (CBSVM) is used for five-level DCMLI to indulge its 

advantages [14]-[15] with great simplicity in implementation, better dynamic response, and less THD contents. This method 

is only applicable for medium input voltage only [12]. 

 

3.  DIRECT TORQUE CONTROL OF THREE-PHASE INDUCTION 

MOTOR 
 

      In Direct torque control of three-phase induction motor, the motor is fed by three-phase voltage source inverter. There 

are 23 = 8 switching combinations available in two-level three-phase inverter. These consist of 6 non-zero (active) voltage 

vectors and two zero voltage vectors having the switching state of either all of the upper switches “on” or all of bottom 

switches “on”. These voltage vectors are composed of three different sets of vectors having different amplitude. These 

voltage vectors divide the space plane into six sectors. The more number of vectors increase the choices of optimum voltage 

vector selection. The different amplitudes of the space voltage vectors increase the flexibility in minimizing the ripple of the 

stator flux and torque. If the switching controller is fast enough to allow the vector on for a sufficiently short period, then 

it may be plausible to select the reverse voltage vectors. Vector U5 in particular, can cause a very rapid torque decrease, and 

most selections of this vector result in an appreciable torque undershoot, especially at higher operation speeds. 

 

The stator flux λs can be written as 

λs=(Vs–isrs)dt.                                                          (1) 

dλs=VsTs                                                                    (2) 

 

Since the stator resistance rs is very small, the voltage drop isrs can be neglected. Thus the stator flux directly depends on the 

space voltage vector Vs and the sampling period Ts. The electromagnetic torque can be written as  

 

Te =
2

5
P 

rs

m

LL

L


Im[λs . λr*]                                     (3) 

where P is the number of pole pairs and ‘*’ denotes the complex conjugate. Where, Lm is the mutual inductance, Ls is the 

stator inductance, Lr is the rotor inductance, leakage coefficient (σ) =1- 
LrL

L

s

m
2

, 
λs is stator flux complex vector representing  

d and q axis with λs=λds+jλqs.,  λr is rotor flux complex vector representing d and q axis with λr = λdr+jλqr., Vs is stator voltage 

complex vector representing d and q axis with Vs = Vds+jVqs. 
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4. PROPOSED TORQUE RIPPLE REDUCTION STRATEGY 
 

The classic DTC technique mainly depends on the estimation of torque and the flux.  After estimating, these samples 

should be feedback to the respective hysteresis comparators without any delay. If the delay occurs, both the errors, i.e. torque 

and the flux error will not be restrained into their respective hysteresis bands and hence the switching frequency of the 

inverter is decreased. If delay occurs, even a very small hysteresis band cannot increase the switching frequency. This delay 

effectively increases the torque and the flux ripple. It is possible to use high-speed components such as Hall-effect CT’s, 

isolation amplifiers, opamps, multipliers, etc to design the feedback circuits.  But, it is still difficult to get rid of the problem 

because even a minute delay of microsecond detrimentally affects the switching operations in the comparators. It is much 

cleared that by decreasing the hysteresis band of torque and flux comparators, the switching frequency of the inverter can 

be increased and hence the torque and the flux ripple can be reduced. But even decreasing in hysteresis band for both the 

comparators does not increase the switching frequency of the inverter and hence does not reduce the flux and the torque 

ripple if the delay exists in obtaining the feedback signal. The relation between the hysteresis band of both the torque and 

the flux comparators and the switching frequency of the inverter is presented for DTC of three-phase induction motor.  

     

  The percentage of the hysteresis band for both the comparators is compared with their rated values. For example 1% of 

the torque comparator hysteresis band reflects the magnitude of the band which is 0.13, if the rated torque of the three-

phase induction machine is 13 Nm. These relations are obtained by considering the delay of 10µs and 20 µs. It is cleared 

from these figs that the maximum switching frequency of 20 kHz can be obtained with no delay with both the hysteresis 

band reduced to sufficiently low levels. In case of 10 µs delay, the maximum switching frequency of 16 kHz can be obtained 

whereas in case of 20 µs delay, the maximum switching frequency of 9 kHz can be obtained. In order to get the maximum 

possible switching frequency there should not be any delay in obtaining the feedback signal but practically it is not possible 

because the isolation amplifiers, Hall-effect transducer, and other related components easily bring these levels of the delay 

to the system in estimating the stator flux and the torque which makes the situation worse. Even by using broad frequency 

bands components, the delay cannot be avoided. These delay effect can be compensated by introducing the triangular dither 

signal of very high frequency may be double or triple (according to DSP limitation) the sampling frequency of the control 

scheme. This dither signal after adding to torque and flux error, increases the average switching frequency of the inverter 

and hence effectively reduces the torque and the flux ripple.  

