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Optimal Tuning of a Digital PID Controller
Based on the PPGA and M odel

Myung-Ho, Shin

Department of Control and Instrumentation Engineering,

Graduate School, Korea Maritime University

Abstract

In this paper, a methodology for estimating therameters of discrete-time
systems and designing a digital PID controller iespnted. To deal with
optimization problems occurring regarding paramedstimation and controller
design, a pseudo parallel genetic algorithm(PPGAYeéveloped. The PPGA is
characterized by several serial GAs, the migrattmdel and the ring topology .
The parameters of a discrete-time system are dstilnasing both the model
technique and a PPGA. The digital PID controlledéscribed by the pulse transfer
function and its parameters are tuned based onthetmodel reference technique
and another PPGA. A set of experimental works am fiwocesses are carried out to

illustrate the performance of the proposed method.
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2(NT, +T)1-z" N ATT,A+N) @-z71)?
h 1+z™ h? a+z")?

N@EZ™)= K{N+ }

= K { [Nh?+2h(NT, +T,) +4T,T,(1+ N)]
+[(2Nh* -8T.T, (L+ N)]z™
+ [Nh? =2h(NT, + T,) +4T T, 1+ N)]z%} / h*@+2z")?

(4.5)
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o] AZHE o]akAIt tiAE PID Alo]7]e] duk A gy 7o

gl g e,

uh _ bt b,z +b,z™*

G.(zh= 4.6
(27) EY) 1+azt+a,z”? (4.6)
o371A by, by, by, &, & T ol FoE .
B 2
b, =K, { Nh? + 2h(NT, +T,) +4T.T,(1+ N) 4.78)
I 2T (Nh + 2T,)
-
b, =K. Nh? —4T. T, 1+ N)} (4.7b)
| T.(Nh+2Ty)
2 _
b, =K, Nh? = 2h(NT, +T,) +4T.T,(1+ N) (470
2T.(Nh + 2T,)
4T,
—_ 4.7d
% Nh + 2T, (4.7d)
T,-Nh
- i3 4.7
% " Nh+or, (4.7€)
O|ZHE o]AHAF YAE PID Alo7]e &= IAAALS ve3 ol
b 4 gk,
u(k) = -au(k-1)-gu(k-2)+he(k)+be(k-1)+be(k-2) (4.8)
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421 71&2dg

(Underdamped system)ol A= 2] (4.7b)9] A|TAALS 2= 35 2 2 A

2¥o] 4 ol g,

Yo _ €e"
R(@) 1+Ts

Gm(S): (493)
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(4.10b)
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el
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=
=

= oEwelAd AREE 4 (4.9)
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I
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Fig. 4.3 Optimal tuning of the PID controller usitige PPGA
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NEnd o3 5w Asu Feve] Aol ek oy

e(k)= ya(k)-y(k) (4.13a)
D@
va(k)= r(k) (4.13b)
c@)”

Tz hHB(@E ™z
SzHA@EZYH+T@EZzHB(E™ )z

y(k)= r(k) (4.13¢)

PPGA & male] E¥3) muel Edo) At Hal HES, 5 e 23

St A4 HEE txE PID Ao} 7] e AsE A A Hrt.
w
F(0) = > e*(k =i) (4.14)
i=0

o714 6 & YA PID Ale]7]9] AGE FAE= WEla, W & do]
Bl Yxolt},
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A 5 AEHA 2 AAHE
o FollM= Eell =A7IHI PPGA & o]-&dto] A|=EO o]AAIZF B
do] g E FAHsta, FAHI} mdS vwog yjEnd Aoy
3} PPGA & o]-&3to] tlxd PID Alo]7]9] Tx38t= A EH oS A e

al a1 AyE AR

5.1 o]zt el veiny 4

5.1.1 Al&" T (AZFAQA] e 4F)

Aojgidor vaat o] FdH= AAAC] gl AEHARE AJ=H

< 1A 11].
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(5.1)

s(1+Ts)

