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ABSTRACT

This paper presents a qualitative control of adf adjusting their set of rules, copes very well wiile
mixer, which is a non-linear planthe mixer has a coupling between variableln this work, thi method
inputs two fluids of the resulting mi. The control of using separate fuzzy controllers is employedh:
system consists of two indendent fuzz controllers the purpose of véying whether this strategy

which are responsible for maintaining the wateel:
at a given height and for adjusting the color of
fluid in the mixing tank.The main points studieare
response when the desired color is changed and
the output flow change&imulation results show th
approach of using two independent control with
simple rule-bases,can give good resul The
simulation of fuzzy logic controller for a flu mixing
system using MATLAB Simulink and MAT LAB
Fuzzy Logic Toolbox.The Centroid (MAMDANI)
method and center of gravity singleton method
defuzzification will be used in the inference erasg

Key words: Fluid Mixing Process, Fuzzy Logic
Controller, MATLAB simulation, MATLAB Fuzzy
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l. INTRODUCTION
Ordinary fuzzy controllers have been successt
applied to a variety of plants since the pionee

works of MANDANI and collaborator In the case of

multivariable processefie natural methocan be to
consider as rules experiences all the controlleuts
which raise in number as the number of des
outputs, or reference inputs, develt This would
certainly make the process of designing the co
strategy, or rule —base, a more comme. [1]On the
other handif independent controllers are used sim|
and the control strategy develops potentially n
reliable. In this case of robot control through
learning fuzzy controller, it has been presenteat
the use of independent contess for each link cal
provide good results. That ighe controller, by

satisfactory.

. DESCRIPTION OF THE PLANT

In the fluid mixing process, there are two auxili
tanks as shown in Figurel.The first auxiliary ti
contains colored wateC;, while the second or
comprises clear wat€,. Two valves control the inpt
flow g to the mixing tanks which contains mix
liquid Cy that controlled the output flowg,and g
from the auxiliary tanks. [2]

1

Figurel. A Fluid Mixel

qo

The output flowqo is taken as a disturbance, has
colorationc of the resulting mix and is a function
the output pipe crossectionab, of the liquid levelh
in the mixing tank and of a consteCd associated to
the shape and material of the output |
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In order to make simpler the simulation, it hasrbedy using (3) in (1):
supposed that: dh _ _Cd.ab.y2¢h g 4)
» The auxiliary tanks always contain sufficient d S S

liquid for the process to keep on running.

The time required to get a constant mixture i-ghe mixing process is modeled by:

>

ignored. o é(q1+ 9, = o) (5)
» The time delays associated to the fluid flow in the d(c,.S.h) dh de (6)

H H €0, = Couly = — 22—+ =8(C.——+h )

pipes are ignored. dt dt dt
» The dynamics of the input valves are ignored.

The following equations model the plant, By combining (5) and (6):

3.1
G-g,= % =s & CNUS (1) Lo - (e, - oo(a + 02) (7)
q=q,+q,CMs" 2

Equations (4) and (7) designate the system’s
Taking into concern the dynamics of the output galv dynamics; h and c0 are the variables to be usdbey
4, = Cd ab TG ons?t 3) controlling system.

The mixing tank properties and values used are as

Where, specified in Table 1. [3]

g = the gravity acceleration,
V= the volume of liquid and
S=the area of the liquid surface in the mixing tank

Tablel. Mixing process variables and values

Co Colorations(no unit) Variable
C; Colorations(no unit) 1

Cy Colorations(no unit) 0

q Input flow(cnTs™) Variable
Q1,0 Output flows from the mixing tanks(cist) Variable
o Output flow from the mixing tank (crg”) Variable

h Liquid level in the mixing tank Variable
hink Initial liquid level in the mixing tank (cm) 5
Pmas Maximum allowable height of water in tank(cm) 100
ab Output pipe cross-section (m 0.1

S Area of the liquid surface in the mixing tank(©m 3600
Cq Constant related to the shape and material of uh@ub pipe. 3

g Gravity acceleration(criy 980

[11.  FUZZY LOGIC CONTROL SYSTEM Defuzzification:

