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Performance Evaluation of Fuzzy Logic
Controller in Water-Bath Temperature Control
System

Naw Octavia, Myo Maung Maung, Hla Myo Tun

Abstract-This paper describes the performance evaluation of
fuzzy logic controller in Water-Bath temperature control
system using MATLAB Simulink and MATLAB Fuzzy Logic
Toolbox. The main aim is to achieve the output temperature of
the water bath system with good performance, stable, smooth
and the least overshoot as nearly as the desired set point
temperature at specified time period. This system are utilized
seven linguistic variables and 7x7 matrix rules for the fuzzy
logic control system. Gaussian membership function will be
applied in this system. The Max-min (MAMDANI) method and
center of gravity singleton method for defuzzification will be
used in the inference engines. The results of the Simulink
model with optimized efficient and good performance are
presented. The desired output temperature is received form
the water bath system when this temperature is equal with the
temperature which is initially defined in the step inputs of the
Simulink model by user.

Index Terms—Fuzzy Logic Controller, Gaussian membership
function, MATLAB Simulink, MATLAB Fuzzy Logic Toolbox.

I. INTRODUCTION

Water bath temperature control system is significant and
extremely utilized in many applications of process industries.
For example, the process industries such as Nestle, Yeoh
Hiop Seng, F&N, etc., and the production of drink products
such as chocolate drinks, strawberry milk drink, etc., are
most widely used this temperature control of water bath
system [1]. FLC is designed with 49 rules and Gaussian
membership function. Center of gravity singleton method
(COGs) is utilized to get the best accuracy of defuzzified
value. If the temperature is higher than the bestowed range,
the last outcome is poorly infected. So, it is needed to arrive
set point temperature rapidly within marked time period and
to reduce overshoot and error. Fuzzy Logic Control (FLC) is
appropriate to restrain processes that need human
knowledge.  Its first implementation to control physical
processes was proposed by MAMDANI. Then, FLC is
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received more interest due to its successful application to
significant industrial systems.

Since FLC can adjust itself to altering situations, it can
outperform conventional PI controllers for unstable
dynamics and nonlinear system. In contract to model-based
controllers, FLC is known as knowledge based controllers,
that does not require a mathematical model of the process at
any stage of the controller design and implementation. Since
water baths hold heat of water very well, it is employed in
industrial clinical laboratories, academic facilities, the
government research laboratories wastewater plants [4].
Water baths are utilized in the application of sample
thawing, bacteriological examinations, warming reagents
coliform determinations and microbiological assays and
microbiological laboratory for incubations [4]. Since the
benefit of Fuzzy Logic Controller is not needed mathematical
modelling, it is different with other controllers. The rules of
the fuzzy logic controller is particularly established on the
knowledge of the system conduct and the experiment
obtained by doing the control engineer.

The advantages of FLC are as follows:

» High flexibility

» High performance

» Low cost

» Low power consumption

» Low complexity

> Ability to translate imprecise knowledge of human
experts

» Easy to implement technology

» Software and hardware design implementation support

» Results are easy to transfer from product to product

> Ability to control unstable system and

» Robust controller behavior.

Fuzzy controllers are more robust because they can cover a
much wider range of operating conditions and can operate
with noise and disturbances of different nature. Developing a
fuzzy controller is cheaper than other controller to do the
same thing. Fuzzy controllers are customizable and it is
easier to understand and modify their rules, which not only
use a human operator’s strategy but also are expressed in
nature. It is easy to learn how fuzzy controller operates and
how to design and apply them to a concrete application.
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II. SYSTEM OVERVIEW

A. Water Bath Temperature Control System

Water-Bath temperature control system is many applied in
the application of processes control. The goal is to obtain the
output temperature of the water bath system is as nearly as
the desired temperature at specified time period.

