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An Unifying Design Algorithm for Efficient Digital Implementation of Continuous
PID Controller using General Discrete Orthogonal Functions

&M R BB % T
(Yoon-Sang Kim * Hyun-Cheol Oh * Doo-Soo Ahn)

Abstract - In this paper, an unifying design algorithm is presented for efficient digital implementation of continuous
PID controller using general discrete orthogonal functions. The proposed algorithm is an algebraic method to determine
controller parameters, which can unify controller design procedures divided into three ways. A set of linear equations for
the controller design are derived from simple algebraic transformation based on general discrete orthogonal functions. By
solving these equations, all of the controller parameters can be determined directly and simultaneously, which thus
makes the design procedure systematic and straightforward. It does not involve any trial and error procedure, hence the
difficulty of conventional approach can be avoided. The simulation results and discussions are given to demonstrate the

efficiency of the proposed method.
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Table 2. The controller parametes of each digital

implementation determined by the proposed
method based on two discrete orthogonal functions

Walsh- Based Laguerre-Based
A BRI' | B FRI| ¢ TI | A BRI | B.FRI | C T{
Ky | 150400 | 140399 | 145399 | 150499 | 140416 | 145433
K, 100011 | 100001 | 100011 | 100325 | 100326 | 100326
K, | 043100 | 043100 | 043100 | 043101 | 043101 | 043101
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Table 3.

Walsh- Based Laguerre-Based

A. BRI 1.57883x10 ® 1.51837x10 7"

B. FRI 3.07584 x10 " 1.41875x10 °

C TI 1.59086 x10 ° 1.40812x10 °

A7) MAA F23 AIRF iy BA4H oA
wo] ol E(stability) 2, olvw HAWAHAY FEI 4T
DAL Aok Wk, Aoty WEez BAE AojAAgle
AT HESZ da SR 28g HAstdE o
,‘Oj L
I 4. HMotsl whHoz MAE PID Ho{7|ol 2sf HAE

HojA|AElo] EMYUMA 2529 &4
Table 4. Roots' analyses of overall systems compensated by
digital implementation by the proposed method

[

Walsh-Based Laguerre- Based

A |0.90478 , 0.81959 , 0.36796 + 70.32050 | 0.90429 , 0.81994 , 0.36801 + ;0.32051

B | 0.90480 , 0.81957, 0.36796 + 7 0.32051 | 0.90418 , 0.82015, 0.36797 + 7 0.32049

C 10.90478 , 0.81960 , 0.36796 + 7 0.32050 | 0.90418 , 0.82016 , 0.36796 + 7 0.32050
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