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System modeling from close-loop response

Jaoung-Nae Choi, Young-Guk Ryu, Joon-Ho Cho. Hyung-8oo Hwang
wonkwnag univ. Engineering of control & instrumentaion

Abstract - In this paper, a new method for system
identification is proposed. Unknown dynamic system
is identified to the second order transfer function,
which can be applied to PID controller design.

First, overshoot({ o), settling time( ), and steady state
value( y,) are obtained from the step response of
unknown dynamic system. And then, we can get the
second order transfer function using equations which
are extracted from those three parameters(o,, t.,y,)
through mathmatical analysis,

In addition, simulation is camried out to show excellent
performance of proposed identification method compare
with other.

1. M8
ulzle] FHE Aoldr] ¥ QFEC] Yol VYH®
Ak, 4 FAE AEr) dAMEe TH FENE ¢
olop gtk FF €Y doH=RH FAEL BdY 3
= e r ¥x, RE-HX, FYUELR e uA
Y o]ZEo] Ho] AAHJANT, ojH YL vjHE 7
4¢ FE3A "5z, A g Bol AgdHn e
PID A71& AL ¥ 4 gk, A998 7aA &
I PID Alo71E& 4AS e Wyoze Yo 52
Aol 7HE Wol ALg€Ert. By ol X AY¥L ¥
o gAClET dAFYE Fala, o] ¥ e geny
H  PID Aoriel st Fae wioe=e
Ziegler -Nichos ¥¥e] 713 ©o] Alg"nt, %%
gk o] e AAEE MRAY vdBA el & A5
= $L HeE 92 # g oE wyege
Cohen-coon, ITAE, IMCE9 #WHEc] A ol
T Uy e A 4B ALYrE Yook s, 53
FAol dstdA HE st ol WEEE AL
87 Yaie 349 FE} ALY+ E 2dy € ¢
84d°] gtk
Wange dd°] $2 438289y 239 a4 &9
€ F332, Nyquist $H2HE AAIE 7IAe 2
A F3 e ALFFE Fihe ol AAFAL
v, ool g e gAtol ~x, ~2/2 AYE BHEE A
gt R & stesivte EAAHC) YR, o1& AdH 9
g Pyl Ad3sn UH3]. F=F AFGHdME 2
qegdogre AZvig eWGEE olistd 33 A
g¥5E ot o] AAHUAT, ¥e 23E )
A3 9ek
B =RdAMe viAle 34 9 A= 29 $ge
2REl ewjgrE APAL, AATYLAE FEn, o)
A e grezRE 23 T ASUSFE Sz
= UHE AAstn, £ 9548 % e AE

#ojd g Fated Bt

2. Fo5 Sgdoz g AT
ulAle] FA A R 9 GlUwERY o (1)

A

e 23 AdRds Y ¢ & gl o] Wy
23A A2dE 23 AARD2Y FaHH A AHEH
€ oo

S Al
G(9= ast+bs+c (1

A7 A a, b, ¢, L& AAHE wAFolN g, b, c L
o el @t 4 (19 2de A2 Ee HIES A
22 A= 339 $54S EEE & Ydoh

409} vixSE 2R dHME 409 do] Bast

. £Gliw)=—n. AG(ja)b)=——27L?_l z23s o,

% wolA g FAY 2 Rde Fu5 £9o] o
AeE Fegd uALE 23E £ T F,
GCiw)=CGw). Glw)=0(w)?d ZALZYRE
dg 4L FEYE 5 s
cos(w.L)—jsin(w. L)
=G
cos{w,L) — jsin(w,l)
—-ilGGal
A HNES 29 oldd Ze AAE dert
sin(w.L)  o]GUael|  _
cos(wpL) ~ wplGlUawdl "

(2

c—ad’ + b=

(3)

c— am%+jbm,,=

4

1 sin{w,L) | cos{wL)
o=t et Teter | 2
sin(w. L)
b= 0l GG ©
1 o?sin(w,l) | w}cos(w,l) ] 7)
€= mi—wg[ 1GGw» 1GGe

H(4)e vAY BN ez AygHeor A AU oY
th 23849 27148 & 433A Newton-Raphson
vhEE e 2143l S FE £ Uk 271 E B
71 8 Al BAN ¥4E obuist #o) AN}
gt
sin(@=p+gxr , cos{p)=pt+rr+l
A7), p=(8/*)1—V2), q=(2/x)(2V2~1),
r=(2/n)(2V2—3)°|}.
A (5)d A& dF 4L dett.
Kot — 00)L +(qw .~ Orw)L— =0 (8)
ANA 0= (adGliw) o) Cliovd)olt.
(99 = FoA Zuigte] F& o€ AVIX=E 44
83l Newton-Raphson #hd$ A &8t
L

