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Model-based Tuning Rules of the PID Controller
Using Real-coded Genetic Algorithms

Do-FEung Kim

Department of Control & Instrumentation Engineering,

Graduate School, Korea Maritime University

Abstract

Over 60 years, the proportional-integral-derivative(PID) controller
has been especially popular in industrial processes, such as chemical,
petroleum, power and manufacturing industries due to its simple
structure and robustness. Since the performance of the PID controller
depends highly on its three parameters, the proper tuning of the
parameters 1s required to guarantee acceptable control performance.
Therefore, a number of tuning methods, such as the Ziegler-Nichols
methods, the Cohen-Coon method, and the IMC method have been
proposed. These conventional tuning methods are based on experience
and experiment.

In this thesis, a method for obtaining model-based tuning rules for
the PID controller are proposed incorporating with real-coded genetic
algorithms. First, the optimal parameter sets for step set-point
tracking are obtained based on the first-order time delay model and a

real-coded genetic algorithm as an optimization tool. As for assessing



the performance of the controller, performance indices(IAE, ISE and
ITAE) are adopted. Then, tuning rules are derived using the tuned
parameter sets, potential rule models and another real-coded genetic
algorithm.

A set of simulation works are carried out to verify the effectiveness

of the proposed rules.
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Table 2.1 Z-N closed-loop tuning rules

arameter
\\ KD T Td
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PID 0.6Ku 0.5Tu 0.125Tu
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ISE: J- / e?(t)dt (3.8)
0
IAE: J- / le (t)] dt (3.9)
0

%
ITAE: J- / tle(t)] dt (3.10)
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Fig. 3.2 Optimal tuning of the PID controller using a RCGA
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Table 3.1 Tuning rules models

Tuning rule models
Type
KK, /1 T
a
a L 2
ao(%)1 ao+al7 a,+a, (=) 1
0 1
L
PI T A Ay L \a
ao + alr —_— L a’O (?)
PID La (&)
1
a,— a L
0 177

o] 714 wAEtE H A3 EAdE RCGAS # {31 RCGAE of# 9
A ol A4t HEE 5297 2 g gHE 24 ®h

= Y} IK,—K,| (3.12)
J= ElTi_%il (3.13)
J= 3=l (3.14)

1
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Table 3.2 Optimal PI tuning rules for step set-point tracking

Tuning rules
Types -
KK, T,/
ISE 0.4020+0.6688% 1.3806+0.4938%
IAE 0.2781—1—0.5140% 0.9954—%0.3968%
ITAE 0.2132+0.4480% 0.91544—0.3068%

i 33 A AAA FFol dig HH PID T3t 3

Table 3.3 Optimal PID tuning rules for step set-point tracking

Tuning rules

Types N
KK, T,/ T,/
.84
ISE [1.4051 (Z-)0%1| 1.3721 4 0.4505% . T
' L ' ' 7 | 2.3258 +12.1578 (=)
pm
- L 4.0555
IAE |1.1395 (1) L3IT0+0.34632 | " 600" 10 0121 (L) !
-
R L 4.7078
ITAE 1'0433(f) 1.2744+O.31937 2.4788—|—12.5Ol5(£)’1
-
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Table 4.1 Performance comparisons of the PI tuning methods

Tuning Parameters Performance

methods K, t Mp tr ts(5%) | Uma
Z-N 29374 | 10.1128 | 31.40 3.22 20.99 3.58
Cc-C 3.0207 | 6.2634 | 955.75 2.86 29.61 4.14
IMC 2.2140 | 11.5340 | 10.47 4.54 14.34 2.64
L-ITAE | 1.7317 | 10.2117 | 471 6.03 10.08 2.13
GA-ISE | 25848 | 15.3217 | 10.98 4.01 22.39 2.9
GA-TAE | 19557 | 11.1717 | 599 5.29 14.07 2.35
GA-ITAE| 1.6754 | 10.0958 | 4.13 6.28 10.43 2.07

GA-ISE, GA-TAE, GA-ITAEE £ AFolA t& A 7HA 527129
Aoty Z-NHZ C-CH2 M t7F & o & AFEFS Holny,
GA-ISE= IMC¢ A#eof vty 7ol GA-IAE, GA-ITAE®R t}
M, ¢} ts7} A3 GA-TAEE= F ITAE FHEEUE o] LA Myt

t7b 23, 5 ITAE= 2atol]l AF 7h2AE 77 "ol 7P v
g Aes 0 = ATk

% 432 "l HAR o R 40x7F @9A

AV

SHe 2" Aol
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_31_



El

41.3 PID Ao]7]9] SH]

3 wwog SutAd S AAEI PID A4, M, t,
A

ts, Umacsr T3 3 4.2¢] YERH AT

3E 42 PID sx712 9 AdeHu

Table 4.2 Performance comparisons of the PID tuning methods

Tuning Parameters Performance

methods | g %, %, Mp |t [ts(5%)| Umax
Z-N | 39165 | 6.1290 | 15322 |32.29 | 240 | 18.33 | 5.20
C-C | 46016 | 6.7113 | 1.0556 |50.79 | 2.10 | 12.05 | 598
IMC | 30110 | 115340 | 1.3287 | 5.02 | 3.72 | 1467 | 354
L-ITAE | 26375 | 13.3186 | 1.0266 | 1.32 | 4.48 | 819 | 3.04
GA-ISE | 37121 | 151316 | 1.3923 | 4.71 | 3.00 | 6.15 | 4.21
GA-TIAE | 3.0236 | 14.2336 | 1.1801 | 1.52 | 3.83 | 7.31 | 345
GA-ITAE| 2.8109 | 13.7247 | 1.0879 | 152 | 4.16 | 7.74 | 3.22

