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Abstract — The step to obtain a process dynamic model through process experiments is very important because it needs
times and expenditures. Step response method is one of the standard methods to have long been used for understanding process
dynamics, obtaining dynamical models and designing control systems. For the step response, it is usually required to measure
process output for a step input change in the open-loop manner. Its disadvantage criticized is the long open-loop operation. For
this, a method based on the time-optimal control technique to minimize the test time for obtaining the step response has
been recently presented. However, the method requires iterative computations for the minimization of test times. Here, a
method where iterative computations are not required is proposed. Simulation results are presented to show that test
times to obtain step responses are reduced considerably and an autotuning method based on the proposed method is
compared with the relay feedback autotuning method accepted widely for the autotuning of controllers.
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(b) Switched Step Test (One-time Switching)
Fig. 1. Step input and output responses.
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(b) Switched Step Test (Three-time Switching)

Fig. 2. Proposed input and output responses.
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zEe e
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gelshd
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Fig. 3. Responses of y (t) and y,,,(t) for the processes of G(s)=e™®/
(s+1).
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Aol A A Alzl A (A= 00012 3lar, 34 8 glo)
0.1Qell E23hs ARES 17 AEisisick 2] 9)2 413 A
918 ki 200 (kAE0.2)% 33T Fig, 30 Ale-39 y ()2 AQtshe
Yot 5 ESICE Table 16 AN A7E B

AIZF 2| Q10] 9=0.291 7S, A|QFsH= W o] A8 A|7ko] 11
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Table 1. Simulation results for the problems of step test time reductions

Yin/ +
Process to - togos
i oy ¢, 05 e
1.000
1.000
0=02  0.705 é'gg‘s‘ 3.782 g'gg‘z‘ 4114
—0s : -
eﬂ 0002 oo
S
0.
0=1.0 2301 }'ggé 0. Nan* 4914
. 1.000
1.000
1.000
(0.55+1)e > 0.191 4.485
e 2080 oo ‘1"143451 o3 6453
: 0.000
1.000
1.000
—0.2s
< 1261 9B o455 295 gogg
Prstl 0844 0 2052
. 0.000
1.000
0.092
2.194 8;?2 0433 ;0822
B 2475 S
02 oo 1718
(s+1)’ Las 980500
4294 : 3237 ;
2491 oo 1805,
: 21.60

+time to reach 98% of new steady state in the step response.
*Not a valid number.
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(s+1)
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TAPollA 25 A7F 2 (At 0.0012 3133, 378 &8 3tol
0.1(¢)°ll =E3h= AIRES 1,2 AHSIT 2] (9)2] A8 H Ak
< 93 k& 200 (kAE=0.2)= 3F3ATE. Fig. 40 A3 y (0} #1
AER= v, (D~Y,,3(0E AT Table 100 AXF A3}2 BT
AoksH= P o] A8 Aj7to] A0l ARk wt AE A7k} 1)
W3k 1/30]3F2 EA T AL & Ut o|xF Al Ao BE &
2] switching®] & 28}T}. $HH S switching @ 2+ AJ7ko] F4-3]
AA] ko £ A9E 7|dE 4= QUTh. Fig. 49} Table 18] A3}
7t olE EO%TE ATt

Process 3: TH>-2] underdamped &= 1123t}
—0.2s
G(s) = (12)
sT+s+1

BRI A A AIRE T (AN 0.001% 3F9laL, 2 &9 Fho
0.1l =38he AR 1,2 A EsIglt. 4] (9)9/] 3 5]_/}_1 20
213} k= 200 (KAE=0.2)E BF3ICE Fig. 50l Ak y (1)o} #otkeh=
VO3 OF EATE Table 191 AXF A3}E B

Aeksl= Hh o] 218 A]7ko] AR Akert A8 A7k} 1]
wate] 1/6°18E Eol == 2l B < Qlvk 919 switching© #+=

