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A Study on the Optimal Design of a PID Controller( )

J. H. Yang, J. S. Ha

Abstract

The PID controller is one of the most popular devices for control systems and the adju-
stment of its parameters has been generally accomplished by semi-empirical rules and
has been considered only in the view of improvement of the control performance.

But in modern control theory, a quadratic form (]=j;1(xTQx+uTRu)dt) is introduced
as a criterion function which considers not only to improve quality of control but also to
save energy required for the control.

In this paper, authors propose a method of the parameter adjustment of the PID cont-
roller by means of maximum principle minimizing the quadratic criterion function and
establish a link between the conventional parameter adjustment metod and the technique
of the modern optimal control theory in the design of a PID controller.
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Table 1. Values of optimal gain f1, f2, f3 and cost function J of system 1

system 1;a;=~3, a;=2., r=0.1, unstable

q ; q2 as ” it ( f2 H J
|
Lo | 1.0 1.0 .16 | 4.93 “ 3.987
1.0 0.0 0.0 3.16 t 3.40 6.97 | 2.423
1.0 10.0 L0 3.16 | %98 | 9.24 7.662
‘ \
1.0 1.0 10.0 i 3.16 7.18 ] 14.11 10. 449

|

Table 2. Values of optimal gain f1, f2, f3 and cost function J of ystem 2

system 2; a;=0.2, a:=1.0, r=0.1, Stable

a Qz ! Qs i f1 fs ’ fs ’ J
! w
” 3.16 5.30 4.34 2.509
0.0 ]| 3.16 3.10 2.20 0.682
|
1.0 | 10.0 ( 3.16 10.68 5.40 6.103
I 1.0 1 10.0 3.16 7.92 10.57 ] 9.198
Table 3. Values of optimal gain f1, f2, £3 and cost function J of system 3
system 3; ar=0.5, a:=0.0, r=0.1, servo
qu ‘ Qe Qs ” f1 f2 l {3 ” J
| | |
1.0 : 1.0 1.0 | 3.16 6.35 | 4.20 | .700
Lo | 0.0 0.0 ! 3.16 4.35 2.49 ! 0.976
1 |
1.0 | 10.0 1.0 l 3.16 11.69 5.3 | 6. 346
; |
1.0 E 1.0 10.0 3.16 | 8. 88 ‘ 10.36 | 9. 277
! J
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Table 4. Comparision with modified method of Ziegler-Nichols

system 2; r=0.1, q1=1.0, q2=10.0, q3=1.0

method fi fa ] f3 l X2 J
method proposed this paper 3.16 10. 68 ! 5. 40 [ 0. 350 6.103
medified method Ziegler-Nichols 0.075 0.69 i 1.591 J' 0.830 19. 85

Table 5. Values of opitmal gain {1, £2, £3, f4 and cost function J of sxstem 4

system 4; a1=2.2, az=1.4, a;=2.0, r=0.1

qu qz qs : qs J f f2 ‘ 13 ‘ fs J] J
1.0 1.0 1.0 ’ 5 3.16 6.68 | 8.31 3.43 H 6. 389
1.0 1.0 1.0 J 2.16 6. 09 6.72 2.08 L 4,948
1.0 10.0 1.0 }l 3.16 11.26 9,94 2.77 | 13. 242

[
1.0 1.0 10.0 h 3.16 8.15 12.69 3.30 I‘ 12.305
]

Table 6. Values of cost function J of system 4 when the ‘gain? f1, f2 and f3 are optimal
gains and the f4 is zero

system 4 ;a;=2.2, az=1.4, a3=2.2, r=0.1
|
|

Q 1 Qqz qa q4 i fi E fa fa l 1y H J
1.0 1.0 1.0 1.0 | 516 | 668 8.31 0.0 l{ 10.538
1.0 1.0 1.0 0.0 'w 3.16 [ 6.09 6.72 0.0 “ 6.807
1.0 10.0 1.0 0.0 }: 3.16 i 11.26 9.94 0.0 i? 19.709
1.0 1.0 10.0 0.0 | 3.6 1 8.15 12.69 0.0 | 15.264
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