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ABSTRACT

This paper presents a novel design of a Takagi-Sugeno fuzzy logic control scheme for controlling some of
the parameters, such as speed, torque, flux, voltage, etc. of the induction motor. Induction motors are
characterized by highly non-linear, complex and time-varying dynamics and inaccessibility of some of the
states and outputs for measurements, and hence it can be considered as a challenging engineering problem.
The development of advanced control techniques has partially solved induction motor’s speed control
problems; because they are sensitive to drive parameter variations and the performance may deteriorate if
conventional controllers are used. Fuzzy logic based controllers are considered as potential candidates for
such an application. Further, the Takagi-Sugeno control strategy coupled with rule based approach in a
fuzzy system when employed to the induction motor yields excellent results compared to the other methods
as this becomes a hybrid & integrated method of approach. Such a mixed implementation leads to a more
effective control design with improved system performance, cost-effectiveness, efficiency, dynamism, &
reliability. The closed loop speed control of the induction motor using the above technique thus provides a
reasonable degree of accuracy which can be observed from the results depicted at the end. Simulink based
block model of induction motor drive is used for the simulation purposes & its performance is thereby
evaluated for the speed control. The simulation results presented in this paper show the effectiveness of the
method developed & have got a wide number of advantages in the industrial sector & can be converted into
a real time application using some interfacing cards.

Keywords: TS Model, Fuzzy Logic, Controller, Simulink, Matlab, Induction motor, Closed loop,
Parameter, Robustness.

1. INTRODUCTION induction motor control with slip regulation & they
) ) ) also compared their results with those of a PI
Recent years have witnessed rapidly growing  controller. They used a new linguistic rule table in

popularity of fuzzy control systems in engineering  FLC to adjust the motor control speed.
applications. The numerous successful applications

of fuzzy control have sparked a flurry of activities The design and implemeptation of indl'lstr'ial
in the analysis and design of fuzzy control systems ~control systems often relies on quantitative
[13]. Fuzzy logic based flexible multi-bus voltage mathematical models of the plants (say, induction
control of power systems was developed by Ashok ~ motors, generators, dc motors, etc), the controllers,
etal. in [35]. In the last few years, fuzzy logic has  €tc. At times, however, we encounter problems for
met a growing interest in many motor control which gontroller d§s1gn becomes very d.lfﬁ.cult and
applications due to its non-linearities handling e€xpensive to obtain. In such cases, it is often
features and independence of the plant modeling. — Decessary to observe human experts or experienced
The fuzzy controller (FLC) operates in a Operators of . the pl'fmts or processes and. discover
knowledge-based way, and its knowledge relies on rules governing their actions for agtoma‘uc control
a set of linguistic if-then rules, like a human [12]. In this context, the fuzzy logic concepts play
operator. Ramon et.al. [31] presented a rule-based @ Very important role in developing the controllers
fuzzy logic controller applied to a scalar closed loop for the plant as this controller does not require that

e
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much complicated hardware & uses only some set
of rules.

Recently, there has been observed an increasing
interest in combining artificial intelligent control
tools with classical control techniques [5]. The
principal motivations for such a hybrid
implementation is that with fuzzy logic, neural
networks & rough sets issues, such as uncertainty or
unknown variations in plant parameters and
structure can be dealt with more effectively, hence
improving the robustness of the control system.
Conventional controls have on their side well-
established theoretical backgrounds on stability and
allow different design objectives such as steady
state and transient characteristics of the closed loop
system to be specified. Several works were
contributed to the design of such hybrid control
schemes which was shown by various researchers
in [8]-[10].

There are a number of significant control
methods available for induction motors including
scalar control, vector or field-oriented control,
direct torque and flux control, sliding mode control,
and the adaptive control [11]. Scalar control is
aimed at controlling the induction machine to
operate at the steady state, by varying the amplitude
and frequency of the fundamental supply voltage
[18]. A method to use of an improved V/f control
for high voltage induction motors was proposed in
[19]. The scalar controlled drive, in contrast to
vector or field-oriented controlled one, is easy to
implement, but provides somewhat inferior
performance. This control method provides limited
speed accuracy especially in the low speed range
and poor dynamic torque response.