Thermal

Transducer — A/D —— Computer

Stirrer

Input ——

N =i
1

Thyristor
Sensor

— Output

Water-Tank

Fig 1: Water-Bath system

The water tank, temperature sensor, heater and stirrer is
contained in the water bath system. The input of the water
tank is cold water and the output is hot water. Fig 1: shows
the schematic diagram of the Water-Bath system. The flow
rates of input and output are the same, so the water tank
volume is constant. Temperature is uniformly maintained in
the tank. Then, the state of this system will not be changed.

The dynamics of the Water-Bath temperature control
system [2] is expressed as:

ar _ F (.. o 1
dt V(TZ )+ pPVCp M

Where: T = the tank temperature
F = the flow rate
Ti= the inlet temperature
V= the volume of the tank
Q= the heat input
C ,= the specific gravity
p = the density of water
The continuous time of water bath temperature control
system is described as:
dy(t F(t Yo—-Y(t
N >

Where: t denotes the time
T= the sampling time period
Y (t) = the output temperature
F (t) = the heat flowing inward the system
YO0 = the room temperature (constant, for simplicity)
C= the system thermal capacity
R= the thermal resistance between the system
borders and surroundings.
Assuming that R and C are essentially constant.
Taking the Laplace transform of equation (2),
SY(s) = F(s) , yol(s)  ¥Y(s)
C RC RC

1 .
Leta _ Rlc , b= E and U(s) = F(s)+ ay([))(.s)
RC C RC

Y(s)(s +a) = B[ F(s) + 2212 Z(S)]

Gsy=X) b 3)
U (s) s+a

Taking the z_ transform of equation (3)
_Y(=z) bz (4)
G = =
S U(z) (z—a)(z—l)

Symbolizing by a, b as some constant values depending on R
and C, the remaining parameter can be expressed by:
Where: g =e ™7

b
b==(1—e*"
b ()
The parameters are a=1.00151x10""* and

b =8.67973x107> was obtained from the real water bath
plant [2].

Y 0.26z
D =0UG) T (z=0.9969)=—1)
G(z) = Y(2) 0.26z 4)

U(z) (22 —1.9969z + 0.9969)
Assumed that the sampling period is limited by T>= 30sec.

B. Testing the accuracy of defuzzified value

i. Checking with hand calculation using COGs method
Let error temperature = -0.8
Change of error temperature = -0.6
Error e (k) LN at (0.7) and MN a (0.3)
Derivative of error de (k) MN at (1)
According to the Table 1, the values must be plotted on the
output membership function.
1. Ife(k) is LN and de(k) is MN then the output is LN
(-0.8496)
2. Ife(k) is MN and de(k) is MN then the output is LN
(-0.8496)
By using minimum method,
M 1=min {0.7, 1} =0.7
M 2=min {0.3, 1} =0.3
The membership functions for the conclusion reached by the
rules,
A 11(x) = min {0.7, LN}
M 12(x) = min {0.3, LN}
-+ 1 1(x) =min {0.7, LN}
Calculation the £ crisp value with Center of Gravity
Singleton Method,
e D H(s)s,
D uls,)
_ (0'7 X Hiy )

0.7
_ 0.7(-0.8496)

0.7
1 =—0.8496
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From the above calculation, it is found that the Large
Negative value of the output signal. The calculated value is
-0.8486.

ii. Checking with MATLAB
>> fuzzy
>> f=readfis(‘waterbath1’)

f=

name: ‘waterbath1’
type: ‘mamdani’
andMethod: ‘min’
orMethod: ‘max’
defuzzMethod: ‘centroid’
impMethod: ‘min’
aggMethod: ‘max’
input: [1x2 struct]
output: [1x1 struct]
rule: [1x49 struct]

>> evalfis([-0.8 -0.6],1)
ans =
-0.8496

>

iii. Checking with Simulation

File Edit Wiew Simulation

O ES

Format Tools Help

-0.84965

Display

g

Fuzzy Logic

Caonstanti Controller

Fig 2: Checking with Simulink

The final value of hand calculation, check with MATLAB
and design with Simulink are equal. So, the defuzzified value
is precise and the rule base of FLC that utilize in this system
is confirmed.

