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Abstract — The Wiener-type nonlinear model where a static nonlinear block follows a dynamic linear block is widely
used to describe the dynamics of chemical processes. A long process excitation step is typically needed to identify this
Wiener-type nonlinear model with two blocks. In order to cope with this disadvantage, an identification method for the
Wiener-type nonlinear model that uses only a single-step response is proposed here. The proposed method estimates the
response of the dynamic linear sub-block from the initial part of the step response, and then the static nonlinear sub-block is
identified. Because the only single-step response is used to identify the Wiener-type nonlinear model, there is great benefit in
time and cost for obtaining process response. The performance of the proposed identification method with the single-step
response is verified through a representative Wiener-type nonlinear process, a pH titration process, and a liquid level system.
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(a) Wiener-type nonlinear process
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(b) Two-step responses (c) Sinusoidal response

Fig. 1. Two typical responses for simple identification of a Wiener-
type nonlinear process (responses in (b) and (c) are those for
G(s)=1/(s+1), g(x)=x+0.25x>).
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Fig. 2. Typical responses for the proposed identification method
(responses for G(s)=1/(s+1) and g(x)=x+0.5x>).
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Fig. 5. Responses for the identification of pH process dynamics.
(Subscript “Proposed”: responses for the proposed method,
Subscript “SR”: responses for the SR method).
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Fig. 6. Identification results of the titration curve for the example
pH process.

Fig. 5% 3ld pH 378 2] Wienerd v]A 3 R dl& 2= SR
I AR WS f18 3 SH2 HolFa Atk Fig. 6
A AR T ATE HolF T Q) AQkE v S 93] A
S £=100s, 517110s &=120s 283 m=200.% A
U AET AR A =152 SIGIHE 1 oAl A= 6 % 0
A A8 559 %E—ﬂ.—% Bt vjAPS s & E}
Wiener® HIAE 0 2 0] AR A ofghe] @ 2b7} Q1=
0 '3k A4 °}°} H] 8k 7 ol A w93k Z“é
A AR ER1E 4= Qlrt. Wk, Fig. 594 & 5 9l%e
Zroll M= ?}017} Zl, AAE BRo] shite] 74] -
ab7] wel B R s A Algte] 7P gtk SR
Al 715 Fo A AR Y 7 o o] A 33
W stako] 2o} 5l W9le] FA vy £52] vl
< < g7 A

o%

o]
0,
o
)

101235
TR
1 oft 32 (B O &

oZimlO

e = to nx ;0
R N SO 3
1@ 1o o o > b [

ofll
ol
&

4-2. OHOI _T'_X‘I

P %*35101 °1~tﬂ 29 %J(le W7 50mm oF2l ©=
(T,)y= W7 20mme] k- 5%] A=-joltt, T} T, Atolell= U]
7 4mmQ) 125cm®] Ze] -2 erA] FRE AdE ] Qi) 1,9
e WA 2mme] w9 #E E-dw A FEE FHojqlth
9ol BA 102 FY Bol7hs 52 £|o|= WMHE PWM
WA 07 A1 ol 2AFTE o] Alo] S Aol BAdETH
3789 9 32 1o A9E 9 AME St

o] o9l 3] BEYS ek 4 oldle} e,

A (0) =~k Iy (6) + by (u(t) +uy) 25
Ayhi () = =k Jhy(R) + ey 1y (8) (26)

Korean Chem. Eng. Res., Vol. 61, No. 1, February, 2023



94 WFE A - A
~ | pC -
—> I
i
|
Tl :
|
— i
y
Tube |
|
|
T O

Fig. 7. Liquid level system to mimic a Wiener-type nonlinear process
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Fig. 8. Series of step responses for the liquid level system (experi-
mental results).
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Table 1. Identification results for the liquid level system (experimental
results)

2(x) Gain variation ratio’
3.537 x 107 + 1.124x 26
2.101 x 1042 + 1.433x
2.880 x 104% + 1.274x

"Ratio between the maximum and minimum gains
1Gain variations for g"(g,,(x))

Steady state (g(x))
Sinusoidal response 1.5 (compensated)

Step experiment 1.2 (compensated)*
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ics (experimental results).
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