Two researchers, Takagi & Sugeno developed a
excellent control scheme for control of various
applications in the industrial sector. This controller
had many advantages over the other methods
discussed so far. Many researchers started using
their models for their applications. Zie, Ling &
Jhang [15] presented a TS model identification
method by which a great number of systems whose
parameters vary dramatically with working states
can be identified via Fuzzy Neural Networks
(FNN). The suggested method could overcome the
drawbacks of traditional linear system identification
methods which are only effective under certain
narrow working states and provide global dynamic
description based on which further control of such
systems may be carried out.

Since, the induction motor is a complex non-
linear system, the time-varying parameters entail an
additional difficulty during the controller design

[33]. Vector control methods have been proposed
by various researchers to simplify the speed control
of induction motors so they can be controlled like a
separately excited dc machine. Indirect vector
control methods decouple the motor -current
components by estimating the slip speed, which
requires a proper knowledge of the rotor time
constant [34]. Classical control systems like PI,
PID control have been used, together with vector
control methods, for the speed control of induction
machines. The main drawbacks of the linear control
approaches were the sensitivity in performance to
the system parameters variations and inadequate
rejection of external perturbations and load changes
[33].

As an attempt to solve all these deficiencies,
problems & difficulties encountered in designing
the controller as mentioned in the above paragraphs,
we have tried to devise a control strategy using the
Takagi-Sugeno fuzzy scheme for the speed control
of IM in our paper which has yielded excellent
results & this has been applied to the control of
electrical drive systems (induction motor).  The
results of our work have showed a very low
transient response and a non-oscillating steady state
response with excellent stabilization.

The structure of the work (flow / organization of
the paper) presented in this research paper is
organized in the following sequence. A brief
review of the literature survey of the related work
was presented in the previous paragraphs in the
introductory section.  Section 2 presents the
mathematical modelling of the induction motor.
Review about the Takagi-Sugeno control scheme
used in the design of the controller in our case is
presented in section 3. The TS based fuzzy
controller design is presented in section 4. The
section 5 shows the development of the simulink
model for the speed control of the induction motor.
The graphical results of the simulation & the
discussion are presented in section 6. This is
followed by the conclusions in the concluding
section, references & the author biographies.

2. MODELLING OF INDUCTION MOTOR

In the control of any power electronics drive
system (say a motor), to start with a mathematical
model of the plant is required. This mathematical
model is required further to design any type of
controller to control the process of the plant. The
induction motor model is established using a
rotating (d, () field reference (without saturation)
concept [17].
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The power circuit of the 3-¢ induction motor is
shown in the Fig. 1. The equivalent circuit used for
obtaining the mathematical model of the induction
motor is shown in the Fig. 2. An induction motor
model is then used to predict the voltage required to
drive the flux and torque to the demanded values
within a fixed time period. This calculated voltage
is then synthesized wusing the space vector
modulation. The stator & rotor voltage equations
are given by [17]

Voo — L NN
I R AR
v + J\ *—0
XX o b/:;\ o
2
‘[ Induction

Motor

Fig. 1 : Power circuit connection diagram for the

IM
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Fig. 2 : Equivalent circuit of induction motor in d -
g frame
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where Vg and Vg, Vig and V4 are the direct axes &
quadrature axes stator and rotor voltages. The
squirrel-cage induction motor considered for the
simulation study in this paper, has the d and g-axis
components of the rotor voltage zero. The flux
linkages to the currents are related by the Eq. (5) as

A Igg L 0 L, 0
A i 0 L 0 L,
A g L, 0 L ©
A [ 0 L, 0 L
®)

The electrical part of an induction motor can thus
be described by a fourth-order state space model (4
x 4), which is given in Eq. (6), by combining
equations (1) - (5) as

Isd

Isq _ 1 y
ig | L2 -LL,
Irg
Iy L, 0 L, 0 [|Vy
A iy |0 L 0 L,||Vyq
. +
I L, 0 L 0 ||Vyq
[ 0 L, 0 L ||V
(6)

where, A is given by

LR, oLl — oL L

A ~(@auLs - oL L) LR,
-L,R, LL, (0 — @g)

—LL, (o, — o) -L,R,

-L.R, -L,L, (a)S —a)dA)
LL, (o, — @4y) -L.R,
LR, o, —a,L, L,
~(o,15, -0, L, L) LR,

