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Level Control of Water Tank Systems using
Fuzzy-PID Controller

Sang-Heon Lee

Department of Naval Study, Graduate School

Korea Maritime and Ocean University

Abstract

Even though lots of the modern control theories are developed, the
PID control is the most widely used in real industrial field which is
familiar to control engineer. It offers satisfactory control performance in
most case of industrial applications.

However, traditional PID control has fixed gain for particular operating
conditions, thus the conventional wunique PID strategy would be
unsatisfactory when the system parameters have changed due to the
change of operating condition, aging, etc. of the controlled plants. The
author, therefore, propose a fuzzy—-PID controller which combines PID
control and fuzzy technique to obtain the good performance of water
level control system on the whole operating range.

To combine the PID controller with fuzzy logic, at first, the sub—PID
controller is designed at each water level, whose parameters are
adjusted using trial and error. Then fuzzy "If ~Then" rules combine the
sub—PID controllers as a consequence part.

Finally, the effectiveness of the proposed fuzzy-PID controller is

verified through computer simulation.
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Qi*_ T—an+ Tau .
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Fig. 2.2 Block diagram of the linearized plant
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x = Ax+Bu (2.8)

0 1 0
A= R,A+T,) | B=| Rk, |, C=[1 0]
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Fig. 2.3 Block diagram of water level control system
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Table 2.1. Specifications of tank system

Parameters | Operating water level[cm] Time constant Gain
sub-MD1 4 63.8 0.322
sub-MD2 8 120.3 0.61
sub-MD3 12 176 0.89

Table 2.19] #& W3t AojllE e WAty G & 4 x99 A G =
U 2o
sub-MD1(4cm ®2) G, = % G, = %
sub-MD2(8cm E9) G, = % G = % (2.9)
sub-MD3(12cm R %) G, = % G, = %



H3% HX|-PID ®Mol7] A
3.1 PID Al¢]

T4 A|2=ES Aostr] {8 7HE gl o] 8Hal 9lE PID Aol Hagky
I =939 oo s W] d(Proportional), A F(Integral) % W&

(Derivative)S E3dte] 43 A|Yge u s F3t= ot

]

b

upldepe+KiJ edt + K, if (3.1)

@ oew 22T, u, v Z27IEHES AloldE, K, = AlEels, K= F &0
5, K & el Sl
webd $ish 2o PID Alo) /o] HEe

& o] A B FalAE ol5e) 2]
of wpet B4o] A DAAD, 7 Ao E2te] EHE T} (7]

3.1.1 Aloj5& 54
O H#EE2HP)

vl ez 2 (3.2)9F o] Hxzm dAl E= o] Aol At wj ol
5 K, & w3t Alo7] 298 we

oldith Fig. 3.13 #o] Aoj7] &9

AWt 1ol el 222 A 7]9ke] H]E W] (PB, Proportional Band)

gtal s PBe| A7]o| wmel Alojr]e] Wity A S dlddlE 100%

o] &9 WiglE wrEo] W& de 28 JEise] wslsE %= Uehlle gk
o]t}

u, =K etu, (3.2)

100
PB = ] (3.3)
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Fig. 3.3 Derivative control action
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Fig. 3.4 Proportional-Integral control action
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® PD Ao} (Proportional-Derivative control)
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o1 A

Fig. 3.7 J9]e] Alxdl] disle] PI Aloi7]e] 7z} geju|eE WA ol w2

AzE g 54S ehla Qe

No Reset Increasing Reset Fast Reset
(Small Repts/Min) (Integral) Action (More Repts/Min)
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o —

T D N
=

N——"
v /
High Gain /\\/
(Narrow /
PB) — —

Fig. 3.7 PI control response characteristics
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R(s) E(s) PID U(s) Y(s)
> Plant >
+ Controller

Fig. 3.8 Block diagram of PID control system

gebd AolgAel Ase s AL o Al A AmEE 44
3 z4aoof s},

3.1.3 &z A&¥9] PID #|o]7] whu]E

U
-

Fxo] A 2Ee F947F 4em, 8cm, 12cme] A/ FE A R sglar
olo tha Ay 27l JehAi 7+ 4B RE(sub-MDi)EE sub-PIDi
Alo715 ztzt AAskAL, ©]E sub-PIDi Ale]7]& 7]uto . thg FelA AdH
& AAZIES D8sto] Fx A" A&tz

7} sub-MDi¢] FH=S Z24d3sl7] 93 sub-PIDi Alo]7]1¢] webulE = A&t

Table 3.1. Specifications of parameter for PID controller

Parameter Gain Sub-PID

Sub-model
K, K, Ky controller
sub—-MDI 9.5 0.08 18.2 sub-PID1
sub-MD2 6.5 0.04 12.7 sub-PID2
sub-MD3 5.9 0.03 10.5 sub—PID3
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3.2 ¥ A o] &

HAo] B2 A7te] Aol B Ataret #EE o wiFH(fuzziness)S FEAO®
AT 7 A FHE 7HAAL Ak oA AT Al =y AlAERT A4

AA S A (approximate)o] i 778 243k 4 A (inexact nature)w E k=]

