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Design of PI Controller Using
MRAC Techniques For Couple-Tanks Process

Boonsrimuang P., Numsomran A.and Kangwanrat S.

Abstract—The typical coupled-tanks process that is TITO
plant has the difficulty in controller design because changing
of system dynamics and interacting of process. This paper
presents design methodology of auto-adjustable PI controller
using MRAC technique. The proposed method can adjust the
controller parameters in response to changes in plant and
disturbance real time by referring to the reference model that
specifies properties of the desired control system.
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[. INTRODUCTION

he control of liquid level in tanks and flow between tanks

is a basic problem in the process industries. In vital

industries such as Petro-chemical industries, Paper making
industries, Water treatment industries have the coupled tanks
processes of chemical or mixing treatment in the tanks, the
level of fluid in the tanks and interacting between tanks must
be controlled. It is essential for control system engineers to
understand how coupled tanks control systems work and how
the level control problem is solved. The problem of level
control in coupled tanks processes are system dynamics and
interacting characteristic. Many control methods such as 2-
DOF PID [1], Auto tuning PID [2], CDM [3] and Decoupling
[4] have been applied to coupled tanks processes for solveing
their problems.

This paper presents design methodology of auto-adjustable
PI controller using MRAC technique for solving the problem
of coupled tanks processes. The proposed method can adjust
the controller parameters in response to changes in plant and
disturbance real time by referring to the reference model that
specifies properties of the desired control system. Therefore,
this technique is convenient for controller design under the
requirement of the system.

The paper is organized as follows. The next section gives
details about Coupled-tank process. Section 3 explains a

MRAC technique. Section 4 explains an implementation of PI
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Controller using MRAC Technique for coupled tank process.
Section 5 shows experiment process and results. Finally,
conclusions are given in section 6.

II. CoOUPLED-TANK PROCESS

T
l

Pump 1

iPump 2

Fig.1 The Schematic of Coupled-Tank Process.

Consider the coupled-tank , two-input two-output process,
in fig.1. The target is to control water level of lower two tanks
h(0). hy(n)by the inlet water flow from two
pumps @, (f). Q,(t). The process inputs are input voltage of
two pumps #,(f). u,(¢). The balance of water level in two
tanks relates with inlet flow @, (¢). Q,(f), outlet valve ratio
Bi. 5, and connected valve ratio g, that acts on interacting

between two tanks.

The nonlinear plant equations can be obtained by mass
balance equation and Bernoulli’s law. After linearization
process, we obtain the linearlized plant equations as (1).

() k. . Ba ;?
e s Vo H,(1)
Ba | g
- = H,(t)-H(t
A 2k, -h [2:0)-5,@)]
{2/f |
() _kyy o Boa (g
R\ \ 2k, 2,0)
pa |

g
2h, i’xl[ L

A4
| M

1413



International Journal of Mechanical, Industrial and Aerospace Sciences
ISSN: 2517-9950
Vol:3, No:11, 2009

Where 4 is the cross section area of tank 1 and tank 2
(cmz) , a 1s the cross section area of outlet hole of tank 1, tank
2 and cross section area of jointed pipe between tank 1 and
tank 2 (cm®), B, is the valve ratio at the outlet of tank 1, /3,
is the valve ratio at the outlet of tank 2, S, is the valve ratio
between tank 1 and tank 2, Zl,;z are the steady-state water
level of tank 1 and tank 2, g is the gravity (cmz/s) and
ky, k, are the gain of pump 1 and pump 2 (cm® |V es).

From the linearized plant equations (1) can be transformed
to the equation as (2)

{hl (s)} _ {Gl 1(5) Glz(s)}{ul (s)} @
hy (s) Gai(s)  Gy(s) | uy(s)
Where transfer matrix G!i (s) has the value as following
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h_l,E are the steady-state water level of tank 1 and tank 2, T,
is the time constant of tank 1, 7, is the time constant of tank 2

and T, is the time constant between tank 1 and tank 2 .