(7
By superposition, i.e., adding the torques acting
on the d-axis and the g-axis of the rotor windings,
the instantanecous torque produced in the
electromechanical interaction is given by
P . .
Tem = 5 (/’qu rd ﬂ“rd Irq ) : (8)
The electromagnetic torque expressed in terms
of inductances is given by
P L
T, = 5 L, (i )- )

em sq'rd _Isdqu

The mechanical part of the motor is modeled by
the equation [17] as
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P . -
d T E Lm (Isqlrd —ly Irq )_TL
7 OMech = - ’

dt J J

€q €q

(10)

where,
Jeq = Equivalent MI,

Wdp = Wslip = Os — Oy
On zzwmecha Wy = Ws,
Ly =Ly +Ly, Ly =Ly +Ly

This IMs mathematical model is further used to
design a controller using TS-fuzzy control strategy.

3. TAKAGI-SUGENO CONTROL SCHEME

In this section, a brief review of the Takagi and
Sugeno control strategy to control various system
parameters of the plants is presented. Takagi and
Sugeno [2] - [4] proposed a new type of fuzzy
model (TS model) which has been widely used in
many disciplines, especially in the control of
dynamical systems, such as induction motors, DC
motors, AC motors, etc. This fuzzy model is
described by IF-THEN fuzzy rules which represent
local linear input-output relations of a non-linear
system. The main feature of a Takagi-Sugeno fuzzy
model is to express the local dynamics of each
fuzzy implication (rule) by a linear system model.
The overall fuzzy model of the system is achieved
by fuzzy “blending” of the linear system models.
These TS models use fuzzy rules with fuzzy
antecedents and functional consequent parts,
thereby qualifying them as mixed fuzzy or non-
fuzzy models [13]. Such models can represent a
general class of static or dynamic non-linear
mappings via a combination of several linear
models.

In this context, the TS control model which is
being used by us to design the controller for the
speed control of induction motor is explained as
follows. In general, TS models are represented by a
series of fuzzy rules of the form [14]

R, :TF{xis A* |, THEN{y, = h¥(x) |
AND ... AND{y, =hf(x)}

m

(11)

where hljf(x), j=1,.....,mare polynomial functions

of the inputs and represent local models used to
approximate the response of the system in the
region of the input space represented by the
antecedent A",

Fuzzy models relying on such rules are referred
to as singleton fuzzy models [14]. This class of
fuzzy models can employ all the other types of
fuzzy reasoning mechanisms, because they
represent a special case of each of the above-
described fuzzy models. Parameter varying
systems which possess m working state
characteristic variables, ( inputs and single output
can be described by the TS fuzzy model consisting
of R rules, where the i rule can be represented as
[15]

Rule i :if 7, is A™,z, is A, A, and z,, is AbKm

then, y' = aj X +aj X, + A+ag X,

(12)
where, R is the number of rules in the TS fuzzy
model,  z; (j=1,2,3,, Aom) s the

characteristic variable, which reflects the working
state of the systems and can be selected as input,
output or other variables affecting the parameters of
the system dynamics.

Here, ¥, (1=1,2,3,....,A,..q) is the I" model
input and y' is the output of the i™ rule. For the i"
rule, A}’k' is the k™ fuzzy sub-set of z. a'is the

coefficient of the consequent terms. r; is the fuzzy
partition number of z;.

For simplicity of induction, we let r; = r and r is
determined by both the complexity and the
accuracy of the model. Once a set of working state
variables (2,0, 250500 A,.y Zyyg) @nd the model

input variables (XIO’ Xa0seeeer A ) are available,

X
90s q()
then the output of the TS model under such
working states can be calculated by the weighted-
average of each y' as [15]

i

y=y L
i=1 R
2

where y' is determined by consequent equation of

(13)

the i" rule. The truth-value 4' of the i" rule can be
calculated as [15]

i Wik
H=AA (Zjo)'
j=1
Furthermore, Eq. (13) can be rewritten as [15]

R R ..
(Zy'a{xl +A+ Zy'a}qxqj
i1 i—1

y= R

(14)

. (15
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which is nothing but the final output of the system
and is the weighted average of all the rule outputs
(from i to R). From Eq. (15), one can see that the
TS fuzzy model can be expressed as an ordinary
linear equation under certain working states, since

the truth-value ,ui is only determined by the

working state variables. As yi varies with the

working state, TS fuzzy model becomes a
coefficient-varying linear equation. For all possible
varying ranges of the various parameters, the TS
fuzzy model reflects the relationships between
these model parameters and the working states.
Thus, the global dynamic characteristics of the
parameter varying systems can be represented [15].