HA Ao} Al2glo] A2 Ql H-F+= Fig. 3.99F o] dEgks dojuef o
%ﬂ% A&k o 2 vbt= B A3l E-(fuzzification interface), A “If-then”
1S AAsty HAFHEEe] ALEd(membership  function)E A 3t= A

2w o] ~ 8- (knowledge base), HA| A H|o]|~E 7HA 1 FES sk H A
FEF(inference engine), FEol| ol Ao HAAEHE g FHjS=E vt
3

o] F= ]Jﬂxlﬁlrj*(defuszlcanon interface) &
¥

oT\“i_‘IJ

.63
L
B
\l
N
o,
&
X
N
N
i
o
o
B
b

Fuzzy logic controller

Knowledge base
Data Rule
Reference 4+ _ Crisp base base tpu_t}
— value value
Fuzzification | FY22Y [ Inference F“ZZV’ Defuzzification
Interface | value engine | value Interface

Fig. 3.9 Basic structure of a fuzzy logic controller

_16_



Premise (A x is A’
Implication (++3&) If x is A then z is C (3.9

Consequence (&) : z is C’

A7IA, x, zv= HAWFo|H, A9k A', C 9 C'e= 27 d4d3 HA 7L
Z A'E Ad Mg C'E C o 7MAthE AL ugit

olgf ge WMAFEe olgE: Wid: AgHE d Aed wel

Mamdaniol] 23+ FEWI[8], Larsend] 9|3+ FEH[9], Mizmotto ol ¢3t
W

ZFE[10], Takagi®t Sugenod] 93+ FEWH[11] So] AUrt

 =EoAE o] FllA Takagi-Sugeno® FEWH S AREETH o] WY
Zy qt=e] 8ol Yg-Ege APAola HAHQ FHL2 7t FF gigt &4
o] 7hsHd o2 o]FojZt} oju ALE-¥ = HA A2 vy Zrt

R': If x,is A;; and x5 is A,; and - and x, is A, (3.10)

then z; = f; (X;,Xo, " ,X,)

714, R (i =1,2,--,r )&= iHA Ao]qtHola, re 22 0]
A (G=12,-n)E 05 AAZ[RH, z; = FAF7F HEG ol

Fig. 3.10& Takagi-Sugeno?] ol <3t 29

W Aotk ZF HAX Al 2o A= b AR A& XA “min” AL

T “product” A4HS st F5kar, A (3.11D)3F o] o & 7w H
[e3]

L E— (3.11)
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Control input
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Inference process of the Takagi—-Sugeno method

Fig. 3.10
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33 HA »d3

714 2314 B4 (Uem, Sem, 12em £9) MR ol 3749 AYw
9e WAAGSE el dal Toprslz wl

oyl HAEHA PANEE RO FAFFIT, AARTO] AgH A
AEFF FLEL PP 247 £2o) £98 stk o8 gelats] 9aA

4 (3.12)¢F 22 7H-2(Gauss) s AHESI e, 2 RY2 Fig. 3.113%

1 9 y<m1
Fl(y)= NN (3.12a)
exp(- L) vz,
1
8 2
F(5) = exp (- L2 ) @120
2
\% 2
[ eXp(—M) , VY= my
Fi(y) = 2(03) (3.120)
1 ) y>m3
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If yis F?, then x(t)=A3% x(t)+B? u(t) (3.13¢)
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3.4 HA-PID A°]7]9] AA

HA-PID Ao1715 A7) s WA g2 Al=Re] QA 59 99
58S dElle ARES eta, b &4l sl sub-PIDi Ale]7]
(i=1,2,3)5 AP s T3 dAG

oAl ¢z AlRle] 9l7F WSkl we PID Alo}r]e] wetn|E v WM
=% sub-PIDi(i=1,2,3) #o17] £¥& HAZAF ) webA o] 5% “If-then”

FHoE ATE F Uxm, AARDLS FHE P FUS Takagi-

t
R!:If vy is F', then u'(t) = Kée(t)—#Kfj e(t)dt +K} de(t) (3.16a)
0

dt
2 . 2 2 2 2 X 2 de()
R*:1If y is F*, then u*(t) = er(t)—FKIj e(t)dt + K i (3.16b)
0
3 : 3 3 3 3 ‘ 3 de()
R®:If v is F* then u'(t) = Kie() + K | e(t)dt+K3 2 3160
0

—_

R'9} Fi(1=1,2,3) 27 iwA sA5+33 837 235 ofvls)
Qg BEe wA mEge] ALgH =

K
u' () 1WA R i sub-PIDi Alo}7]e] E¥olx, KL, Ki, K & 27
|

imA F2o] g sub-PIDi Alo]7]9] ul#o]S, HHo|= uio]Solt),
kAl HA-PID Alo}7]9] &9 vt o] FEHT
3
Dipu'(t)
u(t)=—3— (3.17)

A71M, p (i =1,2,3) i WA 29 7led=E YeniH, 4] (3.18)7 o]
ArkE o

o =Fi(y) (3.18)
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Fig. 4.1 Step responses for sub-MD1 using sub-PID1 controller
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Fig. 4.10 Step responses for fuzzy—-model using fuzzy-PID controller
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