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Abstract: ANFIS tool is used to generate Neuro fuzzy outputs. Different membership functions were used namely triangular,
trapezoidal, gbell and gauss. The optimization used was hybrid. Neuro Fuzzy controller was used to control the DC motor
speed with unit step input. The graphical responses of plant with PID controller, closed loop with fuzzy logic controller and
Neuro Fuzzy controller has been shown below. For Fuzzy logic controller triangular, trapezoidal and gbell shaped membership
functions are used with different defuzification methods. Result indicates that a separately excited DC motor using Neuro
Fuzzy controller gives better performance.
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1. INTRODUCTION

The Direct Current (DC) Machines are considered as basic
electric machines. The most important challenge to reduce
motor power consumption is to properly vary the shaft speed
of motors according to load requirement. DC machines are
very popular as their torque-speed characteristics can be
varied over a wide range. These characteristics are highly
dependent on load variation and thus there is an increasing
need for a good controller to perform tight regulation under
high unpredictable load variations. During last few years
there is vast research going in the field of Fuzzy Logic and
Neural Networks. Neural Networks has advantages in areas
such as learning, classification and optimization where as
Fuzzy Logic has advantage in areas such reasoning on a
high (semantics or linguistic) level. The two techniques
complement each other. Researchers utilize these two
technologies in series, using one as pre-processor or post
processor for other.

The Neuro Fuzzy approach is becoming one of the
major areas of interest because it gets benefits of neural
networks as well as of fuzzy logic systems and removes the
individual disadvantages by combining them on the common
features. Neural networks and fuzzy logic have some
common features such as distributed representation of
knowledge, model-free estimation, ability to handle data
with certainty and imprecision etc. Fuzzy logic has tolerance
for imprecision of data, while neural networks have
tolerance for noisy data. The most widely researched of all
hybrid systems at the present time are combination of neural
networks and fuzzy logic. Fuzzy logic provides a structure
with which the learning ability of neural networks is
employed.

Neuro Fuzzy hybrid systems combine the advantages
of fuzzy systems, which deal with explicit knowledge, which

can be explained and understood, and neural networks,
which deal with explicit knowledge which can be acquired
by learning. Neural networks learning provide a good way
to adjust the expert’s knowledge and automatically generate
additional fuzzy rules and membership functions, to meet
certain specifications and reduce design time and costs. On
the other hand, fuzzy logic enhances the generalization
capability of neural network system by providing more
reliable output when extrapolation is needed beyond the
limits of the training data. The Neuro Fuzzy systems consists
of the components of a conventional fuzzy system except
computations at each stage are performed by a layer of
hidden neurons and neural network’s learning capacity is
provided to enhance the system knowledge. The other
architecture of neuro fuzzy system which is available is
shown in Figure 2.

Figure 1: Neuro-fuzzy System for Tuning a Membership
Function
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Neuro Fuzzy systems offer the precision and learning
capability of neural networks and yet are easy to understand
like fuzzy systems. Explicit knowledge acquired from
experts can be easily incorporated into such system, and
implicit knowledge can be learned from training samples
to enhance the accuracy of output. There are also many other
ways to combine neural and fuzzy techniques, to improve
the learning speed, adjust learning and momentum rates etc.

Presently the combination of Neuro Fuzzy approach is
one of the major areas of application. The Neuro Fuzzy
controller provides better performance compared to the
conventional and Fuzzy controller. The proposed Neuro
Fuzzy controller for separately excited DC motor provides
a better response. In present work, Neuro Fuzzy controller
is used to enhance the performance of a DC motor.

2. METHODOLOGY

In present work, principle of fuzzy logic and Neuro Fuzzy
is incorporated for designing a speed controller of the DC
drive. For carrying out the work, the simplified transfer
function of separately exited DC motor was obtained [3]
and observed that a separately excited DC motor can be
represented in block diagram by a controller and plant.
Controller is implemented before the plant to improve the
performance.

Four types of membership functions were used in the
simulation using MATLAB, namely triangular, trapezoidal,
gbell and gauss shaped. Two methods of defuzzification
namely Centroid and Bisector are used for defuzzification
of the fuzzy output of the fuzzy interface unit to give the
crisp output (control) which was given to the plant (DC
motor).

An armature controlled separately exited DC Motor is
considered and the transfer function of the plant under
consideration is given by equation.
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ANFIS tool is used to generate Neuro fuzzy outputs.
Different membership function is used namely triangular,
trapezoidal, gbell and gauss. The optimization used is
hybrid. Neuro Fuzzy controller was used to control the DC
motor speed with unit step input. The graphical responses
of plant with PID controller, closed loop with fuzzy logic
controller and Neuro Fuzzy controller was obtained. For
Fuzzy logic controller triangular, trapezoidal and gbell
shaped membership functions are used with different
defuzification methods.

3. OBSERVATIONS AND RESULTS

By the above methods, the peak overshoot, steady state
error, rise time (tr) and settling time (ts) obtained are
tabulated as:

Table 1
Neuro Fuzzy Controller

Type of Defuzifi- Peak Steady Rise Settling
membership cation overshoot state time time
function  method Mpp (%) error Ess tr(sec) ts(sec)

Trimf Wtaver 1.02 0 2.68 5.41

Trapmf Wtaver 1.02 0 3 6.06

Gbellmf Wtaver 1.025 0 2.64 6.04

Gaussmf Wtaver 1.03 0 2.55 6

PID controller: PID = 1,1,1: Peakovershoot = 1.12,
Settling time = 9.65, Rise time = 4.2

Table 2
Triangular Membership Functions

Defuzification Peak Steady Rise Settling
method overshoot state time tr time

Mpp (%) error Ess (sec) ts (sec)

Centroid 1.05 0 4.65 8.25

Bisector 1.03 0 4 7.25

Table 3
Trapezoidal Membership Functions

Defuzification Peak Steady Rise Settling
method overshoot state time tr time

Mpp (%) error Ess (sec) ts (sec)

Centroid (4) 1.05 0 4.85 8.6

Bisector (5) 1.03 0 4.11 7.35

Table 4
GBELL Shaped Membership Functions

Defuzification Peak Steady Rise Settling
method overshoot state time tr time

Mpp (%) error Ess (sec) ts (sec)

Centroid (7) 1.07 0 3.21 6.89

Bisector (8) 1.02 0 3.3 6.63

Table 5
SUGENO FIS

Type of Defuzifi- Peak Steady Rise Settling
membership cation overshoot state time time
function  method Mpp (%) error Ess tr(sec) ts(sec)

Trimf Wtaver 1.03 0 4.34 8.09

Gbellmf Wtaver 1.03 0 3.01 6.56

Gaussmf Wtaver 1.025 0 2.98 6.6

Figure 2 Schematic Diagram of a Neuro Fuzzy System
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From the above data, it is concluded that, the
simulations with ANFIS have reduced peakovershoot,
settling time and rise time. The number of membership
functions is reduced in ANFIS. The output membership
functions are linear or constant. The defuzzifiction method
applied is wtaver. In the mamdani type FIS the
peakovershoot and settling time is minimum using Gbell
membership function and defuzzification applied is bisector.
The rise time is minimum using Gbell membership function
and Centroid defuzzification. In Sugeno type FIS the peak
over shoot is minimum using Gaussmf. The settling time is
minimum using Gbell. Therefore Neuro Fuzzy controller
has better response compared to PID and fuzzy logic
controller. The peak overshoot, settling time is reduced and
the response is fast using Neuro Fuzzy controller.
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