3L
[6)

o

Al }\].

=~

-

Aew

ol &A A8 PID A°l71¢ RCGA 7|wt

oE

RCGA-Based Tuning of the PID Controller for

Disturbance Rejection

20074 24
G Foistn st
A o] Al = & st 3

A © A



9% ) A 5 3 (B

fofs

9 4 FERAL K 9

9 @ IS A B 7

s grista o
A o) A 23 33t




Al 1 AT - 1
A2 A AN 71 E BETFH oo 3
21 PID A O] AI 2B 0] TEA] « et 3
290 7] Z0] TETFE 5
2.2.1 Ziegler-Nichols B ZH] « v vrveneiariaa, 5

222 Cohen-Coon EZM o rrrrnre 9

293 IMC EZH « oot 11

2.24 Lopez ITAE 5 2H tvvevitiiiii 11

A 3% AAS EF2ZAY RCGA --------rv-v-- 13
31 ST A gy N e 13
311 S AFTE Z O] GE] e 13

312 &2 A ETROYP. . .. 14

313 GAGTEZO EA cveee 16

30 ROGA oot 17
321 7] B G A QAFRF e 17

322 AFFE TITF o e 19

Al 4% RCGAZ 148 5249 FE - 21
41 PID A OJA] 2B 0] TP Bl «ovee e 21
42 HA PID Ald AT B 29

4.3 %_/—;:.nyglg] %_I;_ .................................... 26



A5 A NEAIA R AHHE - 32

51 G A] 1 e 39
51.1 A 28le] ZAFSE - 33

512 PID A o] 7] 9] SoFB]IL - 34

B.2 O Al 2 - 36
521 A 2Eo] ZAFSE <o 36

522 PID A0} 7] 9] S UM G v ovre 38

5.3 oAl 3 - 40
531 A28l o] ZAFSE <o 41

532 PID A0} 719 S H| I - 43

A 6 AE ceirrii 46



RCGA-Based Tuning of the PID Controller for

Disturbance Rejection

Min—Jung AKim

Department of Contro/ & Instrumentation Engineering,

Graduate School, Korea Maritime University

Abstract

In industrial processes and many other control problems, even now
more than 95% of the controllers are of the PID controller type. The
PID controller has several important functions. It has ability to
eliminate steady-state error through integral action and anticipate the
future through derivative action. The PID controller, therefore, can not
only track the given set-point but reject the disturbance that enters
the control loop. This is the most basic reason that there exist many
different methods for tuning the PID controller.

In this thesis, tuning rules of the PID controller for load
disturbance rejection are proposed incorporating with real-coded
genetic algorithms(RCGAs). The optimal parameters sets of the PID
controller are obtained based on a first-order plus time delay model

and a RCGA. As for assessing the performance of the controller,



three performance criteria (ISE, IAE and ITAE) are adopted. Then
tuning formulae are derived using the tuned parameters sets, potential

tuning rule models and another RCGA.

A set of simulation works are carried out on three high order
processes with time delay to verify the effectiveness of the proposed

rules.
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Table 2.1 PID tuning rule by the open-loop method

Parameter
Ky T Tq
Controller
PI 0.9K—TL 3.3L
PID L2 2.0L 0.5L
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Fig. 2.3 Closed-loop control system with proportional gain
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Fig. 4.1 Optimal tuning of the PID controller using a RCGA
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f(s)=—J—F. . (f(s)>0) (411)
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Table 4.1 Conventional tuning rule models
Tuning rule models
Type T Tq
KKp — —
T T
Ay
T \al L
a,(—) agta;— L
L
A{dy——
T 172 L.,
PID a0+a1f L 30(7)
1
L
a A
0 1 T
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Table 4.2 Used tuning rule models

PID parameter Tuning rule model
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L
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Table 4.3 PID tuning rules for disturbance rejection

PID controller parameters

Type .
KK, T Ta
T T
L
_ 1.033+0.406(7) 9.263
ISE 1.544 (=) L.,
L 1+o.624(%)—1 2.122+14.676( T)
L
- 1.092+0.446(7) 7.392
IAE 1.454 (= )*%7 L.,
Vs 2.9 15.157(—
L 1+o.438(7) : 93+15 57(7)
L
_ 1.619+0.316(7) 6.503
ITAE 1.396 (L )0-816 L.,
L 1+0.664(%)1 1.903 +15.796 ( T)
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Fig. 5.3 Response comparison of the PID controllers for System I
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Table 5.1 Performance comparison for System I

Performance
. Mpk tok try
Tuning rule

GA-ISE 0.44 4.44 15.11
GA-TIAE 0.47 458 14.47
GA-ITAE 0.48 4.69 13.38
Z-N 0.49 4.80 20.06
L-ITAE 0.53 491 17.30
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Table 5.2 Performance comparison for System II

Performance
. Mpk tpk try
Tuning rule

GA-ISE 0.86 11.98 38.52
GA-IAE 0.87 12.18 38.43
GA-ITAE 0.87 12.26 27.79
Z-N 0.87 12.22 138.11
L-ITAE 0.87 12.25 4428
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Table 5.3 Performance comparison for System III

Performance
. Mpk tpk try
Tuning rule
GA-ISE 0.984 17.76 56.24
GA-IAE 0.985 17.88 54.32
GA-ITAE 0.986 1791 48.09
Z-N 0.985 17.84 353.20
L-ITAE 0.985 17.86 100.14
Lol game 2o o 2 A5dE oA A%d Fx7Hel o
T Atk 53] ITAE: A4 A1 7FsA & F37] wZol
He A%e B ¥ &Yk AAHeR 9o F Asgd f4)
wolAw, Lo) 242 Sz wng o Jad SRS4L HAFS
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