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ABSTRACT

This study compared methods of designing a robust PID controller, which satisfies the design
specification in a system with time delay, and has robustness and stability at the same time. This study
compared the PID controller tuning method of Ziegler and Nichols and the PID controller design
method by using the suggested by Grassi of Z”. The PID controller tuning methods of Ziegler and
Nichols include a step response method, a frequency response method, and a modified method. The PID
controller tuning methods of Ziegler and Nichols are widely used in industrial fields and are easy to
design mathematically. They are PID control tuning methods widely used for the systems that the
dynamic characteristics of a plan are not fully known. The PID controller design method using Grassi
of H”is a PID tuning method that A~ norm, which guarantees the stability and robustness, uses the
convex optimization method. This study compared the method of Ziegler and Nichols and the method
proposed by Grassi of H”to propose a controller tuning method guaranteeing the stability and
robustness, supposed to be guaranteed by a PID controller. Moreover, the performance of two methods
was compared through simulations. In order to consider the design specifications for the frequency
domain, simulations were compared after dividing the design conditions into a low-frequency barrier,
satisfying the command follow-up and external disturbance canceling performances, and a high-frequency
barrier, corresponding to the low sensitivity performance against the sensor noise.
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Figure 1 Z-N Parameters, a and Z in the Step

Response
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Table 1 PID Controller Tuning Rule for the Step Response
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Table 2 PID Controller Tuning Rule for the Frequency Response
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3. Simulation

B =RgAE AEGolds 53 AHd
93te]  Matlabs AH&38F53tH10-12].

AA AEeA 22 A2EE s o
Z-N9| WHe ZUE FEAHS ¢

Ao Bl oste] PIDA 7]

-
i

31 24 A 1

A HAZ T Y FHo] A AlzEA Al Q)
= 23 Al2"o tgk AE ol Aol Hlao|th A
4

FADo] Y 22k A2'le Bt 2o] AAsith

1
I E—
s°+ 4s + 3

ofell thgt AA Aoz BE FF 3 A& A

£ 9% 49 B (0)% A4 3 2 2EY 23l
ARE Aol U 2 B, ()& <
Ao e,

5]
w
<
_\?_l,
N
o

X 3 A A 19 Faed AA A
Table 3 Frequency Domain Design Specifications in Design

Example 1
A g BA Tk
m, =30dB w <0.01
B.(w)
w>0.01
w=<10
enny (W) =10/w w>10
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Table 4 Comparison with the Step Response

Overshoot Setting Time Rising Time
Z-N 1.05 5.99 1.72
Grassi 117 4.94 1.42
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Table 4 Comparison of PID Controller Design Parameters in
Design Example 1

K, K K,
Z-N 21710 1.3451 0.2814
Grassi 3.3710 0.1121 0.03492

- 882 -



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 12, No. 6, pp. 879-885, December 2017

a9 2 ARE QY5 F4
Figure 2 The Shape of the Closed Loop Transfer Function
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Table 6 Comparison of PID Controller Design Parameters in
Design Example 2
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Table 7 Comparison with the Step Response 2

Overshoot Setting Time Rising Time
Z-N 1.059 10.96 2.980
Grassi 1.069 12.01 3.421
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