III. DESIGN PROCEDURE

A. Fuzzy Logic Controller (FLC)

The two inputs and single output are designed in the FLC
to control the water temperature of the Water-Bath system.

ISSN: 2278 — 7798

The inputs of the FLC are error € and derivative of error (de)
and u is the output signal of the fuzzy logic controller. The
block diagram of FLC with Water-Bath temperature control
system is shown in Fig3.

FLC

Output
Rule U Water Y
DE | | Fuzzification — ) Defuzzification ——— Bath
=

Bae System

¥
Desired Set

Point, temp’

Fig 3: Block diagram of FLC with Water Bath Temperature
Control System

From the above Fig 3, the fuzzy logic controller contains
three parts. They are fuzzification, rule base and
defuzzification. The fuzzification is converted the crisp
values to fuzzy values. Rule base is a collection of rules to
apply in a special system. Defuzzification is transformed the
fuzzy values to non-fuzzy values (crisp values).The output of
the FLC is the control signal which is the input of the
Water-Bath temperature control system.

The Water-Bath system is produced the actual
temperature. The error temperature value is the difference
between the desired set point temperature and the actual
temperature come back as the feedback from the water bath
system. The derivative of error temperature is received by
taking the derivation of error temperature with respect of
time. This system is utilized the five GUI tools to implement
the FLC as shown in Fig 4.

I}

Inference
Membership

Function Editor

Rule Viewer

Surface Viewer

Fig 4: Five GUI Tools of Fuzzy Inference System
Fuzzy Logic Toolbox has five GUI tools to create, revise

and investigate the fuzzy inference system. They are FIS
Editor, Membership Function Editor, Rule Viewer, Surface
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Viewer and Rule Editor. The FIS Editor window of FLC is Membersnip Function Editor waierbath 1 [ = - - b B e
displayed in Fig 5. Fls EE UV
FIS Variables Membership function plots  PIot points: 181
LN MN SH ZE SP WP LP
XN '
g
de - |
F ==
FIS Editor: waterbathl_ - i & —m— —— E i i
File Edit View . 08 05 & 02z 0 0z 04 06 03
input variable "de”
XX Current Variable Current Membership Function (click on MF to select)
I
e \ waterbath1 Rane £ e SN
(mamdani} Type input Vg gaussmf v
; ; ‘; Z / — o Params [0.1274 -0.3]
u Dizplay Range E11] ‘ Help Close ‘
de
‘ FIS Name: weaterbathl FIS Type: mameani ‘ Selected variable "de" ‘
Andmetned min ~ [Jfissertieerizhie | Fig 7: Gaussian Membership Function for Change of error
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\ F — u
Fig 5: FIS Editor of FLC o
B. Membership Functions e s e

The two inputs and single output membership functions of
FLC are defined on the common range [-1, 1]. The Gaussian
membership function are used in this system. The seven
fuzzy sets are utilized with equal base and 50% overlap
between the vicinity membership functions. Therefore, the
seven fuzzy sets of FLC inputs and output are Large Negative
(LN), Medium Negative (MN), Small Negative (SN), Zero
(ZE), Small Positive (SP), Medium Positive (MP) and Large
Positive (LP). The Gaussian Membership function of inputs
and output is presented in Fig 6, 7&8.

