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Abstract— In DTC drive stator flux is controllable variable 

so accurate flux estimation in a high-performance induction 

motor drive, is important to ensure proper drive operation 

and stability. Most of the flux estimation techniques 

proposed are based on the voltage model. The voltage 

model, on the other hand, is normally used in a high speed 

range, since at low speed, some problems arise.  Practical 

implementation, even a small dc offset present in the back 

electromotive force (EMF) due to noise or measurement 

error inherently present in the current sensor, can cause the 

integrator to saturate. To overcome this, a low-pass (LP) 

filter is normally used in place of a pure integrator. The 

voltage only motor parameter used is the stator resistance, 

which can be measured quite accurately. These can be 

considered as an advantage of the voltage-mode and are also 

the reasons why the former is preferred over the latter in 

some industrial applications. However, the use of an LP 

filter in place of a pure integrator reduces the performance 

of the drive because of the phase and magnitude errors 

inherent in the LP filter as compared to the pure integrator, 

particularly at low speed. Attempts have been made to 

improve the estimated stator flux based on an LP filter as 

given by the proposed method used an adaptive control 

system which was based on the fact that the back EMF is 

orthogonal to the stator flux. The compensator is adapted for 

this condition. However, to implement the proposed system 

requires large processor resources and longer execution time 

for a slower processor. The implementation of adaptive 

Control will significantly increase the complexity of the 

control system; hence, it will outweigh the property of 

simple control structure inherent in DTC. 

Key words: Introduction, Literature Survey, Summary 

I. INTRODUCTION 

Over the past decades DC machines were used extensively 

for variable speed applications due to the decoupled control 

of torque and flux that can be achieved by armature and 

field current control respectively. DC drives are 

advantageous in many aspects as in delivering high starting 

torque, ease of control and nonlinear performance.  

The robustness, low cost, the better performance 

and the ease of maintenance make the asynchronous motor 

advantageous in many industrial applications or general 

applications. Squirrel cage induction motors (SCIM) are 

more widely used than all the rest of the electric motors as 

they have all the advantages of AC motors and are cheaper 

in cost as compared to Slip Ring Induction motors; require 

less maintenance and rugged construction. Because of the 

absence of slip rings, brushes maintenance duration and cost 

associated with the wear and tear of brushes are minimized. 

Due to these advantages, the induction motors have been the 

execution element of most of the electrical drive system for 

all related aspects: starting, braking, speed change and speed 

reversal etc. 

A. Control Techniques of Induction Motor: 

Various speed control techniques implemented are mainly 

classified in the following three categories:  

 Scalar Control (V/f Control) 

 Vector Control (Field-oriented Control) 

 Direct Torque Control (DTC) 

B. Scalar Control: 

In this type of control, the motor is fed with variable 

frequency signals generated by the PWM control from an 

inverter using the feature rich PIC micro microcontroller. 

Here, the V/f ratio is maintained constant in order to get 

constant torque over the entire operating range. Since only 

magnitudes of the input variables – frequency and voltage – 

are controlled, this is known as “scalar control”. Generally, 

the drives with such a control are without any feedback 

devices. Open-loop with slip compensation and voltage 

boost type scalar control drive shown in fig1. 

 
Fig. 1: Open-loop with slip compensation and voltage boost 

type scalar control drive 

1) Drawbacks: 

1) It gives somewhat inferior performance because of 

“coupling” problem of flux and torque. (In this 

problem voltage is controlled to control flux and 

frequency or slip to control Torque. However, flux 

and torque are also functions of frequency and 

torque respectively. This is known as “Coupling” 

problem. E.g. Slip/frequency is increased to 

increase torque, as a result flux decreases 
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momentarily. Now the flux variation is always 

sluggish. The flux decrease is then compensated by 

sluggish flux control loop by feeding in additional 

voltage. This temporary dipping of flux reduces the 

torque sensitivity with slip and lengthens the 

response time. ) 