PID Alole] ASol= Z-N¥3t C-CHE Mgt t7F = o 2 43S
Hol IMC T3 L-ITAE, GA-ISE, GA-IAE, GA-ITAE Xt} M7l =2
3 t7F Aok - L-ITAE, GA-ISE, GA-IAE, GA-ITAE =+ W=
2ee A%S A8 F itk o FolA GA-ISE= u A n M7
o7 AA T YA 7} 17} HolAE ATE moFYTh

99 445 027 BAY e Y Aot
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Table 4.3 Performance comparisons of the PI tuning methods

Tuning Parameters Performance
methods IA<p g i MP tr ts (5% ) Umax
Z-N 0.8948 7.6437 - 20.66 32.23 1.07

C-C 0.9780 2.6286 | 2955 | 2.52 15.09 1.69
IMC 0.8786 3.4640 6.91 3.22 14.25 1.35
L-ITAE | 0.5828 2.6680 1.96 4.59 7.60 1.12
GA-ISE | 1.0664 4.3272 792 2.83 14.23 1.47
GA-TAE | 0.7888 3.2143 5.07 3.53 8.28 1.27
GA-ITAE| 0.6583 2.8214 3.68 4.06 6.87 1.18
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Table 4.4 Performance comparisons of the PID tuning methods

Tuning Parameters Performance
methods Kp %i %d MP tr ts(S%) Umax
Z-N 1.1931 | 4.6326 | 1.1581 - 3.69 | 8.74 | 1.48

C-C 1.5753 | 4.1871 | 0.7122 | 17.53 | 2.02 | 7.28 | 2.00
IMC 1.1949 | 3.4640 | 0.7709 | 10.72 | 2.54 | 8.75 | 1.61
L-ITAE | 0.9601 | 3.5565 | 0.7132 | 1.72 | 3.37 | 5.97 | 1.31
GA-ISE | 1.3209 | 4.1810 | 0.9370 | 3.25 | 2.54 | 4.81 | 1.68
GA-IAE | 1.0739 | 3.7943 | 0.7971 | 1.69 | 3.08 | 5.56 | 1.42
GA-ITAE| 0.9801 | 3.6544 | 0.7260 | 1.02 | 3.35 | 5.96 | 1.32

Z-NHe Qu#EZ B4sn b 2w, C-CHF IMCE A%
o] L-ITAE, GA-ISE, GA-IAE, GA-ITAE Rt} M7} 23 7 2o
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o1gk 4= 9t} o]F A GA-ISE:E yUH A Bt M7t 9k =21 of
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Table 4.5 Performance comparisons of the PI tuning methods

Tuning Parameters Performance
methods IA(p g i MP tr ts (5% ) Umax
Z-N 0.3376 | 21.9134 - 157.73 | 220.46 0.98

Cc-C 0.4208 | 4.0552 | 12.98 6.92 25.11 1.17
IMC 0.5141 | 5.8171 1.95 7.00 33.22 1.07
L-ITAE | 0.2387 | 4.2235 - 2556 | 42.14 1.0
GA-ISE | 0.6520 | 6.7263 | 12.65 5.42 32.24 1.23
GA-TAE | 04703 | 5.1203 3.85 7.23 32.46 1.08
GA-ITAE| 0.3808 | 4.3229 1.85 8.61 16.88 1.04

S L-ITAEW 2 AlZEAI Aol & Al=glo A= ARk Al 7HA] &2

3] GA-ITAE+ GA-ISE, GA-TAEXRT A5o] F&
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Table 4.6 Performance comparisons of the PID tuning methods

Tuning Parameters Performance
methods | g %, z, Mp tr [t(5%) | Umax
Z-N 0.4502 | 13.2809 | 3.3202 - 64.34 | 95.40 | 097
c-C 0.7497 | 9.2909 | 1.6277 - 5.29 | 3991 | 116
IMC 06992 | 5.8171 | 1.4251 | 1755 | 4.66 | 26.31 | 1.33
L-ITAE | 04192 | 6.1643 | 1.9080 - 20.90 | 36.31 | 1.00
GA-ISE | 05832 | 6.0993 | 2.0931 - 6.40 | 23.72 | 1.08
GA-IAE | 04721 | 52211 | 1.7362 - 8.51 | 19.62 | 1.00
GA-ITAE| 04248 | 51192 | 1.5709 - 11.29 | 24.44 | 1.00

Z-NHe 3% t7F Aa, C-CHL t7F 49, IMCo Aol M9 t
° 7

50 2 43S 9S4 F Addth @3 L-ITAEE AlZAde] & A
sdo M= A A JHA FxR¥EY Aol HAW, GA-ISE,
GA-TAE, GA-ITAE= Ut t7F ZA|RE o]e} e Alz~dlo] 2 A g4
4 otk 53 GA-ISEXE GA-IAES GA-ITAER T tHoA = e
el
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