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Abstract: A fuzzy logic controller mostly uses the single Fuzzy Inference System (FIS) which gives optimum response. But
this response is limited for a given specified range of set point or set of parameters to which the system is tuned. The Multi –
Fuzzy Inference System is proposed in this paper to improve the overall performance of a plant. The proposed Multi – FIS is
for different set point to control temperature of water chamber. Three FIS file are designed for three different temperature set
points. The effectiveness of this control scheme is verified by implementing it to control temperature of flowing water at a
desired set point. The performance is compared with Single– FIS control technique. An experimental result shows that, the
proposed scheme augurs and is well suited for this kind of applications.
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1. INTRODUCTION

A fuzzy inference system employing fuzzy ‘if – then’ rules
can model the qualitative aspects of human knowledge and
reasoning processes without employing precise quantitative
analyses. This fuzzy modeling or fuzzy identification was
first explored systematically by Takagi and Sugeno, and later
has found numerous practical applications in control,
prediction and inference.

Fuzzy ‘if – then’ rules or fuzzy conditional statements
are expressions of the form ‘IF A THEN B’, where A and B
are labels of fuzzy sets characterized by appropriate
membership functions. Due to their concise from, fuzzy
‘if – then’ rules are often employed to capture the imprecise
modes of reasoning that play an essential role in the human
ability to make decisions in an environment of uncertainty
and imprecision. Another form of fuzzy ‘if – then’ rule,
proposed by Takagi and Sugeno, has fuzzy sets involved
only in the premise part.

In recent years, there has been growing interest in using
Fuzzy and Neural systems for control [1, 6]. Fuzzy
controllers, in general are suitable for nontraditionally
modeled industrial processes and also for the systems that
cannot be precisely described by mathematical formulation.
One of the motivations in this research is the success of the
fuzzy controller developed, where it has been demonstrated
that, it is better than the conventional one for nonlinear
systems [3]. Fuzzy controllers often produce superior results
to those of classical controllers.

The design of fuzzy control system involves many
design parameters such as scaling factors, membership
functions, and control rules. The generation of membership
functions for fuzzy systems is a challenging problem. The

performance of fuzzy controller is highly dependent on the
membership functions. Various methods have been proposed
over the years for the optimization of fuzzy membership
functions. Control engineer has the difficulty in accessing
the fuzzy controller because of the following limitations:

• The design of the fuzzy controller is not straight
forward due to heuristics involved with control rules
and membership functions.

• The tuning of the parameters of fuzzy logic controllers
is very complex.

This paper addresses an application that involves
temperature control system. It presents a fuzzy controller
that uses an adaptive neuro – fuzzy inference system.
Artificial Neural Network (ANN) learns from scratch by
adjusting the interconnections between layers. Fuzzy
Inference system (FIS) is a popular computing framework
based on the concept of fuzzy set theory, fuzzy ‘if – then’
rules, and fuzzy reasoning. A neuro – fuzzy system is simply
a fuzzy inference system trained by a neural network learning
algorithm. The learning mechanism tunes the underlying
fuzzy inference system. Fuzzy system faces difficulties like
lack of completeness of the rule base, lack of definite criteria
for selection of the shape of membership functions, their
degree of overlapping and level of data quantization. Some
of these problems can be solved if neural technique is used
for fuzzy reasoning.

2. SYSTEM OVERVIEW

A simple and versatile way is proposed to achieve controlled
temperature using an Adaptive Neuro – Fuzzy Controller. A
block diagram of the temperature control system is shown
in Fig. 1. The concise details of different parts of the system
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are the water chamber, the sensor module, the input-output
interface, the computer system and the actuator.

membership function of A, and it specifies the degree to
which the given x satisfies the quantifier Ai.
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where {ai, bi, ci} is the parameter set. As the values of these
parameters change, the bell shaped functions vary
accordingly, thus exhibiting various forms of membership
functions on linguistic label Ai. In fact, any continuous and
piecewise differentiable functions, such as commonly used
trapezoidal or triangular-shaped membership functions, are
also qualified candidates for node functions in this layer.
Parameters in this layer are referred to as premise parameters.

Layer 2: Every node in this layer is a circle node labeled
H which multiplies the incoming signals and sends the
product out. For instance,

iω = ( ) ( ),yx BiAi µ×µ ... (4)

Each node output represents the firing strength of a rule.
(In fact, other T-norm operators that performs generalized
AND can be used as the node function in this layer).

Fig. 1: Block Diagram of System

The lab model of temperature controller can be divided
in above mentioned five parts. The system is modeled using
a chamber having capacity of 0.5 liters. Chamber consists
of a heater coil at the mouth of water inlet. Temperature
sensor is inserted in chamber near the outlet. Signal
conditioner is used to transfer sensed signal to the computer.
Here PCL-207 is used to interact between analog and
digital signal.

The water at room temperature enters the chamber at a
constant flow rate through inlet. The controlled water at
constant temperature is available at outlet. To analyze and
control, the ANFIS based software is developed. The control
signal is available in the range of 0 v to 5 v. The actuator
requires its control signal to be 4 mA to 20 mA. Here analog
signal is therefore converted into said range using Voltage
to Current (V-I) converter. Actuator circuitry generates A.C.
signal to drive the heater.