C. Vector Control: 

This control is also known as the “field oriented control”, 

“flux oriented control”. The scalar control methods of 

voltage-fed and current-fed inverters discussed so far are 

simple to implement but have the disadvantage of sluggish 

control response because of the inherent coupling effect in 

the machine. This problem is overcome in vector or field 

oriented control as explained in this figure.  Basically, in 

vector control, an induction motor is controlled like a 

separately excited dc motor. In a dc motor, the field flux φ_f 

and armature flux φ_a established by the respective field 

current i_f and armature or torque component of current i_a 

are orthogonal in space so that when torque is controlled by 

i_a, the field flux is not affected, thus giving fast torque 

response. 

 
Fig. 2: separately excited dc motor 

Similarly, in induction motor vector control, the 

synchronous reference frame currents     and     are 

analogous to    and   , respectively, and      is oriented in the 

direction of rotor flux    (defined as    orientation) shown 

in fig 3. 

 

 
Fig. 3: vector-controlled induction motor drive 

Note that φ_r is used instead of  φ_m or φ_s  

because with φ_r  orientation true decoupling is obtained. 

However, if leakage inductances are neglected, φ_r  = φ_m  

= φ_s  Therefore, when torque is controlled by〖 i〗_qs, the 

rotor flux is not affected thus giving fast dc motor-like 

torque response. The drive dynamic model also becomes 

simple like that of a dc machine because of decoupling 

vector control. Vector control has brought a renaissance to 

the control of ac drives (both induction and synchronous 

machines) since its invention at the beginning of the 1970s. 

D. Direct Torque Control: 

DTC was first introduced by Takahashi in 1984 in Japan and 

by Dopenbrock in 1985 in Germany and today this control 

scheme is considered as the world’s most advanced AC 

Drives control technology. This is a simple control 

technique which does not require coordinate transformation, 

PI regulators, and Pulse width modulator and position 

encoders. This technique results in direct and independent 

control of motor torque and flux by selecting optimum 

inverter switching modes. The electromagnetic torque and 

stator flux are calculated from the primary motor inputs e.g. 

stator voltages and currents. The optimum voltage vector 

selection for the inverter is made so as to restrict the torque 

and flux errors within the hysteresis bands. The 

conventional scheme of DTC is shown in fig 4. 

 
Fig. 4: Conventional direct torque control scheme 

II. LITERATURE SURVEY 

Time rolls on and shadow falls but the work carried out by 

the eminent personalities will always be the stepping-stone 

for the future revelations .Following are the research works 

have been investigated in the field of berthing of ships or 

vessels against jetty. A review of collision analysis by 

various researchers has been described in following orders. 

In paper [1] authors ISAO TAKAHASHI, MEMBER, IEEE, 

AND TOSHIHIKO NOGUCHI   describes a novel control 

scheme of an induction motor. The principle of it is based 

on limit cycle control, and it makes possible both quick 

torque response and high efficiency operation at the same 

time. Only one three-phase GTO inverters are employed.  In 

this system, the instantaneous values of the flux and torque 

are calculated from only the primary variables. They can be 

controlled directly and independently by selecting optimum 

inverter switching modes. The selection is made so as to 

restrict the errors of the flux and torque within the hysteresis 

bands and to obtain the fastest torque response and highest 

efficiency at every instant. It enables both quick torque 

response in the transient operation and reduction of the 

harmonic losses and acoustic noise. Moreover, the 

implementation of an efficiency controller for the 
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improvement of efficiency in the steady-state operation is 

also considered. 

In paper [2] authors ISAO TAKAHASHI, 

MEMBER, IEEE, AND TOSHIHIKO NOGUCHI describe 

a new direct torque control method for an induction motor is 

presented which is quite different from field-oriented 

control. Improving the torque response of a large-capacity 

induction motor using two sets of three-phase GTO inverters 

are employed and an open-delta induction motor is of 

special concern. Instantaneous voltage vectors applied by an 

inserter have redundancy characteristics which provide 

some flexibility for selecting the inserter switching modes. 

