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1. INTRODUCTION

The induction motors are mainly used for adjustable speed applications and consume approximately
60 % of the total energy of the plant [1]. Before the invention of semiconductor devices like silicon controlled
rectifier, direct current (DC) motors were used in the industry. Although, DC motors were capable to deal with
high torque applications, but they need high cost for maintenance. Thus, DC motors were largely replaced with
alternating current (AC) motors and now a days, AC motors are being used in off-shore pumping stations,
cranes, blowers, textile industry and refineries. The usage of induction motors on large scale is due to the fact
that their maintenance is easy and have high efficiency. The commercial usage of adjustable speed drives was
started in 1960 and steady state speed control under low dynamics based on voltage frequency ratio (v/f) of the
induction motor was major focus of the research. Later on, slip frequency control method become famous for
improved dynamics of the motor. With the time, researchers developed more efficient methods like field
oriented control of speed of induction motor[2].

The techniques used to control speed and torque of the induction motor are classified as scalar and
vector control techniques [3-8]. The scalar control technique has several advantages like, parameter
independent modelling, stability in control of medium to high speed operation, easy design, simple structure,
low steady-state error and low cost and hence, several research studies have utilized the scalar control method
via digital signal processors [3, 4, 5, 7, 9]. The vector control technique has high controlling performance for
induction motor speed and thus, is the most widely used control strategy [7, 10-13]. The vector control method
is mainly utilized for controlling the position of the flux, current vectors and voltage. The vector control
strategy has two main drawbacks 1) coupling between flux and electromagnetic torque 2) the sensitivity of the
controller to induction motor parameters. These problems are resolved through direct field oriented control
(DFOC) and indirect field oriented control (IFOC). DFOC and IFOC are utilized to achieve the decoupling of
the flux and torque [8].
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For the control of induction motor drives, many control techniques has been developed and used in
the past. Proportional integral derivative (PID) controller is one of the conventional technique. Due to its
simple design and low cost, PID controller was utilized by the researchers for regulating the speed, torque and
flux in induction motors. However, the intensive calculations are required to calculate the parameters of the
PID controller [8].

The fuzzy logic controller has capability to adapt according to the sudden event changes in the system
and can be used for linear and non-linear systems. Fuzzy controller utilized the fuzzy theory and the design of
the fuzzy controller is based on linguistic rules, which is the basis of human logic [14-19]. The fuzzy controller
design has three main phases: 1) fuzzification: to converts the inputs into fuzzy sets 2) inference engine: to
define the fuzzy rules which relate the outputs with the inputs and 3) defuzzification: combines the results of
the fuzzy rules, and infers the decision, which is then converted from fuzzy sets to a crisp value. Several
studies have used fuzzy controller to improve the control features for the scalar speed control of IMs [20-24].
Some of the researchers have used fuzzy controller to develop the vector control of the induction motor.

The sliding mode control (SMC) scheme have been the focus of researchers for many decades [25,
26]. The SMC use the discontinuous control action to drive the state trajectories of the controlled system in
specified sliding hydroplane in the state space. The purpose of state trajectories is to keep sliding on specific
sliding hydroplane until the origin of the state-space is reached [27]. The SMC scheme has the main advantage
in improving the stability and robustness of the system [28]. However, chattering phenomenon is the main
drawback of using the SMC [29]. To overcome this issue, few researchers have suggested the fuzzy sliding
mode controller (FSMC). Although, the FSMC has the capability to improve the stability and robustness and
can tackle the chattering effect but the key challenge in the use of FSMC is in designing the rules of the
FSMC systems.

Another technique commonly used in induction motor control is Pulse width modulation (PWM)
driving three-phase voltage source inverter [23, 30-33]. The voltage source inverter are used to regulate the
output voltage (AC) and frequency from a supply voltage (constant DC). The key features of the PWM
technique are that the output voltage has minimum harmonics, low distortion, high efficiency and low
switching losses.