3. ARCHITECTURE OF ANFIS

Let us assume a fuzzy inference system with two inputs x
and y and one output z. Suppose that the rule base contains
two fuzzy ‘if-then’ rules of Takagi and Sugeno’s type [2]:

Rule 1: If x is A1 and y is B1, then f1 = p1x + q1y + r1,

Rule 2: If x is A2 and y is B2, then f2 = p2x + q2y + r2,

then the fuzzy reasoning is illustrated in Fig. 2. The node
functions in the same layer are of the same function family
as described below:

Layer 1: Every node i in this layer is a square node
with a node function

1
iO = ( )xiAµ ... (1)

where x is the input to node O, and A, is the linguistic label
associated with this node function. In other words, µ is the

Fig. 2: Firing of Rules for Different Membership Functions

Fig. 3: ANFIS Structure for two Input Variables and
Five Layers
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Layer 3: Every node in this layer is a circle node labeled
N. The i-th node calculates the ratio of the i-th rule’s firing
strength to the sum of all rules’ firing strengths:

iω =
21 ω+ω

ωi ... (5)

For convenience, outputs of this layer will be called
normalized firing strengths.

Layer 4: Every node 1 in this layer is a square node
with a node function

4
iO = ( )iiiiii ryqxpf ++ω=ω ... (6)

where wi, is the output of Layer 3 and {pi, qi, ri} is the
parameter set. Parameters in this layer will be referred to as
consequent parameters.

Layer 5: The single node in this layer is a circle node
labeled E that computes the overall output as the summation
of all incoming, signals, i.e.
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4. MULTI— FIS FILE SYSTEM APPROACH

The main aim to introduce Multi – FIS file system is to
increase the overall accuracy of system and to reduce
overshoot at different setpoints. In single FIS (Fuzzy
Inference System) the controller is designed keeping in mind
a particular setpoint. Accordingly the gain of controller is
also tuned for respective referenced setpoint. Consider,

Case 1: Water flowing into system is at room
temperature say 24°C and the required outlet water
temperature is 40°C. For this situation a FIS can be designed
with the help of ANFIS and system works well.

Case 2: Temperature of inlet flowing water is same as
that of in case1 (24°C) but the required outlet water
temperature is 45°C. Here if the same FIS is used, as that
was used for a set point of 40°C than the response of system
is not up to mark. To attend 45°C the heater should br
provided with additional input as compared that of 40°C.

Hence a separate FIS is required to achieve the desired
gain. No doubt in both cases FIS is designed based on error
and change in error, but the respective controller gain factor
varies. If same FIS is used for both cases than as the setpoint
goes on increasing (away from the setpoint to which FIS is
designed), overshoot and settling time also go on increasing
and vice versa.

In this investigation, the task of the Multi – FIS control
algorithm is to provide outlet water at a desire set point
temperature without overshoot. It is necessary to write a set
of fuzzy control statements based on error signal between

the set point and measured current temperature of outlet
water and change in error so as to adjust the output of
controller. The system is designed with the help of three FIS
files. The first FIS file would be used when set point
temperature to be controlled is in range of 37°C to 42°C,
second FIS file would be used for the range 44°C to 47°C
and third FIS file for range 42°C to 44°C. With the help of
MATLAB Fuzzy tool box these FIS files are generated.

The first iteration error is achieved from set point accepted
from user and current temperature of water present in system.
Considering minimum change in error for this iteration the
controller output is obtained. Depending on the set point
entered by user the respective FIS file is chosen. The FIS file
designed is of two inputs (error and change in error) and one
output (controlled signal strength). The output value of FIS is
a crisp value which is converted to real interface.

4. RESULTS AND DISCUSSION

For comparison purpose two different control algorithms are
implemented. The first uses a single FIS file system
controller, the second uses Multi – FIS file system controller
as discussed in previous section. Graphical representation
shows that performance of Multi – FIS controller is better.
Also mean of error for Multi – FIS is found superior as that
of single FIS controller. The Table 1 shows the comparision
of mean of error obtained at different set point. The values
for 40°C and 43°C set point shows nominal advancedments
for Multi – FIS over single FIS. The actual performance test
of both controllers is obtained at set point of 45°C. There is
large improvement in reducing mean value of error.

Table 1
Mean of Error for Different Set Points and

FIS Controller System

Controller type Mean 40°C Mean 45°C Mean 43°C

Single FIS 0.195 0.825 0.213

Multi FIS – 0.0367 – 0.0053 0.0350

Figures 4 and 5 dipicts graphical representation of
controller for Multi – FIS and Single FIS. It is observed that
overshoots in single FIS controller are rectified in Multi–
FIS controller.

Fig. 4: Graphical Representation of Controller for Multi – FIS
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5. SUMMARY

By comparing the experimental results obtained from single
FIS and Multi – FIS controller, it can be seen that the
performance of Multi – FIS controller is better than that of
single FIS controller. As can be seen, the settling time of
Multi – FIS is very less as that of single FIS. Optimum
response of single FIS controller can be expected only for
limited range of input set point and it is necessary to retune
the controller (adjusting the scaling factor and in some cases
the magnitude of the parameter) for other ranges of input
set point.

Since there is no mature guidance in fuzzy set theory
for the determination of the best shapes for fuzzy sets, it is
suggested that different shapes for different set points need
to be studied to obtain an optimum solution for various
ranges of error/error change pairs. The amount of overlap
with the fuzzy sets affects the efficiency of fuzzy controller.
This can be overcome by using advanced tuning methods
such as Neural Network (ANFIS tool from MATLAB).

6. CONCLUSION

The Multi – Fuzzy Inference System is proposed in this paper
to improve the overall performance of a plant. The Multi–
FIS controllers offers the following advantages:

1. By using different FIS files, the fuzzy controller can
operate for a large range of input.

Fig. 5: Graphical Representation of Controller for Single FIS

2. Since separate FIS file is used for each range of set
points, the overall performance of Fuzzy Logic
Controller is improved enormously.
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