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Design of PID Controller for

TITO system using RCGA

Seok-kyung, Kwon

Department of Mechatronics, Graduate School

Korea Maritime University

Abstract

The Proportional Integral Derivative(PID) controller are still widely
used in the process industries even though control theory has
developed significantly since they were first used several decades
ago.

As our industry has developed and increased the level of high-
technology, many suggestions have appeared to upgrade the PID
controller. Most of them are mainly based on experiences and
experimentations. As a result, tuning of PID controller depends on
designer's experience and intuition. Closed loop tuning method of
Ziegler and Nichols(Z-N), Open loop tuning method, Cohen-Coon(C-C)
tuning method and IMC tuning method are well known to us.

There 1s much reserch on the tuning of PID controllers for
SISO(Single Input Single Output) systems but very little in done of
MIMOMulti-Input Multi-Output) systems. Because it is more difficult
to design PID controllers for a MIMO process than for a SISO process
that there is an interaction between the different control loops in an
MIMO system which affects each other's performance.

The paper presents model-based tuning rules of the PID controller

for the Two-Input Two-Output(TITO) system of the most common

- il -



form of MIMO system incorporating with Genetic Algorithms(GA). The
ranges of PID parameters are limited based on Z-N method to con-
sider a long operation time problem that is the main problem of GA.
And three sets of optimal PID parameters are obtained based on GA
which minimizes performance indices(ISE, IAE and ITAE).

The proposed method can help solving the problem of tuning PID
controller for TITO system. Simulation results showed the effective—

ness of the proposed scheme.

_iV_



aj;
e
f(s(k)
fy (k)

F(x(k))

®w D™ UTYY Y Y 2 R
S EEZE

w| !

Nomenclature

ith row and jth column element of matrix A
error state vector

fitness function

fitness of the best

objective function

kth generation

gain of error compensator

population size

population at kth generation

population after crossover at kth generation
population after reproduction at kth generation
crossover rate

mutation rate

real number

random real number between 0 and 1
string or chromosome

string or chromosome after crossover
string or chromosome after reproduction
ith chromosome

maximum generation of RCGA

control input

lower boundary of jth gene

upper boundary of jth gene

jth gene of ith chromosome

jth gene after mutation

gene of parent chromosome

gene of offspring chromosome

state vector

chromosome of the best

state vector of system



augmented state vector

system output

reference input

error state variable

constant

parameter of the reproduction operator
multiplier

random number of 0 or 1
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Product
initial group

New population

P(k) Mutation

Current population

',\'O:D Reproduction Crossover

Fitness Evaluation

Qualify for
stop conditio

Fig. 2.1 Operation of a genetic algorithm
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Crossover point

& wu | wu U | gu U | wu U | wu Su | v oV | v
Su= X1 | X, X] Xj+l Xn-l Xn E> Su - Xl X2 Xj Xj+1 Xna| Xq
= oV | oV <V | oV <V | oV < oV | gV SV | gu u | gu
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Fig. 2.2 Modified simple crossover
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R - U

1(S)—:OE;(S)> PID Controller | 108 > —— Y. (s)

Gy (s)
R + E,(s) U,(s) +
0 SoE0 Lo controllerl 22 > G, (s) — Y, (s)
- +
D,(s)

Fig. 3.3 Block diagram of TITO system

o714 R(s)eR’E 71, E(s)eR’E 24, Uls)eR’E Aloidd,
Y(s)ER?*:= ZY ot}

o]yt TITO Alx=¥le] HAEg43 H(transfer function matrix) G(s)& 2

(3.3 .

Gll (8) Glg(s)} (31)
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Fig. 4.1 Step responses using critical proportional gain(k,, =9)
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Table. 4.1 Gains of PID Controllers by Z-N and RCGA

K, K, Ky Ky Ky Ky

p2

Z-N 5.4 5.4 19.2857 | 19.2857 | 0.3780 | 0.3780

ISE | 11.3430 | 16.6527 | 24.9999 | 22.5154 | 1.5145 | 9.2292
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Fig. 4.13 Step responses using critical proportional gain (K, = 15.9755)
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Table. 4.2 Gains of PID Controllers by Z-N and GA

K

pl Ky Ky Ky Ky Ky

Z-N 7.4775 | 9.0853 | 4.1312 | 4.9282 | 3.3836 | 4.6609

ISE 9.9965 | 9.9975 | 7.2111 | 5.5845 | 6.5967 | 8.6660

RCGA | IAE 9.8510 | 9.9352 | 7.4551 | 6.9430 | 9.3725 | 7.9893

ITAE | 9.9947 | 9.9902 | 5.7334 | 4.2226 | 5.4039 | 6.9348
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