Several techniques and algorithms such as swarm intelligence method and evolutionary algorithms
(EA) which are used for the optimization of the controller performance has been reported in the literature [34-
42]. The most popular swarm intelligence optimization algorithms are: 1) Particle Swarm Optimization (PSO),
2) Atrtificial Bee Colony (ABC), 3) Ant Colony Optimization (ACO) 4) Ant Colony Optimization. These all
algorithms are based on the nature inspired computational methodologies. For example, The PSO technique
has been developed based on the movements of bird grouping or fish flocking [36]. The ABC technique has
been developed using the food-searching behavior of insects and honeybees [34]. Meanwhile, the behavior of
ants for searching the optimal path between their camp and food source has been utilized in the development
of ACO algorithm [35]. The working principle behind the development of EAs is natural genetic evolution, the
Darwin theory and other evolutionary theories. The genetic algorithm (GA) [38], genetic programming,
differential evolution, evolutionary strategy and evolutionary programming, [39] are the most commonly used
EA algorithms.

The performance of the control systems has been greatly improved through the recently developed
optimization techniques. In [43-45], the control of the induction motor drives has been improved through
optimization techniques compromising of conventional controllers. Similarly, [17] has utilized differential
search algorithm to optimize the fuzzy logic controller for photovoltaic inverters. In [46] the fuzzy logic
controller was optimized using PSO technique to achieve maximum power point tracking in grid connected
photovoltaic inverters. The genetic algorithm (GA) was utilized by [22, 47] for the selection of proportional-
derivative-integral (PID) controller coefficients to control the speed of an induction motor. Similarly, a hybrid
algorithm of PSO and GA was used to improve the performance of the optimal torque control of induction
motor [48]. Kalman filter covariance technique, multi-objective fuzzy decision making [49, 50] and finite-
control set model predictive control algorithms has been reported in [49-51] to achieve high performance of
the induction motor derives control using an advanced predictive torque controller. The performance of the
fuzzy logic speed controller in induction motor derives has been improved using backtracking search
algorithm optimization technique [19]. Although, the optimization techniques discussed above have capability
to improve performance of the control methods, however, these techniques have limitations on optima
trapping, local minima, global minimum, trial-and-error procedure and long computational time to attain best
optimization performances.

In this paper, various control schemes to enhance the performance and reliability of the variable
frequency drives. The operational advantages and limitations of each method are highlighted for various
applications of the induction motor drives. Various optimization algorithms have been suggested to overcome
the limitations of the control schemes for the development of advance control system.
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Rest of the paper has been structures as follows: Section Il presents review of sensor based control
techniques. Section 11l provides review of sensor-less control schemes. Various optimization algorithms to
improve the performance of the control techniques have been presented in Section IV. Section V gives the
critical analysis of the literature review and finally, Section VI presents the conclusion of this paper.

2. SENSOR BASED CONTROL TECHNIQUES

The induction motor control mainly consist of the induction motor, load, motor drive (inverter) and
control system. The interfacing of these parts and the block diagram of the complete system are shown in
Figure 1 and Figure 2 respectively. Variable frequency drive control techniques for speed, torque, flux,
voltage and current control are mainly classified as scalar control technique and vector control technique. The
classification of VFD control schemes has been shown in Figure 3.
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Figure 3. Classification of VFD Control Schemes

2.1. Scalar Control Technique

Scalar control technique utilizes the magnitude and frequency of the applied voltage to control the
speed of the induction motor. In this method, a voltage source inverter is used to maintain the magnetizing
current at constant value by changing the magnitude of applied voltage proportional to the applied frequency.
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This method is also known as constant volts per hertz (or constant V/f) method and its description has been
shown in Figure 4. The actual speed has been measured through encoder (speed sensor) and has been utilized
as a feedback. The difference of measured speed with the reference speed has been given as an error signal to
the proportional-integral controller to generate the fundamental frequency reference. The amplitude of the
fundamental stator voltage reference has been obtained through the fundamental stator frequency reference.
Notably, if open loop control system configuration has been adopted then the speed regulation will be poor and
heavily depends on the motor load. On the other hand, the close loop control system can achieve good speed
response but still the system not suitable for precise torque control [52].
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Figure 4. The Block Diagram of the Scalar Control Method

2.2. Vector Control Technique

Due to its high performance, the vector control technique is widely used in many induction motor
control applications. The magnitude and phase of supply voltages or currents is utilized by the vector control
technique to control induction motors. Due to involvement of the phase information, the vector control
technique is capable of controlling the position of the flux, voltage, and current vectors of the induction motor.
The Clarke and Park transformations are the mathematical tools utilized by the vector control technique for
generating torque and flux, respectively. The main drawback of these transformations is the coupling between
electromagnetic torque and flux. To address this issue, field oriented control (FOC) has been introduced by
various researchers [4, 7, 11, 53 ].