 

     In order to find out the first instant of switching after adding dither signal, the slope time instant relation is used. The 

slope time instant relation can be written as, when the dither of doubled the frequency of sampling frequency of the control 

scheme is added to the torque error. 

2/

1

T
Ts+

4/

1

T
Ts=1                                               (4) 

where 
2/

1

T
is the slope of Terr. and 

4/

1

T
 is the slope of dither signal. Assume the magnitude of the hysteresis band is 1 

and instant of adding the dither is exactly same as instant at which the torque error becomes zero.  For matching the 

instances, first without dither DTC is tested and find the first instant where the error becomes zero, then during dither signal 

DTC testing, add the dither signal exactly at the same instant where the error becomes zero. This is done in both the flux 

and torque error reduction.  These assumptions are considered to make the explanation simple. The first instant of switching 

after adding the dither signal is represented by Ts. The sum of the product of the slope and time instant is 1 because the 

reduction of the torque ripple is always being compared with its 100% value. 

From (4) 

6Ts = T 

 

Ts = T/6 
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Therefore the first instant of applying the active voltage vector after adding the dither signal is T/6. Now in order to obtain 

the percentage reduction in torque ripple, the slope relation can be written as 

2/

1

T
 =  

6/T

x

 
where x is the ripple compared to its 100% value.  

x=0.3333 

x=33.33%. 

    

 Therefore when the frequency of the dither signal is doubled the frequency of sampling frequency of the control scheme, 

the torque ripple is reduced to 33.33%. Likewise when the frequency of the dither signal is tripled, the torque ripple can be 

reduced to 25%. By considering the delay in obtaining the feedback signal, the sampling frequency of 20 kHz gives the 

average switching frequency of 2.2 kHz. Therefore by adding dither signal of 40 kHz, the average switching frequency of 

the inverter can be increased to 4 kHz and the torque ripple can be reduced to 33.33%.  

    

 Figs. 1 illustrate the switching operation of the flux hysteresis comparator without and with dither signal injection 

respectively. In torque comparator, the voltage vector changes when the error is equal to zero and when it strikes the +ve 

hysteresis band. Because –ve hysteresis band comes to action when the zero voltage vector unable to enough reduce the 

actual torque within the prescribed sampling period. In case of flux hysteresis band, the voltage vector changes when the 

error strikes +ve hysteresis band and –ve hysteresis band. The flux ripple also reduces due to dither injection like in case of 

torque ripple reduction.                            

 
                                (a) 

 
                               (b) 

 
                                          (c)   
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                                              (d) 

Fig. 1 switching operation in hysteresis controller: Torque controller (a) classic DTC, (b) dither DTC for torque comparator 

and flux controller (c) classic DTC, (d) dither DTC for flux comparator. 

 

Voltage Vector Selection 

The large vectors produce a higher rate of change of electromagnetic torque compared to medium and small vectors. 

The combination of large and medium voltage vectors through three-level torque comparator can reduce the torque ripple, 

but the dc-bus utilization will be affected. So in order to reduce the torque ripple meanwhile maintaining the maximum 

possible dc-bus utilization, only the large voltage vectors along with two-zero voltage vectors are used to design the DTC 

strategy for three-phase induction motor. Therefore the three-level torque comparator and two-level flux comparator are 

used same as in case of three-phase induction motor. The working of flux and torque comparators depending on the torque 

and flux errors is as follows: 

λs<λs*                                         dλ = 1                                        (5) 

 

λs
*<λs                                                           dλ = 0                                        (6) 

 

T*–Te≥ Hysteresis band                 dT = 1                                         (7) 

 

-(Hysteresisband)<T*–Te<Hysteresisband dT=0                            (8) 

 

T*–Te≤ -(Hysteresis band)           dT = -1                                        (9) 

 

where dT and dλ are the digital logic which are used in look-up table to select the voltage vectors. look-up table is used for 

selecting the voltage vector which can be easily converted into ‘c’ code where in “if else” and “switch case” can be easily 

used to select the voltage vectors according to the required condition so that the motor is able to maintain the reference flux 

which is rated flux of the motor and the reference speed with the required torque. This look-up table identifies the selection 

of appropriate voltage vector according to the location of stator flux (γ) and the torque and the flux comparators logic (dT 

and dλ). For example when the stator flux lies in first sector, if torque is required to increase (dT=1) and if flux is required 

to decrease (dλ=0), the voltage vector V4 will be selected.  

 

5. CONCLUSION 
 

This paper reviewed the genesis and advancement of different speed control techniques of DTC and its performance 

analysis on induction motor. First the basic DTC techniques are attentively reviewed and made comparison with our 

proposed Dither injection technique of DTC. And finally it has been concluded that by applying modern intelligent method 

of DTC i.e. Dither injection improves induction motor performance, reduce ripple torque and stator flux. 
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