By using this switching can be compensated easily and 

automatically to minimize the effect of the variation of the 

freedom, control is achieved according to the following 

priorities; (1) high-speed torque controls (2) regulation of 

the primary flux, (3) decreasing the zero phase sequence 

current, (4) minimization of the inserter switching 

frequency. This paper proposes new control schemes based 

on the principle of Arago’s disk, which can be considered a 

basic law of torque generation in the induction motor. It 

makes possible both fast torque response and high-

efficiency control at the same time. 

In Paper [3] authors NALIN KANT MOHANTY, 

RANGANATH MUTHU AND M.SENTHIL KUMARAN 

describes general concept of Scalar controlled, vector 

controlled and direct torque controlled ac electrical drives. 

And also describes the direct torque control with space 

vector modulation based on neuro-fuzzy logic controller. 

The paper [4] authors GIUSEPPE BUJA, 

DOMENICO CASADEI AND GIOVANNI SERRA 

describes basic operation of induction motor space vector 

representation of 3 phase voltage equation of induction 

motor and dynamic model of induction motor related to a 

reference he fixed to the stator. The field oriented(FOC) 

control is also reviewed and three DTC based strategies  (1) 

switching table(ST) (2) direct self control(DSC) (3) space 

vectors modulation(SVM) are describes. The ST strategy is 

dealt with in depth, illustrating by means of experimental 

data the flux and torque responses generated with different 

choices of the switching table and the influence of the 

amplitude of the hysteresis bands of the flux and torque 

controllers on the drive performance. Furthermore, an 

improved stator flux estimator is presented which allows 

keeping the system under control even at standstill. Finally 

the sensitivity of the control system to parameter variations 

is presented.  

In paper [5] authors   K. D. HURST , T. G. 

HABETLER , G. GRIVA , F. PROFUMO describes The 

need for tacho-less speed and torque control of induction 

machines has become widely recognized because of the cost 

and fragility of a mechanical speed sensor, and because of 

the difficulty of installing the sensor in many applications. 

For these reasons, most industry experts agree that the next 

generation of commercial drives will include some sort of 

sensor less torque control. Typically, the dynamic control 

performance of a sensor less drive does not match that of a 

standard vector drive with a speed sensor. In many 

applications, however, high-bandwidth torque control is not 

as critical as maintaining at least low-bandwidth control 

over the widest possible speed range. In applications such as 

cranes, hoists, presses and traction drives, for instance, 

maintaining the desired torque down to zero speed locked 

rotor) is highly desirable. Achieving a modest level of 

control in the very low-speed range in fact greatly increases 

the Competitive value of the drive and expands its range of 

applications. These advantages can be realized at very little 

cost only if a mechanical sensor is not required. After 

reviewing many of the previously presented sensors less 

control methods, this paper will show that the simple 

Method of stator flux orientation can provide zero speed 

torque control equally as well as more complex approaches 

which rely on elaborate mathematical models to improve the 

operating Range. This paper experimentally demonstrates 

that by using only a slight amount of low-pass filtering in 

the integration of the stator voltage, a reasonable flux 

estimate can be obtained for stator flux field oriented torque 

control. With this simple method adequate torque control 

can be achieved even at zero. 