08 06 -04 -02 0 0.2 0.4 0.6 0.8

output variable "u”

Current Variable Current Membership Function (click on MF to select)

Mame u Mame: N

Type autput Type gaussmf -
e F PRI [0.1278-0.9]

Dizplay Range 11 ‘ w ﬁ ‘

Selected variable "u" ‘

Fig 8: Gaussian Membership Function for Control Signal

Where: LN: Large Negative MN: Medium Negative

B o G S - - == SN: Small Negative  ZE:Zero
Fle Bt View SP: Small Positive MP: Medium Positive
FIS Variables Membership function plots  PIot points: 181 LP: Large POSI'[IVC
LH M El ZE sp ue Lp
N 1
e u C. Rule Base
0s 1 Tablel: Rule Base
{3
B E LN MN SN ZE SP MM LP
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input variable "e” LP ZE SP MP LP LP LP LP
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R . Matme N MP SN ZE SP MP LP LP LP
ik i o _ z SP MN SN ZE SP MP LP LP
Range v Params [0.1274 -0.9]
ey e 1) T Close | ‘ ZE LN MN SN ZE SP MP LP
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Fig 6: Gaussian Membership Function for Error
Temperature

LN LN LN LN LN MN SN ZE
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The seven linguistic variables and 49 rules are applied to
design the FLC. The rules are restrain if error temperature is
LN and derivative of error temperature is MP then control
signal is SN as shown in table 1. The rule editor of FLC is
presented in Fig 9.

[} Rule Editor: waterbath

File Edit View Options

1. If (e is LN) and (de is LP) then (u is ZE) (1)
2. If (e is LN) and (de is MP) then (u is SN) (1)
3. If (e is LN) and (de is SP) then (u is MN} (1)
4. If (e is LN) and (de is ZE) then (uis LN) (1)
5. If (e is LN) and (de is SN) then (uis LN) (1)
6. If (e is LN) and (de is MN) then (uis LN} (1}
7. If (e is LN) and (de is LN} then (u is LN) (1)
8. If (e is MN) and (de is LP) then (u is SP) (1)
9. If (e is MN) and (de is MP) then (u is ZE) (1)
10. If (e is MN) and (de is SP) then (u is SN) (1)

ancl
de is
MP
LN
MN
SP
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not

— Connection Wieight:
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@ and 1 Delete rule
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Help Close ‘
Fig 9: Rule Editor of FLC
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Fig 12: Surface Viewer of FLC
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Building the rule declarations in if-then format is
permitted by the rule editor establish on representations of
input and output changeable described with FIS Editor. The
fuzzy system can be saved, closed, opened and edited by the
menu items in the five GUI tools.

The function block parameter for FLC is displayed in Fig
10. The fuzzy inference system that serves in the fuzzy logic
toolbix has to be saved with “name.fis” file. Then, this “.fis”
file must to be inserted in fuzzy logic controller block to
simulate the tank model. So, this fuzzy block parameter is
essentially needed to send and save current fis into the
workspace by wrriting the “name.fis” in this block. After
that, the simulink model can be simulated and the results can
be controlled to reach to the desired set point by changing the
parameter values of FLC.

=ave current FIS to workspace

Workspace variahle

waterbath1

Fig 10: Function Block Parameter for FLC

IV. SIMULATION RESULT OF THE SYSTEM

The result of the Water-Bath temperature control system
was simulated by using the MATLAB Fuzzy Logic Toolbox.
The target of this system is to obtain the output temperature
of the water bath system is as nearly as the desired set point
temperature at specified time period. The Simulink model of
this system is shown in Fig 13.

Table 2
Desired Set point temperature & Specified Time Period

Desired set point Specified time period
temperature (°C) (minute)
35 0=t=30
45 30 =t =60
55 60 =t =90
65 90 =t =120
75 120 = £ = 150
85 150 = £ = 180
75 180=2 t = 210
65 210 = £ = 240
55 240 < £ = 270
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Fig 15: Output result of Water-Bath system

Fig 16: Overall Result of Water-Bath Temperature Control
System

The desired set point temperature waveform is shown by
yellow, the error waveform is expressed by meganta and the
output temperature waveform of water bath system by green
color. Eight step inputs are used in the Simulink model.
Therefore, the desired temperature is defined in this step
input blocks. The initial temperature value is set 35°C for 0 <
t <= 30 min in the first step input block. Then, 45°C for 30<t
<=60 min, 55°C for 60<t<=90 min, 657C for 90<t<=120
min, 757C for 120<t<=150 min, 85°C for 150<t<=180 min,
75%C for 180<t<=210 min, 65°C for 210<t<=240min, 55°C
for 240<t<=270 min are set in the next step blocks. It can be
seen that the FLC is operated quickly and delivered the result
depend on the requirement of user. So, the result is good
performance and the best efficiency by using COGs method
and Gaussian membership function for this system.