2.3. Field Oriented Control (FOC)

FOC was proposed by the Hasse and Blaschke [54]. Many researchers have worked on the
improvement of the FOC and now it has become an industrial standard control strategy. FOC control scheme
is based on dynamic model of the induction motor where the fluxes, voltages and currents are represented in
space vector forms. The space vector representation of the motor parameters is valid under both steady state
and transient conditions and an excellent transient response can be achieved due to this feature of FOC. In the
rotor flux FOC scheme, all quantities rotating at synchronous speed will appear as DC quantities. In rotating
flux reference frame, if the flux is aligned to the “d” axis, then the “d” and “q” components of the stator
current represent the flux and torque component respectively. Thus, in FOC control scheme, the control of
induction motor looks similar to a DC motor control scheme where the torque and flux components are
decoupled [55-66]. The FOC control scheme has further two types: 1) Direct field oriented control (DFOC), in
which the flux position is obtained through the information of the terminal variables and rotor speed. 2) In
indirect field oriented control (IFOC), in which the summation of the slip position and rotor position give the
information of flux position. The block diagram of the DFOC and IFOC are shown in Figure 5 and Figure 6
respectively. The accuracy of the rotor position measurement is a key factor in rotor flux FOC scheme.
Inaccurate measurement of the rotor position will result in deterioration of the torque dynamics. Alternatively,
another type of FOC has been developed which is based on the stator flux orientation and thus known as stator
flux FOC [67].
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Figure 5. The Block Diagram of the DFOC Control Scheme
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Figure 6. The Block Diagram of the IFOC Control Scheme Figure 7. The Block Diagram of the DTC
Control Scheme

2.3.1. Direct Torque Control (DTC)

Although FOC was capable to approve the response of the motor but FOC has several drawbacks in
its implementation as it needs computationally complex algorithm to transform reference frame. Another
shortcoming of the FOC is its dependency on the motor parameters and mechanical speed. To tackle the
challenges faced by FOC, researchers have introduced, new techniques which are known as direct torque
control (DTC), [68]. Recently, direct self-control (DSC), and classical DTC [68-72] have been proposed for
the improvement of conventional DTC. The DTC control scheme has several advantages like high reliability,
simplicity, insensitivity to the motor parameters and fast dynamic response. In DTC control scheme, the errors
of the torque and stator flux status are measured and then sent to the hysteresis comparator for digitization.
The location of the voltage vector has been identified through the status of the inverter switches. The status of
the inverter switches is calculated using a pre-determined switching table. The main drawbacks of using DTC
controller are large torque and flux ripples and the non-constant switching frequency of the inverter [72]. The
block diagram of the basic DTC control scheme has been shown in Figure 7. The comparison of the scalar and
vector control schemes has been summarized in Table 1.
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Table 1. The Comparison of Scalar Control and Vector Control Schemes

Scalar Control Vector Control

1. Control could be performed with only one sensor (speed 1. Control schemes use number of sensors to measure
sensor). speed, flux, torque, current, voltage etc.

2. Control scheme has simple structure. 2. Control scheme has complex structure.

3. Low current ripples 3. High current ripples (as in DTC)

4. Low cost 4. High cost

5. Control schemes is not dependent on motor parameters. 5. Control scheme is dependent on motor parameters.

6.  Control scheme does not require transformation of 6.  Control scheme requires transformation of coordinate
coordinate. (Park Transform)

3. SENSOR-LESS CONTROL SCHEME

In critical applications of induction motor like compressors, blowers, fans, machine tool, nuclear
power plants, off-shore pumping stations and electric vehicles; sensor-less controlled technique could
achieve excellent performance in terms of efficiency and energy savings. Sensor-less induction motor drives
operate without speed sensor and thus are helpful in cost saving and to achieve high reliability [73]. The
terminal quantities such as voltage and current are used to estimate the speed. This section of the paper
briefly describe the sensor-less control methods for induction motor drive for the purpose of energy saving
and sustainable reliability. As described in Figure 1, sensor-less control techniques could be divided into two
categories 1) Model based scheme 2) Signal injection scheme. Details of both schemes has been given below.

3.1. Model Based Scheme

The mathematical model of the induction motor in general reference frame could be described by
Equation (1) to (4). This mathematical representation of the induction motor could be used in sensor-less
control schemes to estimate the speed of the induction motor provided that all parameters of the motor are
known [73-75].

