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Abstract: A fuzzy logic controller (FLC) formation with an efficient understanding and a small rule base that can be simply
implemented in existing industrial controllers was proposed. It was depicted in both software simulation and hardware test
in an industrial setting that the fuzzy logic control is much more capable than the current temperature controllers. This
includes compensating for thermo mass changes in the system, dealing with unknown and variable delays, operating at very
different temperature set points without retuning, etc. It is achieved by implementing, in FLC, a classical control strategy
and an adaptation method to compensate for the dynamic changes in the system. The proposed FLC was applied to two
different temperature processes and significant improvements in the system performance are observed in both cases.
Furthermore, the stability of the FLC is investigated and a safeguard is established.
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1. INTRODUCTION

While modern control theory has made modest inroad into
practice, fuzzy logic control has been swiftly gaining
attractiveness among practicing engineers. The controller
designed using fuzzy logic implements human reasoning that
has been programmed into fuzzy logic language
(membership functions, rules and the rule interpretation).

Starting in the early 90 s, the Applied Control Research
Lab. at Cleveland State University, supported by industry
partners, initiated a research program applying the role of
fuzzy logic in industrial control. The primary question at
the time was: “What the fuzzy logic control does that the
conventional control cannot do?” The research results over
the last few years have been reported in [1].

In this paper, we focus on fuzzy logic control as an
alternative control strategy to the current proportional
integral-derivative (PID) technique used extensively in
industry. Consider a generic temperature control application
shown in Fig. 1: [1, 2].

In this paper, the validity of fuzzy logic control as an
alternative approach in temperature control applications is
investigated.

2. FUZZY LOGIC CONTROL DESIGN

The FLC developed here is a two-input single-output
controller. The two inputs are the deviation from set point
error, e (k), and error rate, ∆e (k). The FLC is implemented
in a discrete-time form using a zero-order-hold as shown in
Fig. 2 (a). The operational structure of the Fuzzy controller
is shown in Fig. 2 (a) [2].

Fig. 1: A Typical Industrial Temperature Control Problem

Fig. 2: Fuzzy Logic Control System

The FLC membership functions are defined over the
range of input and output variable values and linguistically
describes the variable’s universe of discourse as shown in
Fig. 3.
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3. RULE DEVELOPMENT

Our rule development strategy for systems with time delay
is to regulate the overall loop gain to achieve a desired step
response. The output of the FLC is based on the current input,
e (k) and De (k), without any knowledge of the previous
input and output data or any form of model predictor. The
main idea is that if the FLC is not designed with specific
knowledge of mathematical model of the plant, it will not
be dependent on it. The rules developed in this paper are
able to compensate for varying time delays on-line by tuning
the FLC output membership functions based on system
performance [1, 3].

The FLC’s rules are developed based on the
understanding of how a conventional controller works for a
system with a fixed time delay. The rules are separated into
two layers: the first layer of FLC rules mimics what a simple
PID controller would do when the time delay is fixed and
known; the second rule layer deals with the problem when
the time delay is unknown and varying.

In developing the first layer rules, consider the first order
plant, G (s) e – st, where G (s) = a/(s + a). In the PID design,
the following assumptions are made:

• The time delay τ is known.

• The rise time, tτ, or equivalently, the location of the
pole is known.

• tτ  is significantly smaller than τ.

• The sampling interval is Ts.

The conventional PI-type controller in incremental form
is given by:

u (k) = u (k – 1) + f (e, e) ... (1)

Where f (e, De) is computed by a discrete-time PI
algorithm. This control algorithm was applied to a first order
plant with delay. Initial tuning of PI parameters was carried
out by using the Ziegler-Nichols method. The step response
obtained has about a 20% overshoot for a fixed time delay.

Next a fuzzy logic control law was set up where F (e,
De), the output of the FLC for the kth sampling interval,
replaces f (e, De) in the incremental controller described in

(1). The rules and membership functions of the FLC were
developed using an intuitive understanding of what a PI
controller does for a fixed delay on a first order system. They
generalized what a PI controller does for each combination
of e and De in 12 rules as shown in Table 1.

Fig. 3: Fuzzy Membership Functions

Table 1
FLC Control Rules

∆e

NL NM NS NO PO PS PM PL

NL NL

NM NM PS

NS NM PS

e NO NO

PO PO

PS NS PM

PM NS PM

PL PL

The design strategy for the second layer of rules is based
on two different aspects of tracking performance, i.e. rise
time and overshoot calculated from (e, De). The second layer
rules are listed in Table 2.

Table 2
FLC Output Adjustment

Rise time rules if tracking is Overshoot rules if overshoot
L1 then adjust is L2  is L3 then adjust is L4

L1 L2 L3 L4

SS PS L NL

MS PM M NM

VS PL S NS

4. SOFTWARE SIMULATION

The FLC developed above was simulated for the tank
temperature control system shown below in Fig. 4. [4, 5]

Fig. 4: Tank Temperature Control

The transfer function for the tank temperature control
problem in Figure 4 is given by:
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Where Te = tank temperature; Tec = temperature at exit
of mixing valve. More details of this problem can be found
in [4].

According to first equation of this paper, in this paper we
changed the output fuzzy controller of Thomas Thesis from
U to ∆u as it was shown in next figure. Furthermore, for dealing
with the huge oscillations of system response we applied a
smaller limit for membership function. Finally, since the rules
of second layer lead to incorrect system respond, we add two
new inputs with 6 rules of second layer to it as it follows:

Fig. 5: Final Fuzzy Controller

5. SIMULATION RESULTS

After implementing this model in MATLAB software and
comparison between FLC and PID controller, it can be
concluded that FLC performance is acceptable.

Fig. 6: PID Graph

Fig. 7: FLC Graph
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6. CONCLUSION

Unlike some fuzzy controllers with hundreds, or even
thousands, of rules running on dedicated computer systems,
a unique FLC using a small number of rules and straight-
forward implementation is proposed to solve a class of
temperature control problems with unknown dynamics or
variable time delays commonly found in industry.
Additionally, the FLC can be easily programmed into many
currently available industrial process controllers. The FLC
was first simulated on a tank temperature control problem
with promising results. Then, it was applied to an entirely
different industrial temperature apparatus. The results show
significant improvement in maintaining performance and
stability over the widely used PID and SPC design method
After implementing this model in MATLAB software and
comparison between FLC and PID controller, it can be
concluded that  FLC performance is acceptable.
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