AREe] B8] AA ghow F& AakE 71ti% 5 ik Fig. 59t
Table 18] A7} o]F ®olFa QiTh,

Korean Chem. Eng. Res., Vol. 58, No. 2, May, 2020

ﬂH

0|
ﬂl

0



194

Fig. 5. Responses of y(t) and y,,,,(t)~y,,3(t) for the process of G(s)=
(s’ +s+1).
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—0.2s

G(S)= e 3 (13)
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0.1 EER= AR 12 st 4 (9)2] AE HaAss
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x-]]q_}g—]»t__ Hol—\ﬂ‘o/] /\164 }\]7}01 —];HPHO] 74] _Q_\ﬂ— /\]7]_34_ H]
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Fig. 8. Responses of the proposed and relay feedback autotuning
methods for the process of G(s)=5¢"%/((s+1)(0.2s+1)(0.04s+1))
(solid line: proposed, dotted line: relay feedback).

feedback 2H5-7d " [7)} W] a5 SHSict.
Process 5: TF22] 32} A|7Hx]91 34 1183,

5 —0.02s
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BARIA] A AR ZHA (A 0.001% 3L, 57
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switching WH& 11243} T}. Fig. 8ol AFgHd A} =
W& HITH Table 20 22 ARt A3E Bk AR
Qs AR 127 AER EAE, F9 o= o %
50| AR = Ao ARl dojA)= As & 5 UTh
st Aloy7] Ao Al el AT 22| relay feedbackel]
gk BTy W S Gooa o & 9] WEo®
HETHS].

Process 6: Thx2] o185 375 aLefsitt.

i
NA
n T&l
)
1o 6

oo 2K T

O
A R S )

T
o0

A ol

—0.02s

5(-0.2s+1)e

G(s) = :
(s+1)

YA AR AIZF M (A 0.001E 3FaL, 3 &8 gto)
0.2(0pll =Eah= ARES 2 AEslolet. o7 14= 7 W2 switching

Rhe ALESISIT Fig. 90 ARsRd At v SHe Btk

Table 2. Results of autotuning methods
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15}
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Fig. 9. Responses of the proposed and relay feedback autotuning
methods for the process of G(s)=5(-0.2s+1)e**'S/(s+1)? (solid
line: proposed, dotted line: relay feedback).

Table 201 22 AXF A= HYITE Apa7dol Dok ARk 133
HEE 2B, Fd Avhe o] 4 Wso] gl Alojal~ge]
o= AL & 4= Q). Ak Alo)7] A= AeksHel A
3t 220] relay feedbackel] A g BT} U2 Fulgs ool
O & gr] w2 gk,

54 E
RHS ARto] A& flas AR A A0 7ol A Al SR
W2 AJZEe]] = WS AlRBSIITE. AlREA| Qo] A2 - Al
e G AR 13 Bu H Eole Ale BARE Foko] B3lth
AR 2T A glof A7k} H]go] 1= 7P T a3 g o
4 el Mgk 1 ¥4 F8s S5k 34 Rds ¥
A= e, o] AgHa de ARk Fols WS v

== relay feedback A& 73 HH ¥ ] w33t AsFd A
LTEE AR 13 7R Y g Aa, ¥ g
AL A7) 7 AdE 2= 7 AUk

FOPTD model PI controller

Process Method Test time K . Y K 5 Mp*

57002 Proposed 0.978 4.8890 1.0973 0.2139 0.4781 1.0973 1.42
(s+1)(0.2s+1)(0.04s+1) Relay Feedback 2.74 5.0068 1.8255 0.1795 1.0158 1.4357 1.87
5(=0.2s+1)e ™' Proposed 2.317 5.0034 1.8630 0.6196 0.1613 1.8630 1.31
(s+1) Relay Feedback 7.835 4.9992 2.7361 0.5922 0.4621 2.7361 1.87

*Peak amplitude ratio of the sensitivity function, S(s)=(1+G(s)C(s))".
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