L2=L1“‘—f% (9)

sin(w,L) olGlw)l
A7 AD =Gyl ~ wnl Gl

-686-



(D)= wysin(w,L)sin(w,L) + v cos{w,l) cos (w L)

cos X(wsL)

g, Wang o] MAF Fi ggozRES F
A AEGE4E T PHe, 33 2dd gHe] &
Ng B9t Nyquistﬁiﬂ- -7/2% -3 AR @
= 4A%c 388 + glde —‘;-zﬂxtj 7}315'- A=
g%% olElY Afdx ALY F e PP AT
3. NS ez e 2aYy

E =EdAE uAY AL 4 (1038 2L e 2

A Zdold PRI AFL $YoZNE ARSY
TARANENE T PP ANsA,

CO=7 (10)
A 109 &9 2" g% HEzige
V(=g S (1)

s(s*+ as+ b+ o)
A% ddage A 12)9 2o
Ho0) =y, = lims¥(s) = 5 12)
A (DY detgds ARS st AREEE Faa

) l (_%Mgl ,,~_u_k)‘ (~4e- bRy
WhH= < + < e !

e
R T (R O s T P U W T
A7, 2’ 4b+4cS] ALl dEte

-1,
2 2
(H=—X— 2e V4bt+4c—a® ,
HO=TF4s V (4b+4c—a®)(b+ o) °°S( 2 ! ”)

71 & = tan ! a IS TR LR c—az)
o 71A, §=tan (m)orﬁ cos (ﬁm—

42 aasl 37 49

~Hbtleme | peviient shu
—-%-at
wH= E}z——eTﬂcos(at—ﬁ)}

o 3‘5]4?5_2 T37) 98

g su

—}-(—l *—4—;—0 eHLAIcos(at—%)

2

=2l N FoewFES A

T2
0, =¢ #— eaﬁ cos(:r—ﬁ)'
—[ax
- < e
B BZ(H 2a
adl st thA] HHEE
&_1=e_745+a4c—02
ySS

Vwrof(z) "
Je Al )

ARAZE 87 sl £2AE T 40147 Wek
- 2¢ ~fat
ye(t) b+C ‘/ (b+c)(4b+4c p ) e (14)

S0l AAPUEITE 5% oW Folrbe ARg 3
AAAZ tE R A(12), A(1DEFEH H(15E dE
o,

La

C T2
V0= + TSt ae—a) © (15)

213}, (15)e25FE A Astd

—at, _ _ 0.0025ys &
e = (.0025 i
| (o+40n(—1)* o 2
I In[*~1
S Yss
e =0.0025—0.0025

e

Timp= ln(ﬁs-—l)i X ghah,

Yss

A 0)x%
e 74:-:4;:_, b = 0.0025(1- x%emp
) 7r2+x%emb
(4b+ 4C)x%emp X temp
_y bttt — In(0.0025—0.0025 ”2+xm)

Fue AT 416 B¢ + Atk

(46+ 4C)x%emp _ _ X temp 2
g - 1n(0.0025 0.0025 7= )}
2 2
bte = ifz—’i’f—@{m(o.oozs—o.oozsw)}
45\719,@[% ”2+xtemp (16)
2 (12),(13),(16) 2258 TAASRUE g b cE T
+ 9
2
¢ = yssmlm(o.oozs—o.ooz5—f’e—’"’)]
4 temptz 7r+xtemp Qa7
p=17¥s (18)
Vs

\/ (4b+4C){1n(&*1)}2

¢ ,,2+{m( oy 1

I FHozRE AYYHY v BAAMT
HULWHFE o, T3z, 4 (17), (18), 19F I

o~ OH
o

. o
i

31 23} AAdoz mdy & £ Q)
4. NEolM
B o=FolA Aot WS AESY] Ao 371A 9 F
Aol el T4 SHOZRE 2XRAAARD S T3
= Wang's 3, B =894A =ggd $ds Aa F4
9] $EHE AEH)HE B3 vAE A