4. CONTROLLER DESIGN

A controller is a device which controls each &
every operation in the system making decisions.
From the control system point of view, it is
bringing stability to the system when there is a
disturbance, thus safeguarding the equipment from
further damages. It may be hardware based
controller or a software based controller or a
combination of both. In this section, the
development of the control strategy for control of
various parameters of the induction machine such
as the speed, flux, torque, voltage, stator current is
presented using the concepts of Takagi-Sugeno
based fuzzy control scheme, the block diagram of
which is shown in the Fig. 3.

To start with, we design the FLC, then
combine with the TS scheme, finally to obtain the
hybrid controller. Fuzzy logic is one of the
successful applications of fuzzy set in which the
variables are linguistic rather than the numeric
variables & emerged as a consequence of the 1965
proposal of fuzzy set theory by Lotfi Zadeh.
Linguistic variables, defined as variables whose
values are sentences in a natural language (such as
large or small), may be represented by the fuzzy
sets. Fuzzy set is an extension of a ‘crisp’ set
where an element can only belong to a set (full
membership) or not belong at all (no membership).
Fuzzy sets allow partial membership, which means
that an element may partially belong to more than
one set.

A fuzzy set A of a universe of discourse X is
represented by a collection of ordered pairs of
generic element X € X and its membership function
p: X — [0 1], which associates a number Ha(X) :
X — [0 1], to each element X of X. A fuzzy logic
controller is based on a set of control rules called as
the fuzzy rules among the linguistic variables.

These rules are expressed in the form of conditional
statements. Our basic structure of the fuzzy logic
coordination controller to damp out the oscillations
in the power system consists of 3 important parts,
viz., fuzzification, knowledge base - decision
making logic (inference system) and the de-
fuzzification, which are explained in brief in further
paragraphs.
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Fig. 3 : Block diagram of the TS-fuzzy logic
control scheme of the IM

The inputs to the FLC, i.e., the error & the change
in error is modeled using the Eq. (16) as

e(k) = Wyt — O
Ae(k) =e(k)—e(k—1)

where @, is the reference speed, @, is the actual

(16)

rotor speed, is the e(k) error and A e(k) is the
change in error.
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The internal structure of the fuzzy
coordination unit with the TS control scheme is
shown in the Fig. 3. The necessary inputs to the
decision-making unit blocks are the rule-based
units and the data based block wunits. The
fuzzification unit converts the crisp data into
linguistic variables. The decision making unit
decides in the linguistic variables with the help of
logical linguistic rules supplied by the rule base
unit and the relevant data supplied by the data base.
The output of the decision-making unit is given as
input to the de-fuzzification unit and the linguistic
variables are converted back into the numeric form
of data in the crisp form.

The decision-making unit uses the conditional
rules of ‘IF-THEN-ELSE’, which can be observed
from the algorithm mentioned in the algo for
developing the fuzzy rules below. In the
fuzzification process, i.e., in the first stage, the crisp
variables, the speed error & the change in error are
converted into fuzzy variables or the linguistics
variables. The fuzzification maps the 2 input
variables to linguistic labels of the fuzzy sets. The
fuzzy coordinated controller uses the linguistic
labels. Each fuzzy label has an associated
membership function. The inputs are fuzzified
using the fuzzy sets & are given as input to fuzzy
controller. The rule base for the decision-making
unit is written as shown in the table I. The
developed Takagi-Sugeno fuzzy rules (7 x 7 = 49)
included in the fuzzy coordinated controller.