Gp(s)
o, K= 1, T= 10[sec]

olp

o]
o)l

(5.2)
0, b= 0.048374,

A 4 7] FFEnE by, by, ar, a7t F

S

L=

7t e sel g

ol

1[secl®Z S ZH5°] | E = b,

-1 -2
b,+b,z"+b,z
-1 -2
l+a,z" +a,z
ZHE

=
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(5.2)

=

Gy(z )

0.046788, a;= -1.904837, a,= 0.904837 2] #t
Xl

T

A},

bs
ol ]

B
(RS
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fi%e)
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W
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Fig. 5.1 Input and output signals for system |
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2o49 A3 F4A% 1 el HEAAE FF Aol E 5.1 2
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Table 5.1 Estimation results for system |

System parameters
True Estimated
by 0.048374 b, 0.0487+0.9329 % 10°
by 0.046788 b, 0.0465+0.9465% 107
a, ~1.904837 a ~1.8984+5.1724 X 10
a5 0. 904837 a, 0.8984+5.2522 % 10
FAAA & F Axel FAE FHUEY e A =FEe] AA sy

a9 5.2 & PPGA o AAAEY webE F4e @ dF welF:
o, 29 5.2()% BAMSR FURRS, 39 5.2 mee]

o2 g by, by, a, s BASHE B3-S 18 Rl

34



(b) vhehnE

19 5.2 A2=® [ o] FeuE @A

1 T T
0 2000 4000 6000 8000
Generation
=)~
CAL LG
el o L m L b,
r_ R gl . WM N 200 ]
A .
L &
r
F= =
i)
|
B -
' | fe
| : - e .
— | A — L 1
0 2000 4000 6000 8000
Generation

=

Fig. 5.2 Parameter estimation of system |
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5.1.2 A|2" I (AR Aol A& BF)

S Aoluo ohdsh Lo AR 2avt e 2 A ALY

aekloH 1],

K@-Ts)e™
L+ Ts)1+T.s)

Gy,(s)= (5.4)

@, K= 1, T;= 4[sec], To,= 10[sec], L= 1[sec]

=i e
b,+b,z"+b,z -

Gy(z )=
’ 1+a,z" +a,z?

(5.5)

Al
=

sl

g AlZbE b= lsec]l2 P& A5 dEvHE= b= 0, b= -
0.072886, b;= 0.093936, a;= -1.683638, a,= 0.704688, d= 1 o] %< 2t

A Ee
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Table 5.2 Estimation results for system |l

System parameters
True Estimated
b -0.072886 b, ~0.0744+0.3285% 107
b 0.093936 62 0.095140.4166x 10~
a ~1.683638 aQ ~1.6935+5.3126 X 10
ay 0.704688 a, 0.7219+4.2749 X 10
d 1.000000 a 1. 0000£0.0000

JELRLE

a9 5.4 = B 2ol tigk PPGA o HA A detvy FAe] g

Bo]Fa 9o 1% 5.4(a)v= EH 9

Y ay, as, by, by, dE
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Fig. 5.3 Input and output signals for system |l
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5.2 YA PID A|o)7]¢] HHF=x

5.2.1 A]=" 1

oF Aol AE3l ralo &} Zo| ZIATH
A(zDHyk) = B(zHulk) (5.6a)
A(z") = 1-1.89847 '+0.8984z ° (5.6b)
B(z") = 0.0487z '40.04652 > (5.6¢)

Aol Fxdl= A (4.7 2 A AlAaFe] ERdo] AREEHAIL (=

0.7, w= 0.3[rad/sec], L= O[sec]= A& u “FAIZF 7[sec], HAA

AlZF 22[sec], L$BEFE 9.5[%]2 71, 28 5.5 & 7EREY o
AAGSHS 19 Aolt}.
A (z Dy (k)= B.(z Dr(k) (5.7a)
A (zh= 1-1.584105240.6570472 > (5.7b)
B, (z )= 0.0390247z '+0.0339187 > (5.7¢)
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