—0.5¢
2z, e
e L s+1
AAAE 71 12 FA 1 S04 $83 A2
z3dg I¥1 (a), (b)°ﬂ 7z H _‘4 3—‘“&1 (a)oll A,
w, = 1.3068 w.=3.6733 <}, (b)olA = 05455 yg

=05 =228 deth o] FEZHEH wang's YHE
A8t 23 AR E“é 4 (200& dEx, B =F9
A A wyeg 23 FARD A 2DE derh &
Zte} mda A FHY HFEZLEE 2 L (09 B
It

- 687 -



~0.495s

- o : £
22 ARG 29 0.005s% + 1.005s+ 1.000 @0
2 ma .o 29193 21

s*+2.9325+2.9193
39 L (©dA 29, Add BEe A FH) d
AL te] g AT YA, eWFHE W
ZENTLS AR XYL & + Ao

: 8T

Az D R 0

(@) #35 9

(A 712 2l gig HFEZ e v
81 31

0.9
¥F2 0.001055° + 0.2104s% + 0.8913s

4 20| A Fug g AR egg AY 1y 2
(@), (ol BTk I8 2 (@A f4de] —x9 N HE
FHsA 2] HE] Wang's HYE HEE F Uk
29 2 ERE 01001, ye=1, #=238& dx AA
S AN 4229 23 =dg det

. . 3,203
B et 6. 413X 10 @)

B oy 1

|
|
|
|
1

B T Y B Y R Y S BT Y]

(a) -ru} %%

(0 2AZA% 528 249 AF=ESH
oy 2 3% 2
a2y 2. (o) d4 THEH 29 g9 Frueyg
< B4
S S
G S +4s+4

A7 FHe) 22 A B9l FAs

+83, AF=se

€ 29 3. (a), (b & x4, 29 3 ()8 B9,
el —z2d AAE FH4HA &7 dF, wang'se]
wye H4d 4 gl 29 3 (WERE 05216 y,
=05, $=167% @2, ZAHog A (23)4 23 2L
% ot
P2 00285+ 40055 23

4 23 é—l*ﬂ%"‘é% wiasid TR ert A o
Age & 5 A2, 28 3 (bl dAFHH} F22d
o }Y AFZ %"a‘—"- E'.S&E}

a

T H eree OUGIAL PEOONEE
o e PrOpOORd M

(a) Fo+87
gl 3. %3 3

(b) 4AF3A 22
FL3e

5. dE

L =gdE nxe Yo Y FHHE WFEZEHL
22H 24 ¥AHezr 2ddy & PEE ASsHo
o]l $ L Fu4 dgolM ZAY 3= Wang'se] Y
& fgel —x ~n/290 APE Avopt ALIHEE
e A%e 2gdn, ¢ RE FPSHLEREH 2/
FRoz 29y &) Wi, 1AA N2de] 2dE
4 HAole 44Y 4 ek 23 FAo] daode A
g3 RO E 2L F UATL, o) FF 2AA
oAU, AAAE 7HAlE AfddE G 237} G-

o g #®

[U ng'Guo Wang, Chang-Chiang Hang and Qiang
Bi, “A Technique for Frequency Response
Identification from Relay Feedback”,IEEE Trans,
on control systems, vol. 7, NO.1, pp 122-128,
1999

(2) Anthony 8. McCormack and Keith R. Godfrey,
“Rule-Based Autotuning Based on Frequency
Domain Identification”, IEEE Trans. on control
systems, vol 6, No.1, pp 43-54, 1998

(3] Qing-Guo, Tong-Heng Lee, Ho-Wang Fung,
Qiang Bi, Yu Zhang. “PID Tuning for Improved
Performance”, 1EEE Trans. on control. vol.7,
NO.4, 1999.

(4] Benjamin C. Kuo. "AEAY", A&, 1995

(5] Akaike H., "A new look at the statistical model
identification”., IEEE Trans. Auto. Control,
AC-19 pp716-723, 1974

(6} Ljung. L.. "System Identification ~Theory for the
User”, Prentice Hall, englewood cliffs, NJ, 1987

[7) Sjoberg, J., Zhang, Q., Ljung, L., Benveniste,
A., Delyon, B., Glorennec, P., Hjalmarsson, H.,
and Juditsky. A., "Nonlinear black-box modeling
in system identification” A unified overview”,
Automatica, 31, 1995

(8) Solbrand, G.. Ahlen, A., and Ljung, L.,
"Recursive methods for off-line identification’,
Int. J. control, 41(1), 177-191, 1985

- 688 -