V. = Ry, + "’d—‘”t + jw, ¥, ()
0= R + ddit +j(w, — w,)¥, 3]
W, = L+ LI, 3
W = Lb, + Lyl (4)

In open loop speed estimation, Equation (1) is integrated to get the stator flux and from stator flux
information one can calculate rotor flux [73]. The limitations of the open loop speed estimation are its
sensitivity to the stator and rotor resistance and inductance. Variation in these parameters from nominal
values will degrade the performance of the open loop speed estimator [73, 74]. To overcome this issue,
closed-loop speed estimator or closed-loop observer could be used. Example of such type of estimators are; i)
Model Reference Adaptive System (MRAS): The block diagram of the MRAS is sown in Figure 8 [73]. If the
error signal is minimized then the estimated speed will equal to the actual speed. It was reported in [76-81]
that MRAS could give better performance with the minimum speed range of 30-100 rpm. However, due to
environmental noise and non-linearity of the power converters, MRAS could not give satisfactory results for
speed less than 30 rpm. ii) Full or Reduced Order Observer: It has the capability to estimate robust speed at
low speed operations of the motor [82-86]. iii) Extended Kalman Filter: It is a stochastic approach for speed
estimation of the induction motor. The stochastic method solves the estimation problems through use of
measurement errors, modeling errors, random disturbances, and computational inaccuracies of the system.
This method can estimate the non-measured parts of a system through a minimum covariance error that leads
to optimal estimated states [87-92]. iv) Sliding Mode Observer (SMO): The key features of the sliding mode
observer are its easy implementation, less restrictive design, simplicity, small computations and robustness to
parameter variations [93]. These features make SMO an effective estimator. However, SMO performance is
affected by chattering phenomenon [94-99]. The block diagram of the SMO is shown in Figure 9.
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3.2. Signal Injection Scheme (SIS)

A relatively new approach based on signal injection has gained attention of researchers in recent
decade because the model based speed estimation technique has issues of performance degradation due to
parameter variations and rotor speed estimation problem at zero stator frequency. SI method is based on the
injection of low level signals in the induction motor [100]. The anisotropy of the machines will generate the
current and voltage through which the speed information could be extracted. The magnitude and frequency of
the injected signal should be selected carefully [101]. Smaller the magnitude of the injected signal, smaller
will be the signal to noise ratio, while the injected signal with larger magnitude will create torque ripples.
Similarly, if the frequency of the injected signal is small then it would be difficult to segregate it from the
fundamental frequency signal. Thus a trade-off should be made in selecting the frequency and magnitude of
the injected signal. The challenges in this method are to tackle poor signal to noise ratio, low spectral
separation and to achieve required frequency tracking. These challenges could be addressed through modern
signal processing techniques [102, 103]. The general block diagram of the SIS is shown in Figure 10.
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Figure 10. The Block Diagram of the Signal Injection Scheme for Speed Estimation
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4. OPTIMIZATION TECHNIQUES FOR THE MOTOR CONTROLLER

Optimization algorithms were developed to improve the performance of the controller. These
algorithms were developed mainly based on the principle of biology- and physics-based algorithms. The
biology-based algorithms are classified as genetic algorithm (GA), bee colony algorithm (BCA), harmony
search algorithm (HSA), particle swarm optimization (PSO), firefly algorithm (FA), bacteria foraging
optimization (BFO), lightning search algorithm (LSA), cuckoo search algorithm (CSA), colony optimization
algorithm (ACO), and backtracking search algorithm (BSA). The physics-based algorithms are classified as
chaotic optimization algorithm (COA), simulated annealing (SA) and gravitational search algorithm (GSA)
[8, 104]. This section of the paper, briefly describes some important and commonly used optimization
algorithms and then the use of optimization algorithms for motor control applications has been presented.