E
AE

NB NB | NB NB | NB | NM | NS ZE
NM NB | NB NM [ NM [ NS | ZE PS
NS NB [ NM | NS [ NS [ ZE | PS PM
ZE NB [ NM | NS | ZE PS PM ([ PB
PS NM | NS ZE | PS PS PM ([ PB
PM NS | ZE PS PM | PM | PB PB
PB ZE | PS PM | PB PB | PB PB

NB | NM | NS | ZE PS | PM | PB

Table I : Rule base for controlling the speed

The control decisions are made based on the
fuzzified variables. The inference involves a set of
rules for determining the output decisions. As there
are 2 input variables & 7 fuzzified variables, the
fuzzy logic coordination controller has a set of 49
rules for the fuzzy logic based TS controller. Now,
the 49 output variables of the inference system are
the linguistic variables and they must be converted
into numerical output, i.e., they have to be de-
fuzzified. This process is what is called as de-

fuzzification. Defuzzification is the process of
producing a quantifiable result in fuzzy logic.

The defuzzifcation transforms fuzzy set
information into numeric data information. This
defuzzification process along with the operation of
fuzzification is critical to the design of fuzzy
systems as both of these operations provide nexus
between the fuzzy set domain and the real valued
scalar domain. There are so many methods to
perform the deffuzification, viz., centre of gravity
method, centre of singleton method, maximum
methods, the marginal properties of the centroid
methods & so on. In our work, we use the centre of
gravity method. The output of the defuzzification
unit will generate the control commands which in
turn is given as input (called as the crisp input) to
the plant through the inverter. If there is any
deviation in the controlled output (crisp output),
this is fed back & compared with the set value &
the error signal is generated which is given as input
tot he TS-fuzzy controller, which in turn brings
back the output to the normal value, thus
maintaining stability in the system. Finally, the
controlled output signal, i.e., Y is given by Eq. (17)
as

R R
[Z,u'a{xl+..+A+..+Z,u'aaqu
y = il i1

This controlled output y is nothing but the final
output of the controller and is the weighted average
of all the rule based outputs. From Eq. (17), one
can see that the TS fuzzy model can be expressed
as an ordinary linear equation under -certain

working states since the truth-value ,ui is only

determined by the working state variables. The
main advantage of designing the TS based fuzzy
coordination scheme to control the speed of the IM
is to increase the dynamic performance & provide
good stabilization.

5. DEVELOPMENT OF SIMULINK MODEL

The block model of the induction motor system
with the controller was developed using the power
system, power electronics, control system, signal
processing toolboxes & from the basic functions
available in the Simulink library in Matlab /
Simulink. In this paper, plots of voltage, torque,
speed, load & flux, etc are plotted as functions of
time with the controller and the waveforms are
observed on the corresponding scopes after running
the simulations. The entire system modeled in
Simulink is a closed loop feedback control system
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consisting of the plants, controllers, samplers,
comparators, feedback systems, the mux, de-mux,
summers, adders, gain blocks, multipliers, clocks,
sub-systems, integrators, state-space models, sub-
systems, the output sinks (scopes), the input
sources, etc. The developed simulink model for the
control of various parameters of the SCIM is shown
in the Fig. 4.

6. SIMULATION RESULTS & DISCUSSIONS

Simulink model with the controller for the speed
control of IM is developed in Matlab 7 as shown in
the Fig. 4. The simulation is run for a specific
amount of time (say 2 to 3 secs) in Matlab 7 with a
reference  speed of 100 rads / sec

{i.e., (100 x 60%7[} =955 rpm & with a load torque

of 2 N-m.

Note that the fuzzy coordinated TS controller
consists of 3 basic blocks viz., fuzzification,
inference, and the de-fuzzification blocks as shown
in the Fig. 4. A set of 49 fuzzy rules are written
and called in the form of a file in the developed
Simulink model with the controller. While the
simulation is run, the 2 fuzzy inputs are then given
to the controller (Takagi-Sugeno-fuzzy), where the
output is obtained thereafter. The response curves
of flux, load, torque, terminal voltage, and speed &
stator currents v/s time are observed on the
respective scopes & are shown in the Figs. 5 - 9
respectively after importing the scope data into the
workspace and plotting them.