In paper [6] authors JIAN LI, HUANGANG 

WANG, WENLI XU, GENG YANG, YUEXUAN DOU 

describe Among all control methods for induction motor 

drives, Direct Torque Control (DTC) seems to be 

particularly interesting being independent of machine rotor 

parameters and requiring no speed or position sensors. In 

spite of its simplicity, DTC allows a good torque control in 

steady state and transient operating conditions to be 

obtained. This paper is aimed to analyze DTC principles, the 

strategies and the problems related to its implementation and 

the possible improvements using Space Vector Pulse Width 

Modulation (SVPWM). In SVPWM for each sampling 

period the switching instants of different space vectors are 

determined to reduce torque ripple. The time durations of 

two adjacent voltage space vectors and the corresponding 

zero voltage space vectors are determined in this method 

depending on maximum and average switching frequency, 

allowable for the switching devices in the three phase 

inverter. Simulation studies have been carried out for 

different operating conditions of the drive system .This 

paper has presented a novel direct torque control method to 

replace the conventional DTC control method. In this model 

the flux, torque, speed and angle are estimated by the 

adaptive motor model. It is possible to determine the 

switching instants of different space vectors for each 

sampling period in order to reduce the torque ripples with 

respect to basic DTC scheme. By analyzing the flux and 

torque waveforms, it has been shown that lower torque 

ripple , less current harmonic, constant switch frequency and 

lower motor oscillation noise.  

In paper [7] authors MYOUNG-HO SHIN, DONG-

SEOK HYUN, SOON-BONG CHO, SONG-YUL CHOE, 

describes induction motors have been used more in the 

industrial variable speed drive system with the development 

of the vector control technology. This method needs a speed 

sensor such as a shaft encoder for speed control. However, a 

speed sensor cannot be mounted in some cases, such as 

motor drives in a hostile environment, high-speed drives, 

etc., and also need careful cabling arrangements with 

attention to electrical noise. Moreover, it makes the price of 

the system expensive and the motor size bulky. Recently 

several speed sensors less vector control schemes have been 

proposed. The stator flux for speed sensor less vector 

control is estimated by the integration of the back emf. The 

integration of back emf by pure integrator has the drift and 
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the saturation problem by the initial condition and the dc 

offset. So, pure integrator is replaced by an analog low pass 

filter (LPF). However, it has a very low cutting frequency to 

operate in a wide speed range .So; there still remains the 

drift problem due to the very large time constant of the LPF. 

Many efforts have been made to solve the problem. This 

paper proposes a programmable LPF with the phase and the 

magnitude compensator to exactly estimate the stator flux in 

a wide speed range. The pole of the programmable LPF is 

located far from the origin in order to decrease the time 

constant as the speed increases. So, the stator flux is exactly 

estimated and the drift problem is much improved by the 

large time constant in a wide speed range. The proposed 

Programmable LPF is used in speed sensor less stator flux 

orientation induction motor drive. Simulation and 

experimental results confirm the effectiveness of the 

proposed programmable LPF. 

In paper [8] authors D. SEYOUM, C. 

GRANTHAM AND M. F. RABMAN - This paper deals 

with the problem associated with a pure integrator in the 

estimation of stator flux linkage in induction machines and 

proposes a solution. The stator flux is calculated by 

integrating the back electromotive force (emf), which is the 

terminal voltage minus the voltage drop in the stator 

resistance. This method is preferred because it requires how 

only one parameter of the induction machine, namely the 

stator resistance. The stator resistance can be easily obtained 

from measurement. If there is variation of stator resistance 

due to change in temperature it can be readily compensated. 

The back emf is calculated from the stator terminal phase 

voltage and from stator phase went. When a pure integrator 

is implemented in discrete form such as that used when 

controlling an induction machine from a DSP system, an 

error can arise. This error comprises a drift produced by the 

discrete integrator and also a drift produced by the offset 

error the back emf. The offset error in the back emf is due to 

the use of analog components in the sensor and amplifier 

circuit for the measurement of voltages and currents. A 

small DC offset in the measured signal, no matter how small 

it is, can drive the pure integrator into summation. The 

proposed method compensates the error produced by the 

inherent problem in the pure integrator and measurement 

error. This method can be easily applied in a DSP based 

induction machine control system to estimate the flux The 

execution time required to implement the proposed system 

Is small such that there will not he much software 

computation burden. 

