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Design of a Robust Water Level Controller for

Coupled Tank System Using Fuzzy Gain Scheduling
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Design of a Robust Water Level Controller for Coupled
Tank System Using Fuzzy Gain Scheduling Method

Young—-Su Kim

Department of Marine Engineering, Graduate School of Maritime

Industrial Studies, Korea Maritime 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 unique 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
Fuzzy Gain Scheduling strategy, which changes the controller parameters
for operating condition variation, could be a solution of these problems.

Water level control systems are applied to the many industrial plants
like chemical reaction process, but it is known very difficult to control
precisely the tank level without any overflow and shortage; Because of
its complicate dynamic characteristics, it's impossible to realize the
accurate control using the mathematical model which can be applied to

the various operation modes.

In this paper, the author designed the PID controller for the various

operating conditions like different water level points and different



magnitude of step change, and verified the performance of these
controllers by experiments as well as simulations. It is noticed that the
PID controller with fixed gains does not meet the requirements of
control performance with large overshoot or late convergence, with
varying the magnitude of step change. To improve this problem, three
kinds of PID gain were scheduled under Fuzzy Gain Scheduling strategy
and simulated and experimented under those operating conditions.

The Fuzzy gain scheduled PID controller made satisfactory
performance which fixed gain PID controller couldn't make to the

various magnitude of step change command.
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Fig. 2.1 Coupled tank water level system
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Table 2.1. Specifications of coupled tank system

Parameters Specifications Values
Tank 1 Cross Sectional Area 9,350 [cm”]
Tank 2 Cross Sectional Area 9,350 [cm?]
Valve 1, 2 Orifice Area 78.5 [cm”]
.. Sensors Output 0 7 10 [V]
Liquid Level Level Scales 0 = 25 [cml]
Sensors Output 0~ 10 [V]
Pump Flow Sensors Max. 73.33

Flow Rates

[cm®/sec]

_/l‘_.
&0kl Table 2.2 3 Fig. 259 22 A4S AUt FFAA 3 2709 F944l

A Ege BE 0~10Vel AgAe #AR A ey

Table 2.2 Resistances of valves

Hi-Hs R1 Hy R

1.373 0.046 0.270 0.009
1.493 0.047 2.530 0.079
1.631 0.048 4.872 0.144
1.785 0.050 7.297 0.205
1.958 0.052 9.805 0.262
2.147 0.055 12.394 0.316
2.354 0.057 15.067 0.367
2.578 0.060 17.821 0.416
2.819 0.063 20.659 0.462
3.077 0.066 23.578 0.507
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Fig. 2.5 Resistance of valves from steady state experiment
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Fig. 3.2 Integral control action
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Table 3.1 First method of Ziegler—Nichols tuning rule

Type of Controller Kp T; Ty
P T/KL oo 0
PI 0.9T/KL 0.3/L 0
PID 1.2T/KL 2L 0.5L
® TAZEY (Ziegler-Nichols #2494

3 )
Hlgol 5 K 7F S7teted me 3o Mes dov|= Al&Hd 483

+

= PO, BR)NA A5 vBe|5S BE 00w o] udAofut
o® ATE A2 FAste] HdlelEe A F/AA AU W LA S
99 $9e FEh waolSe] FANbEA B4 o5 AHAA A2y

= 9
99k 2ol A&AA AES oA & W, o] W) A=

3
K% A%7] P,% Bste] PID Aloj7le] setulEg AxstA wc

Fig.3.9 Reaction curve and ultimate period
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Table 3.2 Second method of Ziegler—Nichols tuning rule

Type of Controller Kp T; Ty
P 0.5K,, 0o 0
PI 045K, 0.833 P, 0
PID 0.6K,, 0.5P, 0.125P,,

EWE] Ziegler-Nichols x2S A& A AdgHAA oF 10%-
60%<] Hdl LHFEE HolH, @ ZWE HE3 AFARES T
HAY oW FES °oF 269 ALo|th. webA, Ziegler-Nichols §x o] 1 2
Aot 32 oy, PID IHetrg o] tist AHe 5

I Adagt Fxo AAEES Agettal Bolof & Flojth
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e
r>~1
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ot T
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il
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FAFH 2AFES et gol AoEth rol xulel & WP
AS zulel 9= HAAG cstel o7 MABAlL, A7F xHlel A

A Qo ehd theah Be “sup—+" FHTH FEo| Fojzth

C=A -R={(z,C (2)]ze2}
(3.12)

C (2) = supyex{A (x)*R(x,2))}

[e)

e L, A A Al S

fRofo A HE ALLEHE AMAE “4"E “min” =X “product” GAMRE A}

(312014 715 “’ “sup-+” FAANAE

£3tE “sup-min” ¥ “sup-product” AkR}Fo] T}

Premise(A}2) : x 1S A
Implication(7F3) : If xis A then z is C
Consequence(Z2&) B K (3.13)

27y AA3 AAA

ANA  x, g AAEFOIH,ASk A% sk cE A7 A
# xe x. zs zoINE FARFeIL, A acl AR cE C
of 7T HAFE gL 19 ehlE B Fig 3.11% 2k

A' Cl
— Fuzzy implication A = C >
Premise Consequence

Fig. 3.11 Fuzzy inference
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i 2 x,is A, and x,is A,
Al oy 72
IQ1 : If X1 is Al,l and X9 is AZ,I then z= Cl also
R2 : If X1 is AI,Z and X9 is A2‘2 then z = C2 also
Ri : If X1 is Al,i and X9 is A2,i then z = Ci also

R': Ifx;is Aj,and x,is Ay, then z=C,

= = z=C’

H7i=e] oleo] ofd WA FA Rie (3.9)% o] HAEAL Agate] 1}

B 4 oglon, MAZAL UE BRF  x,xX,z0 AABARA el
% Sl
Ri = Al,i and AZ,i =4 Ci (314)

“also”E PRI Y)LR NN HAA FHES AA HAAA
=

R = R!' also R? also - also R' also - also R’
- UR (3.15)

1

- iL:Jl[(Al'i and AZ,i):>Ci]
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Hap AR A5 WA w W, W, Wee 998 25AEE U
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Fig. 3.12 Inference process of fuzzy inference method 1
@ F84H 2
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Fig. 3.13 Inference process of fuzzy inference method 2
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Fig. 3.17 Tuning of PID controller parameters

Table 3.3 Parameter values of PID controller for various water level

Water level(cm) K, K; Ky
6 6.1 0.02 7
10 5.7 0.015 6.7
14 5.3 0.015 7.1
18 4.9 0.012 3.1
22 4.6 0.012 9.2

Table 3.4 Parameters of PID controller for various step input magnitude

Step change Kp K; Ky
4 5.3 0.015 7.1
8 4.5 0.009 5
12 3.8 0.006 3
16 3 0.0045 0
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Fig. 3.19 Scheme of fuzzy gain scheduled PID controller
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Fig. 4.1 Step responses of increasing step input using low-level controller
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Fig. 4.2 Step responses of increasing step input using mid-level controller
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Fig. 4.3 Step responses of increasing step input using high-level controller
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Fig. 4.4 Step responses of decreasing step input using mid-level controller
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Fig. 4.5 Responses for various increasing step inputs
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Table 5.1 Specification of coupled tank system
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