From the simulation results shown in the Figs. 5
to 9, it is observed that the stator current does not
exhibit any overshoots, undershoots, the response of
the flux, torque, terminal voltage, speed & stator
currents, etc. takes lesser time to settle & reach the
desired value compared to the results presented in
[1]. It was observed in [1] using the Mamdani
control strategy for the same set speed & the 49
rules, the speed reaches its desired set value
(becomes stable) at 1.4 seconds, whereas in this
paper using the TS-fuzzy control for the same
mathematical model & for the same set speed & for
the same 49 rules, the speed reaches its desired set
value at 0.7 seconds.

This shows the effectiveness of the developed
controller. It is also observed that with the
controller, the response characteristics curves take
less time to settle & reach the final steady state value
compared to that in [1].
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7. CONCLUSIONS

A systematic approach of achieving robust
speed control of an induction motor drive by means
of Takagi-Sugeno based fuzzy control strategy has
been investigated in this paper. Simulink models
were developed in Matlab 7 with the TS-based
fuzzy controllers (hybrid controller) for the speed
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control of IM.  The control strategy was also
developed by writing a set of 49 fuzzy rules
according to the TS control strategy. The main
advantage of designing the TS based fuzzy
coordination scheme to control the speed of the IM
is to increase the dynamic performance & provide
good stabilization. Simulations were run in Matlab
7 & the results were observed on the corresponding
scopes. Graphs of speed, torque, stator current,
flux, etc. vs. time were observed.

The outputs takes less time to stabilize, which
can be observed from the simulation results. But,
from the incorporation of the TS based fuzzy
coordination system in loop with the plant gave
better results there by stabilizing the plant very
quickly. The developed control strategy is not only
simple, reliable, and may be easy to implement in
real time applications, but also cost-effective as
when this control scheme is implemented in real
time, the size of the controller will become very
small. Collectively, these results show that the TS-
fuzzy controller provides faster settling times, has
very good dynamic response & good stabilization.

REFRENCES

[1].  Ashok Kusagur, S. F. Kodad, B V. Sankar
Ram, “Al based design of a fuzzy logic
scheme for speed control of induction motors
using SVPWM technique”, Proc. Int. Jr.
Comp. Sci. & Network Security, Vol. 9, No.
1, pp. 74 - 80, Jan. 2009.

T. Takagi and M. Sugeno, “Fuzzy
identification of system and its applications
to modeling and control”, Proc. IEEE Trans.
on System Man and Cybernetics, Vol. SMC-
15, No. 1, pp. 116-132, 1985.

M. Sugeno and G. T. Kang, “Structure
identification of fuzzy model”, Proc. on the
Fuzzy Sets and Systems, Vol. 28, pp. 15-33,
1988.

M. Sugeno and K. Tanaka, “Successive
identification of a fuzzy model and its
applications to prediction of a complex
system”, Proc. Fuzzy Sets and Systems, Vol.
42, pp. 315-334, 1992.

Mouloud Azzedine Denai, Sid Ahmed Attia,
“Fuzzy and Neural Control of an Induction
Motor”, Proc. Int. J. Appl. Math. Comput.
Sci., Vol. 12, No. 2, pp. 221-233, 2002.

Vas P., “Vector Control of AC Machines”,
Oxford University Press, London, UK, 1990.
Trzynadlowski A.M., “The Field Orientation
Principle in Control of Induction Motors”,
Kluwer Pub., Dordrecht, 1994.

[2].

[3].

[4].

[5].

[6].
[7].




Journal of Theoretical and Applied Information Technology

© 2005 - 2009 JATIT. All rights reserved.

2
2

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

Www jatit.org

Cao S.G., Rees N.W. and Feng G., “Analysis
and design of fuzzy control systems using
dynamic fuzzy state space Models”, Proc. of
the Trans. on IEEE Trans. Fuzzy Syst., Vol.
7, No. 2, pp. 192-199, 1999.

Chen C-Li and Chang M-Hui, “Optimal
design of fuzzy sliding mode control: A
comparative study”, Fuzzy Sets Syst., Vol.
93, pp. 3748, 1998.

Shaw A. and Doyle F., “Multivariable non-
linear control application for a high purity
distillation column wusing a recurrent
dynamic neuron model”, J. Process Contr.,
Vol. 7, No. 4, pp. 255268, 1997.

Bose B. K., Modern Power Electronics and
AC Drives, Pearson Education, Inc., India,
2002.