In paper [9] authors XU ZHANG, WENLONG QU 

- This paper presents an improved stator flux estimation 

technique based on a voltage model with some form of low-

pass (LP) filtering. In voltage-model-based stator flux 

estimation, an LP filter is normally used instead of a pure 

integrator to avoid integration drift problem due to dc offset, 

noise, or measurement error present in the back 

electromotive force. In steady-state condition, the LP filter 

estimator will degrade the performance and efficiency of the 

direct torque control (DTC) drive system since it introduce   

magnitude and phase errors, thus resulting in an incorrect 

voltage vector selection. The stator flux steady-state error 

between the LP filter and a pure integrator estimator 

technique is derived and it effect on the steady-state DTC 

drive performance is analyzed. A simple method is proposed 

to compensate for this error which results in a significant 

improvement in the steady-state drive performance. 

Simulation based on this technique is given and it is verified 

by experimental results. 

In paper [10 ]  NIK RUMZI NIK IDRIS, 

MEMBER, IEEE, AND ABDUL HALIM MOHAMED 

YATIM, SENIOR MEMBER, IEEE describes  The stator 

flux for speed sensor less vector control is estimated by the 

integration of the back emf. The integration of back emf by 

pure integrator has the drift and the saturation problem by 

the initial condition and the dc offset. So, pure integrator is 

replaced by an analog low pass filter (LPF). However, it has 

a very low cutting frequency to operate in a wide speed 

range .So; there still remains the drift problem due to the 

very large time constant of the LPF. Many efforts have been 

made to solve the problem. This paper proposes a 

programmable LPF with the phase and the magnitude 

compensator to exactly estimate the stator flux in a wide 

speed range. The pole of the programmable LPF is located 

far from the origin in order to decrease the time constant as 

the speed increases. So, the stator flux is exactly estimated 

and the drift problem is much improved by the large time 

constant in a wide speed range. The proposed Programmable 

LPF is used in speed sensor less stator flux orientation 

induction motor drive. Simulation and experimental results 

confirm the effectiveness of the proposed programmable 

LPF.  

In paper [11] authors THOMAS G. HABETLER, 

SENIOR MEMBER, IEEE, FRANCESCO PROFUMO, 

SENIOR MEMBER, IEEE, GIOVANNI GRIVA, 

MEMBER, IEEE, MICHELE PASTORELLI, AND 

ALBERTO BETTINI describes A self-tuning control 

scheme for stator-flux field oriented induction machine 

drives in electric vehicles operating over a wide speed range 

is discussed in this paper. The stator flux can be determined 

accurately from the terminal voltage when the machine is 

operating at high speed. However, at low speed, the stator 

resistance must be known to calculate the stator flux. The 

problem of calculating the stator flux accurately over the 

entire speed range is addressed. The rotor flux can be found 

from the machine speed and rotor time constant. The stator 

flux, at low speed, is then calculated directly from the rotor 

flux. By alternating between these two methods of 

determining the stator flux, a self-tuning operation is 

achieved, wherein the stator and rotor resistances are 

periodically updated. Since both methods of determining the 

stator flux are forced to track one another, a smooth 

transition between flux estimators is obtained. The torque 

and flux are then controlled in a deadbeat fashion. Good 

torque control over a wide speed range can therefore be 

obtained. With the proposed scheme, the advantages of 

direct torque control are obtained over the entire speed range 

with the addition of a speed sensor. 

III. SUMMARY OF LITERATURE SURVEY 

In DTC drive stator flux is controllable variable so accurate 

flux estimation in a high-performance induction motor 

drive, is important to ensure proper drive operation and 

stability. Most of the flux estimation techniques proposed 

are based on the voltage model. But at low speed due to the 

some problem discuses above estimation of flux is not an 

accurate. so distortion flux is arise. So I will preset another 
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model which works at low speed area for accurate flux 

estimation. 
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