III. MRAC

The block diagram in Fig. 2 shows the structure of a model-
reference adaptive control (MRAC) system that composed of

process, controller, reference model and adjustment
mechanism block
Reference Model Y
G,(s)
Controller AC]JuStment
Parameters m echan ism
u. v Y
Controller G,(s)

Fig. 2 Block diagram of a model-reference adaptive control
(MRAC) system.

.The model reference adaptive control (MRAC) Technique

is based on information y,,y,u and u_that is used for

devising a controller. The adjustment mechanism
automatically adjusts controller parameters so that the

behavior of the closed-loop control plant output (y) closely

follows that (ym)of the reference model. Parameters and

structure of reference model are specificities on base of
requirements of control performance.

The adjustment mechanism of MRAC system constructs by
adaptive control rule, called MIT rule which performs the
algorithms as following.

Tracking error

e=y,=, (5)
Form cost function
J(6) :%ez ) ©)

MIT Rule says that the time rate of change of & is roportional

to negative gradient of J . That is
do aoJ Oe

ey = ye ™)
dt 00 00

Where e denotes the model error and @is the controller

e .
parameter vector. The components of a—are the sensitivity

derivatives of the error with respect to . The parameter J is

known as the adaptation gain. The MIT rule is a gradient
scheme that aims to minimize the squared model cost function

[5].

IV. USE PI CONTROLLER USING MRAC TECHNIQUE FOR
COUPLE-TANK PROCESS

Because of the interaction between processes, the Couple-
tank control system needs the decoupling controllers to
minimize the cross coupling effects. After the decoupling
design, [4] we get 2 SISO transfer functions of plant g,;, and
g, Wwhich are used for PI controller design by MRAC

technique respectively.
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Consider a system described by 1% order model

b/(a,s+a,) . A block diagram of control system depicts in
Fig. 3.

bus+b,,

5
2
am(\s + amls + amZ
€=y, Vn X
/ &S
U, K, s+ K, b Y,
>
/s a,s+a
4

Fig. 3 structure of 1* order MRAC control system

\4

So that closed loop transfer function

YI) (S) — b(KPS+Ki) (7)
U.(s) ays’+(a +bK,)s+bK,
and
y b(K,s+K,) U .
s)= U, (s
i ays’ +(a, +bK, )s +bK, o(s) ®
From (7) and required performance of system, we obtain a
reference model
as (9).
Ym (S) bmls+bm2
=— (€))
U, (s) a,s +a,s+a,,
Apply MIT gradient rules for determining the value of PI
controller parameters K ,, K; in (10).
awK, __, Y Gl)éi v
dt Ty oK, Vo de )\ oy )| 0K,
(10)
ax . __, FHJQE @
a Tk e )\ oy ok
Where 0J/0e =¢, dg/dy =1
oY
L= bs ~[—Y J (11)
0K, a,s’+(a+bK,)s+bK, - "
oY
LA > b .[UC_YP:I (12)
0K, ays’ +(a, +bK,)s+bK,
Lo 0K, 3K, ,
From (11), (12), it obtained a—;,a—t’ as equation (13).
dK oJ bs
p:_ypiz_}/pg 2 '[_Yp:|
dt oK, a,s” +(a, +bK, ) s +bK, (13)

dk, oJ b
Loy 2oy, fu -y
dt g oK, ne a,s” +(a, +bK, )s+bK, [ ¢ pJ

A block diagram in Fig. 4 shows how MRAC technique is
implemented.
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Fig. 4 MRAC Block Diagram for Couple-Tank Process

V. EXPERIMENT & RESULTS

Referring to the parameters and the operating points of
process in table 1 and table 2, this process can be placed into
the equation (1). It will be obtained the plant transfer function
as in equation (14).

TABLE I
Process Parameters
Symbol Description Quantity
2

A(cm ) Cross section area of tank 1,2 66.25
a(cm®) .