Jinjie Huang, Shiyong Li, Chuntao Man, “A
TS type of fuzzy controller based on process
of input output data”, Proc. of 42" IEEE
Conf. on Decision & Control (CDC’03),
Hawai, USA, pp. 4729-4734. Dec. 2003.
Kazuo Tanaka, Hua O. Wang, “Fuzzy
Control Systems Design and Analysis: A
Linear Matrix Inequality Approach” John
Wiley & Sons, Inc., USA. 2002.

Giovanna Castellano, “A  neuro-fuzzy
methodology for predictive modelling”,
Ph.D. Thesis, Dept. of Comp. Sci., Univ. of
Bari, 2000.

Xie Keming, TY Lin, Zhang Jianwei, “The
Takagi-Sugeno fuzzy model identification
method of parameter varying systems”,
Proc. Rough Sets Current Trends Conf.,
RSCTC’98, Warsaw, Poland, Jun. 22-26,
1998.

S. N. Sivanandam, S. Sumathi and S. N.
Deepa, “Introduction to fuzzy logic using
Matlab”, Springer-Verlarg Publications,
2007.

Yu Zhang; Zhenhua Jiang; Xunwei Yu,
“Indirect Field-Oriented Control of Induction
Machines Based on Synergetic Control
Theory”, Proc. of the IEEE Int. Conf. on
Power and Energy Society General Meeting
- Conversion and Delivery of Electrical
Energy in the 21st Century-2008, pp. 20-24,
1 -7, Jul. 2008.

Carlos A. Martins, Adriano S. Carvalho,
“Technological Trends in Induction Motor
Electrical Drives”, IEEE Porto Power Tech
Conference, Vol. 2, Sep. 2001.

L. Ben-Brahim, “Improvement of the
stability of the V/f controlled induction
motor drive systems”, |IEEE Proceedings of

125

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

the 24th Annual Conference, Vol. 2, pp. 859-
864, 1998.

Satean Tunyasrirut, Tianchai Suksri, and
Sompong Srilad, “Induction Motor using
Space Vector Pulse Width Modulation”,
Proc. of the World Academy of Science,
Engineering Fuzzy Logic Control for a
Speed Control of And Technology, Vol. 21,
pp. 71 - 77, Jan. 2007.

R. Arulmozhiyal, K. Baskaran, “Space
Vector Pulse Width Modulation Based
Speed Control of Induction Motor using
Fuzzy PI Controller”, Proc. of the
International Journal of Computer and
Electrical Engg., Vol. 1, No. 1, pp. 98-103,
April 2009.

Chuen Chien Lee, “Fuzzy Logic in Control
Systems:Fuzzy Logic controller—Part 17,
IEEE, 1990.

Chuen Chien Lee, “Fuzzy Logic in Control
Systems : Fuzzy Logic controller —Part 27,
IEEE, 1990.

Zdenko Kovaccic and Stjepan Bogdan,
“Fuzzy Controller design Theory and
Applications”, Taylor & Francis Group
International, 2002.

Hassan Baghgar Bostan Abad, Ali Yazdian
Varjani, Taheri Asghar “Using Fuzzy
Controller in Induction Motor Speed Control
withConstant Flux”, Proc. of world academy
of science, engineering and technology, Vol.
5, ISSN 1307-6884, April 2005.

Mir.S.A and Malik. E. Elbuluk, “Fuzzy
controller for Inverter fed Induction
Machines”, IEEE Transactions on Industry
Applications, Vol.30, pp. 78-84, 1994,

Peter Vas, “Sensorless Vector and Direct
Torque control”, Oxford University press,
1998.

Haider A. F. Mohamed, E. L. Lau, S. S.
Yang, M. Moghavvemi, “Fuzzy-SMC-PI
Flux and Speed Control for Induction
Motors”, Proc. of RAM-2008, pp. 325-328,
2008.

Chen T. C., and Hsu J. U., “A fuzzy sliding
mode controller for induction motor position
control”, IECON’94., 20th Int. Conf on
Industrial ~ Electronics,  Control  and
Instrumentation, Vol. 1, pp. 44-49, 1994.
Kim D. H., Kim H. S., Kim J. M., Won C. Y.
and Kim S. C., “Induction motor servo
system using variable structure control with
fuzzy sliding surface”, IEEE Int. Conf.
Industrial ~ Electronics,  Control, and
Instrumentation, Vol. 2, pp. 977-982, 1996.