In the FLC controller, there are three main pamshs Converting all the fuzzy terms created by the rule
as Fuzzification, Fuzzy Logic Rule Base anBlase of the controller to crisp terms (numerical
Defuzzification. Figure 2 shows the block diagram ovalues)

FLC with a Fluid Mixing Process.

r——————————— |

e . Inpid | |
FUZZIfIC&tIOﬂ Fammainme | R e R | v :l:r::rb
Converting the physical values of the current pssce | 1™ [ : e
signal, the error signal. b e = ——— [
Rule-Base:
A group of rules may use several variables botén  Figyre2. Block Diagram of FLC with a Fluid Mixing
condition and the conclusion of the rules. Process.
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For an sample, study a simple system where eaeh rBl Height Control

involves two experiences and one resultant .A fuzay design of height controller, fuzzy séts Z, L are
system with two non-interactive inputs; xand assigned toEh and N ,Z, P are assigned to r as
Xo(experiences)and a single output y(resultant) aspecified in Figure 8 and Figure 9 respectivelye Th
described by a collection n of n linguistic if-theroutputqg represents by fuzzy seatkose fast, close low,
propositions. no change, open low and open fast illustrated in
Figure 10. Where:

H=High N=Negative

Z=Zero Z=Zero

L=Low P =Positive

IFx1 is A and % is A% THEN y®is B®),
k=1, 2..., n.

(8)

Where A® and A®are fuzzy sets representing the
K" antecedent pairs and B are the fuzzy sets

representing the "k resultant. Created on the
MAMDANI implication method inference, and for a
set of disjunctive rules, the accumulated outputtie

n rules will be given by,

ue™(y)=Max-Min[uA,“(input),pA“(input())] (9)

Since the process needs at its input non-fuzzyegalu
the controller output fuzzy set must be defuzzified
the result being a value p. In the fluid mixing qess

FIS Editor: fluid
File Edit  View

[E=R(EaE ==

fluid

(mamdani}

| FIS Name: fluicl

FIS Type:

Ancl methoc
Or method
Implication
Aggregation

Defuzzitication

centroid

Current Variable
hame
Type

Range

.y 58 2§ 1

[—

| Opening Membership Function Editor

under concern, the FLC controller controls both theFigure 3.FIS Editor of Fuzzy Logic Controller for
color control

output colorationCy and the liquid height in the

mixing tank at desired set point. The fuzzy comérol
has three input&c, DEc and Eh and two outputs)

andqr.

A. Coloration Control
The numerical information needed by the control
system in order to attain those goal line is sethey
coloration error Ec and the change of error DEc and
the height error, it is more suitable to choosewput
variable the total flow g and the proportion grtbé
colored water in the flow, defined as:
_ ql

_ (10)
A a, + d,

Bl Membership Function Editor: fuid

File  Edit  View

FIS Variables

[E=N BB =5

Membership function plots  RICT poirts:

181

N z P

/X

DEc

A

input variable "Ec”

Current Variable
Name Ec
Type input
Range [-020.2]

Display Rangs 0202

Current Membershin Function (click on MF o select)
Nams N

T trapmf

Params [-0.289 -0.23 -0.02593 0.000529]

Close

Ready

Figure4. Membership function Editor of FLC for Ec

Table3 shows the fuzzy logic rule base for height

In design of color controller, fuzzy sets N, Z, R a control for a fluid mixing process.

assigned té&c andDEcas specified in Figure 5 and 6.
Where:N: Negative

Z Zero FIS Variables - - : 181
P : Positive E

Table2 shows the fuzzy logic rule base for color
control for a fluid mixing process. There are three
linguistic variables and 9 rules are used for color
control. In the coloration controller, fuzzy sé<,P
are used for Ec and DEc, while fuzzy detd, H are
used for the controller output qr as specified Hogirt
membership functions shown in figure 4,5 and 6
respectively.