4.1. Description of Optimization Algorithms
4.1.1. Genetic Algorithm
Genetic algorithm is a stochastic global adaptive search optimization technique which works as a
population containing a number of chromosomes and an objective function is used for each chromosome to
find a solution to the problem [38, 104, 105]. The architecture of the GA is shown in Figure 11.
Some of the applications of the GA are:
1. GA s used to find the best parameter value of rational function [106].
2. GA is used in a control system on an electric distribution network, to improve the reliability and power
quality of distribution systems [107, 108].
3. In photo voltaic applications, it is used for maximum power point tracking (MPPT) to improve the
energy harvesting capability of a PV system [109].
Some of the limitations of the GA algorithm are:
It cannot guarantee the identification of global minimum.
2. It operates on trial and error procedure and needs much more time to fine tune all parameters [110]
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=
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Create Initial
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Figure 11. Genetic Algorithm Flowchart

4.1.2. Gravitational Search Algorithm
Gravitational search algorithm (GSA), was proposed by [169], and it depends on the law of gravity
and mass interactions. GSA was developed using the laws of motion and Newtonian gravity [111]. GSA has
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the fast convergence for solution. However, it could be easily trapped in local minima and it has weakness in

strategy to diversify the population of the algorithm [112, 113]. Some of the applications of the GSA for

optimization algorithms are listed below:

1. It was used by [114] to enhance the performance of the hydrothermal scheduling.

2. GSA was used by [112] to improve the control of the induction generator.

3. GSA was implemented by [115] to solve different optimal power flow problems.

4. It was reported in [116] that the GSA could be used to enhance the load frequency control of multi-area
power system.

5. In [117], solve the identification problem for turbine regulation under load and no-load conditions
using GSA.

4.1.3. Particle Swarm Optimization

PSO was developed by Eberhart and Kennedy (1995). It is an evolutionary computation technique
which work on principal of the social behavior of bird flocking. The PSO algorithm is designed to search the
space for particles in two different locations. The first location also known as local best, is the best point
where the swarm finds the current iteration. The second location also known as global best, is the best point
found through all previous iterations. The velocity and position of particles are the two factors used for the
development PSO algorithm. PSO has many advantages like its robustness, capability to solve complex
optimization problems, simple algorithm, easy to implement, fast convergence and its global exploration
capability [118, 119]. However, PSO could be easily trapped in local minima, and it improperly selects
control parameters, resulting in poor solution [120].

4.1.4. Lightening Search Algorithm

Lightening search algorithm was proposed by Shareef et al. [121] and it is a modern optimization
technique used to achieve desired goals. It works on the principal of a step leader propagation mechanism
called “lightning,” as shown in Figure 12.

Figure 12. Step Leaders from Lightening

Lightening search algorithm use the fast particles, which are called projectiles. LSA operational
mechanism consists of three steps: 1) Projectile and step leader propagation, each projectile is considered as
the initial population size. The projectile term in LSA is similar to the particle and agent term in PSO and
GSA techniques, respectively [121]. 2) Projectile properties, 3) Projectile modeling and movement.
Compared to other optimization methods, LSA has the fast convergence for solution. This is due to the fact
that LSA is inspired by natural phenomenon of lightning. However, it is time consuming as it requires
searching for the best new position of the step leader [121].

4.1.5. Backtracking Search Algorithm

Backtracking search algorithm optimization technique, is computational technique used for producing
a trial population with two new crossovers and mutation operators. BSA was invented by Civicioglu [122].
BSA has been proven to be one of the best and powerful optimization techniques because it has sturdy
exploration and exploitation capabilities. BSA algorithm consist of the following parts: 1) Initialization, 2)
Selection-1 3) Mutation 4) Crossover 5) Selection-11. Researchers have utilized BSA algorithm for various
applications. For example, the design of the operational amplifier circuits using BSA has been reported in
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[123]. In [124, 125], BSA was used to enhance the power flow of high-voltage DC power systems. Similarly,
BSA was used to solve economic dispatch problems and to investigate the best position for distributed
generators placement [126, 127]. Due to usage of dual computation algorithm, BSA has long
computational time [122].

