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Level Control of 3-Water Tank Systems Using Fuzzy Gain Scheduling
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Abstract

In this paper, a technique combining fuzzy gain scheduling with conventional PID control is
presented for level control of a 3-water tank system. The proposed controller is implemented
using a set of “if-then” fuzzy rules, which are of Sugeno-Tagaki’s form. The parameters of both
premise and consequence parts are tuned based on expert’s experience and knowledge regarding
the system on several operating conditions. Simulation results demonstrate the performance of the
proposed method.
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PIDAY171& AASAY oA bF o dojus $8F A F9 shbe Aojuidel &30
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Q oz Fusdd AA, A=SHY Fol AvH-4l AA RN &4 e WL
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PIDA) 7] A4S zAsE EAE AEIGE=Y, 97 AFSe 58 o4 ox19 #Hien
A= oA EF HYdA APFHog HWAHADG. 53] FEYLALY £, A L&
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A48 Setelee o 2o,

Q, Qo Qs Qu: #1, 42 #3 529 #¢ & 7% FF [m¥/sec]
Hi, Hy, Hs : #1, #2, #3 $29] 9] [m)
Sy, Sy, S3: #1, #2, #3 £29) @AH [mf]
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$,-Gt+ = (Psen(H, — H,)/ ZglFL, — Fy|— P, 3 W

S; dgz =(Qq4 _stgﬂ(Hz—Hl)V 2g|H2 —H, —P3sgn(H2—H3)\/ 2g|H2_H3|) 2
dH

Sy—g = (Pysgn(H, — Hy)V 2e/H, — Hy)) 3)

9471M sgn(x)=1 (x>0), sgn(x)=-1 (x<0)o|t}. B M@y qYNzo| o) fr&F Alole] A
T OS WA R EAF

dQ,

N

="'Q4+ Kvll (4)

A71M K&} T 44 A8 B 9 Aol S[m’/sec VIF XA 4[sec]= 93},
A (DDA FNHFE o7 o] Ho3id
x;=H,, xo=H,, x3=Hj, x,=Q, (5)
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x.zz—élz(L:—PzSgn(Xz—xl)Vv 2glx, — x| — Pysgn(x; — x3)V 2glx, — x3l) @
)(.3=?13(P3sgn(x2—xg)m) ®
. K,

x4=__’%_vx4+ Tru )
y=x, (10)

Nzl o= @ BAEN AN £¥8R A 1-@ad St =g S Ll
B o A A YR o WY F9, §F, YRGS 247 Hiy, Hy, Hy, Qls, b,
Q. Qlo, ubZ ST PR AW G A B¢ + U Ao Hy o B o)
A REL ABHoz FHAG,

Hlp = [1+(54)1Hiy an

Hiy=Hy (12)

Qlo=Qn=Qlp=P,V 2gH}, (13)

Q=0 (14)

up= %\/ 2gH!, (15)
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R:Xf v is F, then u'(t)=Khbe(t) +Ki [[e(0dt +Kb-28) (1<i<p) 16)

4714 R'e idAe) 74, ye ARdsas A2dy 28 Fe dro HAAH, ne Ao
TG £ £ £ u(DE 94 PDAYIY) 8o, Kb, Ki, KhE Aol7)9) Ha), =g
R Aot 9 A4S AAFEsE e 2L 3F 298 de S 9o

p'ui(t)
u(t) =—"""5—
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4714 p'= F(y)E if4 789 7deE Yyehag,
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FH A48 gy Aoji e AAZE A e go] ARAA 845 AT 1979
Agg42 FAEL

Y(s) _ Ke™ls
U(s) ~ 1+4Ts (18)
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Table 1 Z-No| nt=Setol 2|8t PIDHOI7|2} & W&

H of 7| Ke Ti To
PID 1.2T/KL 2L 05L

V. AlEajo]M

Agkd WA Aol7)) A setsr] At AL ANSHAL. ASE B A2
SeEHE B 29 2.

Table 2 Alg2llo|Mdof] AZE =2tolgf

o} 2t.0] & & o 4
Sy 0.02 [m’]
S2 0.785 % 10° [m?)
Ss 0.785% 10° (m)
Py 0.314159 x 10° (m’]
P © 0314159 % 10° m’]
P; 0.314159 x 10° [m“)
Ky 0.44x10° [m%/sec: V]
Ty 0.1 [sec]
g 9.81 [m/sec”]

NEHol Mg st APHFA 4 29 Eo1& 1dtd A ) /MPAUL, 7=
0 A FHeR 749

R If v is F', then u'(t)=Kbe() +K! [e(tiat +Kh-25
R: If y is F, then uz(t)=K%>e(t)+K¥fe(t)dt +K%—‘L)‘d%tt (19)
R Iy is ¥, then u’(t)=Ke(t) +K1 [e(t)dt +K3-45L)

waly QHIRE 39 HAARE AL EEIAc 2 HAWEL F'= Low Level, F=
Medium Level, F°= High Level®] 9Ju|E 7HA9 &2435 29S 19 33 2o
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Table 3 Sx& PIDX|0{7]9] ma}o|g

S49 | E K Ki Ko

Qi = Q= Ql = 0.76218x10°, Q)= 0

1 ) . . 159 154 40.94
Hiy = 03, Hxp = Hz = 06, u,= 1.73

Qb= Q%= Q% = 0.10779% 102, Q% = 0

2 , , 172 151 49.02
H} = 06, H} = H% = 12, u,= 245

Qb = Q%= Q)= 0.13201x10% Q%= 0

3 . 196 1.49 64.19
H} = 09, H} = H} = 18, up= 30

AR AL e $HE 7129 PIDACY] $97 vmate AEHolHE AAFUL) ol
PDA7I= £ 39 selojelg AHg3glth. 19 46 ZEXE Aoz WAY o 5 whie =
F45S vnd Re2A Z+ 23 PIDAYZL ME UE derbz 528 A9E vazg,
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°l A Fol +002[m/secle] HFE FUNIE AFL sHATh 2 YL PDACI Mz
OE SEHHE $2E A9E RAZD T by o ode) ud 298 2WsE 58S 21 g
AL I8 5AA B FAT & A%o] PDAC7)Y A9e Sy w1 Ao gt
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