V. SUMMARY

This paper describes the performance evaluation of fuzzy
logic controller in Water-Bath system to control the
temperature. This system is executed through the MATLAB
Simulink and MATLAB Fuzzy Logic Toolbox. The 49 rules
and Gaussian membership function is applied to get the best
result for this system. Then, there are nine step inputs used in
the Simulink model of this system. When the desired
temperature and actual output temperature of water bath
system is compared, the result is arrived to the desired
temperature with zero error value. Although the result has a
little overshoot at the initial time of step. It is observed that
the outputs of the control system is based on the initial input
declaration.

VI. CONCLUSION

The gain parameters of FLC can be adjusted the
temperature of water bath system to achieve the output
temperature such as the desired temperature. Some gain
parameters that utilized in FLC are gain of error, derivative
of gain error and output gain, corresponding to GE=0.02,
GCE=0.02 and GU=180, respectively. This gain parameter
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values is operated to obtain the result with zero error, stable,
smooth and the least overshoot. So, the efficiency and
performance is good in this system. And then, the Simulink
model of the system is simple and easy to design and given
satisfactory.

REFERENCES

[1] Om Pralash Verma, Himanshu Gupta, “ Fuzzy Logic Based Water Bath
Temperature Control System”, International Journal of Advanced
Research in Computer Science and Software Engineering, Volume 2,
Issue 4, April 2012.

[2] Om Prakash Verma, Rajesh Singla, Rajesh Kumar, “ Intelligent
Temperature Controller for Water-Bath System”, International Journal of
Computer, Information Science and Engineering Vol:6 No0:9,2012..

[3] Melba Mary.P, Marimuthu N.S, Albert Singh. N, NCE, Anna University,
TamilNadu GCE, Colledge of Engineering , University of Kerala,
Design of Intelligent Self-Tuning Temperature Controller for Water Bath
Process” International Journal of Imaging Science and Engineering
(IJISE)

[4] Norhaslinda Hasim, Mohd Zamauri Ab Rashid, Mohd Shahrieel Mohd
Aras, Anuar Mohamed Kassim, Dr Shahrum Shah Abdullah,
Development of Fuzzy Logic Water Bath Temperature Controller using
MATLAB”, 2012 IEEE International Conference on Control System,
Computing and Engineering, 23-25 Nov.2012, Penang, Malaysia.

[5] S.Kavitha, B.Chinthamani, S.Joshibha Ponmalar,”Fuzzy Based Control
Using Lab View For Temperature Process”International Journal of
Advanced Computer Research (ISSN (print): 2249-7277 ISSN (online):
2277-7970), Volume-2 Number-4 Issue-6 December-2012.

[6] Marzuki Khalid, Rubiyah Yusof, and Omatu,”Temperature Control of a
Water Bath Process: A Comparative Study Between Neuo-control, a
Self-tuning Adaptive Control, a Generalised Predictive Control, and a
Conventional Feedback Control Approach.

[71 Shika Rao, Lini Mathew, Rahul Gupta,”Performance Comparison of
Fuzzy Logic Controller with Defferent Types of Membership Function
using MATLAB Tools.

[8] M.S.M Aras, M.F.Basar, N.Hasim, M.N.Kamaruddin,
H.I.Jaafar,”Development and Modeling of Water Tank System Using
System Identification Method”, International Journal of Engineering and
Advanced Technology (IJEAT) ISSN: 2249-8958,Volume-2, Issue-6,
August 2013

ISSN: 2278 — 7798 All Rights Reserved © 2014 IJSETR

1629