4.2. Applications of Optimization Techniques in Motor Control

Many control applications utilize optimization algorithms for the improvement of the efficiency and
performance. Some of the previous research related to development of control methods using optimization
algorithms has been briefly described in this section. For example, the optimal speed tracking of an induction
motor was achieved through an optimized GA based Fuzzy Logic Controller and Proportional Integral
controller [128]. Similarly, for speed control in the indirect field oriented control, an optimized GA based
Proportional Integral controller was used to design the fuzzy gain scheduling [129]. The factor selection for
the input of membership functions was achieved through an optimized GA based Fuzzy Logic Controller
[130]. In a similar work, the best parameters for the Proportional Integral controller were calculated using
GA based Proportional Integral controller [131, 132]. GA was used in hybrid FLC—PI controller for the
prototype implementation using dSPACE, and to improve the performance of an induction motor [133]. In a
digital signal processing tool kit, GA was used to optimize the sliding surface slope and thickness of the
boundary layer [11]. In the development of the V/f control for induction motor, GA was used to improve
ANFIS speed controller for selecting best Pl values [22]. In selecting the optimal intelligent model
parameters for high-power permanent magnet synchronous motor, Particle Swarm Optimization technique
was used by [134]. In a similar work, Particle Swarm Optimization technique was used to optimize nine-rule
Fuzzy Logic Controller for maximum power point tracking in a grid-connected inverter [46]. In [135]
Particle Swarm Optimization technique was utilized to improve Fuzzy Logic Controller for finding the best
values of the input membership function for maximum power point tracking. In [136], the speed control of
induction motor was improved using an optimized PSO based FLC controller. In a related study, PSO was
used to optimize FLC controller for enhancing the speed control of a quasi-Z source DC/DC converter-fed
drive through identification of the best values for the scaling factor of the input and output [137, 138]. The
performance of the PID controller and hybrid FLC—PI controller was improved by using the Genetic
Algorithm and Particle Swarm Optimization technique [18]. The optimal torque control of the induction
motor using Pl controller was achieved by [48] using hybrid GA-PSO optimization techniques. The
performance of the PID controller for finding the best PID parameters for DC torque motor system was
improved using Backtracking Search Algorithm optimization technique [139, 140]. The summary of
optimization techniques used in improving the motor control performance has been given in Table 2.

Table 2. Summary of the Optimization Techniques for Improving the Controller Performance

Reference Control Technique Optimization Technique

11 SMC GA

22 Pl GA

18 PID GA, PSO

46 FLC PSO

48 PI Hybrid GA, PSO
128 Pl, FLC GA

129 Pl GA

130 FLC GA

131 ANN GA

133 Hybrid PI-FLC GA

135 FLC PSO

136 ANFIS PSO

137 FLC PSO

139 PID BSA

5. CRITICAL ANALYSIS
Although the performance of the induction motor control system could be improved through various
controller techniques. However, there are some challenges in implementing the control techniques.

1. For example, implementation of conventional controllers (PID, FLC) for induction motor control require
suitable parameters of induction motor which are difficult to obtain. Furthermore, the mathematical
models used in conventional controllers are highly sensitive to the parameter variation. A sudden change
in load, temperature or reference speed, will deteriorate the performance of the controller [8, 14, 19, 20,

A Concise Review of Control Techniques for Reliable and Efficient Control of... (Alwadie. A)



1134 O3 ISSN: 2088-8694

64 141]. These issues in conventional controllers could be addressed through use of
optimization techniques.

2. The increase of carbon in the atmosphere has has threaten the environment safety and researchers are
focusing on energy conservation methods to reduce the carbon contents in the atmosphere. In this
scenario, development of electric vehicles has gain much attention [142]. Induction motors are being
used in modern electric vehicles and it is important to develop a control scheme to enhance the
performance of the induction motor control. Although FOC has been the famous control strategy for
induction motor but it needs intensive computation, has low torque response and also produces torque
ripples. To overcome these issue of FOC for electric vehicle applications, direct torque control technique
for induction motor control could be alternate choice as it needs simple computation and has fast
dynamic response [143-147].

3. Although the scalar and vector control schemes has been shown to be effective control techniques for
improving the performance of the induction motor control, however, these control schemes use costly
speed sensor to measure the rotor speed. As the installation and maintenance of speed sensor requires
access to the motor and access to the motor is not possible in some critical application like nuclear power
plants, off-shore pumping stations, blowers, fans. Thus, the sensor-less control scheme could be an
alternative to enhance reliability, and to reduce cost for such type of applications.

In sensor-less control scheme, model based control method is best suitable for medium to high speed
applications while signal injection method is best suitable for low speed applications. Combination of both
will generate good performance for all variable speed drives.

6. CONCLUSION

Induction motors have variety of applications in energy conversion. Proper control scheme for
induction motor could enhance their efficiency, performance and eventually could save energy. This paper has
attempt to review various control techniques and has presented their advantages and limitations. It has been
shown that the limitations of the conventional control techniques could be overcome through optimization
techniques and it is preferable to use direct torque control technique for the control applications where fast
dynamic response is desired like in electric vehicles, turbines and railway tractions. It has been concluded that
sensor-less control scheme is a cost effective and highly reliable control method for applications where access
to the motor for speed sensor installation is not possible.
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