Membership Function Editor: fluid
File Edit View

(B[ ER) | =)

Membership function plots  pIot points:

DEc

|

input variable "DEc”

Current Variahle

Mame DEc

Trie input
Range [-0.1 0.1]

Display Range 0.1 0.1]

Currert Membership Function (click an MF to select)
Name N

Type trapmf

Params [-0.137 -0.1 -0.0124 -0.0007937]

Help

Close

Selected variakle "DEc"

Figure5. Membership function Editor of FLC for DEc
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DEc

=]

output variable “qr”

Membership Function Editor: fluid =n|EoE =
File Edit view
FIS Variables Membership function piots  Rlot points: 181
L ] H

Current arlable Current Membership Function (elick on MF to select)

Name ar e L

TFoe Gt Ty trapmf -
Params [-0.36 -0.04 0.107 0.5066]

Range 10 11

Display Range o1 | Help Close | |

Selected variable "gr

Figure6. Membership function Editor of FLC for gr

Table 2: Rule Base for Color Control

O|lo(Nlo|g~ W N
TINIZ|TIN|Z2|T|INZ
Tl U TUIN|IN|N|Z[Z|Z2
T T Z | C|Zr|r

Table 3: Rule Base for Color Control

- | no change
- open fast
close fast
P | close low
N | open low

QB WIN -
NN N

B 15 Eitor: tevetz s
File Edit View
level2
Eh
2§ ?S / {mamdan)
q
-
| FIS Name: level2 FIS Type: mamdani ‘
And method prod - Current Yariable
Marme
Or method probor - En
Implication p— il e
Range -1 1]
Aggregetion max -
Detuzzitication centroid - | Help Close ‘ ‘
Opening Membershin Function Editor ‘

Figure7. FIS Editor of Fuzzy Logic Controller for

color control
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Figure8. Membership function Editor of FLC for Eh

Membership Function Editor: level2
File. Edit View

FIS Variables
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Figure9. Membership function Editor of FLC for r

Membership Function Editor: level2
File  Edit View

FIS Wariables

(===

Membership function plots  Plot points; 181
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o
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Figure10. Membership function Editor of FLC for q

V.

SIMULATION RESULT OF FUZZY

LOGIC CONTROLLER
The result of the simulation of fuzzy logic basdd o
color control for fluid mixing process as shown in
Figure 11.The desired color is defined by fuzzyidog
between 0 and 1.There are two input and one output

controller is used to
two FLC inputs Ec

achieve desired coloratione T
and DEc are 0.Z2P), 0(2)

respectively. The result of the simulation of fuzzy
logic based of height control for fluid mixing pess

as shown in Figure

15.There are two input and one

output controller is used to achieve desired height

The two FLC inputsEh and r

are 0.22), O
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respectively. The outputs of controllegs and g are

r T
B surface viewer: fluid o =] = [

0.8199H) and 0.028nho change).Figure 12 and 16
show the checking with MATLAB command box for
FLC respectively. The rule viewer of FLC as shown
in Figurel3 and 17 whereas the surface viewer ¢
FLC for simulation results as shown in Figurel4 ang
18 respectively. Design system has flexibility &sidy

Fie Edit View Options

adjust the input and output parameters according t

£ - tinputy DEc - | Z toutputy = =

15 Y oricts: 15

|F'°‘ peints: qpq || Help Close | |

the mixture requirement. o
|RBf Input;
B Modng * :I@"j"ﬂ J o

File Edit View Simulation Format Tools Help

DSHE| s BB 2 0> af o =l #igure14. Surface viewer of FLC fE—C,DEC, andqgr

W neighe - b= ]
File Edit View Simulation Format Tools Help
O & | 2 B i = 2] > Is Normal ~1| L

L

Fuzzy Logic o
Controller

h 4

i:

DEc
with Ruleviewer

Ready

-En
/Y
O " Fom oo -

100% lodeds

Figure11.Checking with MATLAB SIMULINK for
color control

Ready 0% oiets Figurel5.Checking with MATLAB SIMULINK for

height control
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Figurel2.Checking with MATLAB Command Box
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Figurel3.Rule Viewer of FLC for color control L Figurel7.Rule Viewer of FLC for height control
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V. CONCLUSION
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process and it is widely used in
applications.
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