Cross section area of outlet hole of tank 1,2 0.1963
B Valve ratio at the outlet of tank 1 0.9015
B, Valve ratio at the outlet of tank 2 0.9919
ﬁx Valve ratio between tank 1 and tank 2 0.9279

TABLE II
The operating point of process
Symbol Description Quantity
u,u,(V) Input voltage of pump 1,2 25,2
h_] Water level of tank 1 5.25
Z Water level of tank 2 2.45
3
kl (cm v S) Gain of pump 1 54
k,(cm® 1V -s
2 ) Gain of pump 2 4.8
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(G, (s) G,(s)
_G21 (s) G,, (s)
[ 0.08151s+ 0.006356 2.637x10°
(s* +0.1402 s + 0.003526)  (s* +0.1402 s +0.003526)

2.966x107° 0.07245s + 0.004507
(s2 +0.1402 s + 0.003526) (52 +0.1402 s + 0.003526)

(14)
From (14) we designed decoupling controllers D,,(s) and

D, (s) for decoupling the interaction in couple-tank process
as equation (15), (16).
Gia (5)

D, (s)=—"21

12( ) Gll (S)

2.637x10* (s* +0.1402 s +0.003526 )
= — X
(s2 +0.1402 s + 0.003526) 0.08151s+ 0.006356

_ 2.637x10°
0.08151s+0.006356

(15)
Gy, (s)

Dals)=- Gy (s)

2.966x10™ (s +0.1402s +0.003526 )
== X
(s* +0.14025 +0.003526)  0.07245s +0.004507

_2.966x10™
0.07245s +0.004507

(16)
From decoupling controllers , it obtained new plant transfer
functions as equation (17)

G 0
Gn (S) — |: nll :|
where
G
Gn” (s) =G, (S)_FHGIZ (S) =G, (S)_DZI (S)Gl2 (S)
22
0.08151
5+0.06221 (18)
G
G, (5)=G, (S)_?uGzl (5)=Gy(s)=Dy, (5) Gy (s)
11
_ 0.07245
s+0.07797 (19)
A. Simulation of Tankl Control Loop
Plant transfer function G, (s)= _0.08151
s+ 0.06221

Design PI controllers by using MRAC Technique as the
control structure in Fig.2.

From the specifies properties of the desired control system
PO.=10 % and ¢ =150, a reference model is shown in

(20

Y,(s)  s+0.0011
U,(s) s*+0.045+0.0011
B. Simulation of Tank2 Control Loop

Plant transfer function G, () = _0.07245
’ s +0.07797

Design PI controllers by using MRAC Technique as the
control structure in Fig.2.

(20)

From the specifies properties of the desired control system
P.O.=10% and ¢ =100, a reference model is shown in

ey

Y,(s)  s+0.0026
U,(s) s*+0.06s+0.0026
The test done by control the response of tankl and tank2

e2y)

control system ( 2.1108), gm0 (s)) at the set-point as the details

in table 3.
TABLE II
The operating point of process
Tank t=0s t=1500s +=3000s 1=4500 s
1 2 - 4 -
2 2 4 - -

Determining the value of PT controller parameters K ,, K, by

MRAC algorithm, we defined the value of adaptation gain
¥ as following

Tankl y, =—0.01 and 7, =—0.00003
Tank2 y, =—0.01 and y, = —0.00005

The simulation results are shown as Fig.5-Fig.9 .

(17
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Fig.6 MV from PI Controller of Tankl Control Loop
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Fig.9 Simulation Output response ), ¥,, of MRAC Control System
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The experiment results are shown as Fig.10-Fig.14 .
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Fig.7 Comparison between output response ), and y,, of Tank2
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Fig.10 Comparison between output response ), and y,, of Tankl
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Fig.11 MV from PI Controller of Tank1 Control Loop
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Fig.13 MV from PI Controller of Tank2 Control Loop
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Fig.14 Response of MRAC PI Control System for Coupled-Tank
Process

VI. CONCLUSION

The design of PI controller using MRAC techniques for
couple-tanks process can adjust controller parameters in
response to changes in plant and disturbance and with specifies
properties of the desired control system. It is shown by the
experiment results in Section 5 that MRAC technique solve the
dynamic problem of the couple-tanks process and it is
convenient for controller design under the requirement of the
system.
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