Journal of Theoretical and Applied Information Technology

© 2005 - 2009 JATIT. All rights reserved. !'él

Www jatit.org

[31]. Ramén C. Oros, Guillermo O. Forte, Luis
Canali, “Scalar Speed Control of a d-q
Induction Motor Model Using Fuzzy Logic
Controller”, Conf. paper.

S. N. Sivanandam, S. Sumathi and S. N.
Deepa, “Introduction to Fuzzy Logic using
MATLAB”, Springer-Verlag Berlin,
Heidelberg, 2007.

F.Barrero, A.Gonziilez, A.Torralba,
Member, 1IEEE, E.GalvBn and
L.G.Franquelo, “Speed Control of Induction
Motors Using a Novel Fuzzy-Sliding Mode
Structure”, IEEE Conf. paper, pp. 1073-
1078.

Ashok Kusagur, Jagadish Pujar, “Design of
A VAR Compensator”, Proc. International
Conference on Trends in Intelligent
Electronic Systems, Satyabhama University,
Chennai, Tamil Nadu, India, Nov. 12 - 14,
2007.

Jagdish Pujar, Ashok Kusagur, SF Kodad,
T.C. Manjunath, “Fuzzy Logic Based
Flexible Multi-Bus Voltage Control of
Power Systems”, Proc. of the 31% National
Systems Conference, NSC-2007, MIT-
MAHE Campus, Manipal - 576104,
Karnataka, India, 14-15, Nov. 2007.

[32].

[33].
[34].

[35].

AUTHOR BIOGRAPHIES

Ashok Kusagur was born in
the year 1970 and he received
the B.E. degree in Electrical &
P SB  Electronics Engg. (EEE) from
N o ~  Bapuji Institute of Engg. &
| A Tech. (BIET), Davanagere,
{ €§ 4 ,_‘ Karnataka, India from
Kuvempu University in the
year 1996 and the M.Tech. Degree in Power
Electronics from PDA College of Engg., Gulbarga,
Karnataka, India from the VTU in the year 2001.
He has got a teaching experience of nearly 12 years.
Currently, he is working as Professor & Head of the
Department of Electronics & Communications
Engg. in HMS Institute of Technology, Tumkur,
Karnataka, India & simultaneously doing his Ph.D.
(Research) in Electrical & Electronics Engg. from
the prestigious Jawaharlal Nehru Technological
University (JNTU), Hyderabad, Andhra Pradesh,
India.

Dr. S. F. Kodad received the
B.E. degree in EEE from STJ
Institute  of  Technology,
Ranebennur, Karnataka, India
from Karnataka University
and the M.Tech. degree in
= Energy Systems Engg. from
®& INTU, Hyderabad, India in
the year 1992. He received his Ph.D. degree in
Electrical Engg. from JNTU, Hyderabad, India in
the year 2004. He has got a teaching experience of
nearly 20 years. Currently, he is working as
Director in Krishnamurthy Institute of Engg. &
Tech., in Hyderabad, Andhra Pradesh, India in the
Dept. of Electrical & Electronics Engg. He has
published a number of papers in various national &
international journals & conferences & done a
number of in-house & industry projects. He has
also presented a number of guest lectures and
various seminars and participated in a number of
courses, seminars, workshops, symposiums in the
various parts of the country in different institutions
and also conducted a few courses. He is also
guiding a number of Ph.D. students.

Dr. B. V. Sankar Ram
received the B.E. degree in
Electrical Engg. from
Osmania University & M.E.
degree in Power Systems
from Osmania University,
Hyderabad, Andhra Pradesh,
India. He received his Ph.D.
degree in Electrical Engg. from JNTU, Hyderabad,
India. He obtained Diploma in Candidate
Management Finance. He has got a teaching
experience of more than 20 years. Currently, he is
working as Professor in JNTU College of Engg.
Hyderabad, India in the Dept. of Electrical Engg.
He has published a number of papers in various
national & international journals & conferences &
done a number of in-house & industry projects. He
is also guiding a number of research scholars in
various topics of engg. He has specialized in power
systems.

126



