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On-line Parameter Estimation of

Continuous-time Systems using a Genetic Algorithm

of & & XA
(Hyun-Sik Lee, Gang-Gyoo Jin)

Abstract

: This paper presents an on-line scheme for parameter estimation of continuous-time systems, based

on the model adjustment technique and the genetic algorithm technique. To deal with the initialisation and

unmeasurable signal problems in on-line parameter estimation of continuous-time systems, a discrete-time model

is obtained for the linear differential equation model and approximations of unmeasurable states with the

observable output and its time-delayed values are obtained for the nonlinear state space model.

Noisy

observations may affect these approximation processes and degrade the estimation performance. A digital prefilter

is therefore incorporated to avoid direct approximations of system derivatives from possible noisy observations.

The parameters of both the model and the designed filter are adjusted on-line by a genetic algorithm. A set of

simulation works for linear and nonlinear systems is carried out to demonstrate the effectiveness of the proposed

method.
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Fig. 1. Performance index of a lst-order system
with a Gaussian noise (inverted ISE).
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Procedure of the Hybrid Genetic Algorithm

Set k= 0;
Create an initial population randomly;
Decode individuals into parameter vectors;
FEvaluate fitness incorporating the scaling wind-
ow scheme and determine the best;
While <the termination conditions are not met>
Assign a new vector to each individual using
the gradient-like formula;
Encode the new vectors into structures toform
mating pool;
Crossover and mutate;
Decode individuals into parameter vectors,
Evaluate fitness incorporating the scaling
window scheme and determine the best(out-
put the potential solution at this step);
Set k= k+1;
End While
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Fig. 2. Schematic diagram for on-line parameter
estimation of linear systems.

Aere] zsks b 5 HGAE AATY $9, = 2
ANRY AyEste 24 sdvEz 449 299 9
Bl 45g Ho) Asted SAWSE Baw shed A
FEE of BHPFERE H@3) Ause Ak Axun
o) Wstl Mo WA 2o FHAE
7) fite] HRAZE FAY ANE e B 2GS
& ol g3t

J@- 3% 1 5.0-y0) 12

971y, = dE 28 Eel:, @=[a, By, Vi, &y, a, P
vy Vo, 8oy, bo, 0] € RT™E 2AEE Haju)gl WE ol
i, Wi dolg 9599 Avjelth, W9 A= FAHXA
o Aot AAAIRE Alolo A A3 ElgEHo] Adg
o HGAE EA359 go]l Havl H=g o2 A3
S Eia=

(12)el A ¢k 4= gl%o] & FAHAE A7) 9§ &
e 78 A7 "M AtEr] g2 2de 75
a7 g W7Hel &9 dole B& viFe Aol 3
o oEd 2dg 27887 A oY R 4EY
dlole] o] g7EEd 1Y 32 dolE vHE BAFT
Atk 2L dlolE % {u, yvpiol EoiA winit} vz g W
€& AZEHT BAF o



Journal of Control, Automation and Systems Engineering, Vol. 4, No. 1, February, 1998 79

n  data for adjustable  model
y y
{ } yu(k)
k-W- k-W k-W+1 k
} } ko
 § A

W data for adjustable model run

a9 3. dlo]E uvin.
Fig. 3. Data buffer.

IV. H{M8A| Ao Hajolel £H
AadE siMstn dAskE oA v M A A9
EdS AY A1z ske A9t &3] 2yHYG, o3 2
Aol AAM 71E9) FHIIUES AH HEa7)dE= oy
&0 May {FALTHAEZS HA 49 5 Yot uME
Ao HAEHE FHsE EAld ojd R R
TE} AFE A2 AN BUs Ao g FEm )
£ Aoz gdEdAL
x= f(@, x, u) (13a)
v=g(@, x, u (13b)
9471M, x € R'% ye Re 27t 24w Aejue g}
903, e HYvE #HEolY, ()= v|HE Fwg
olx, g(-)&= v M Fhpolth
1. =Yedo| %75
HAvH 9 2}Ql FHA uf YEYrjt} 2HYLAL =
7184817] flste] RE AEidige] 2o a7} 7)&H
EE BAHA AR ZHo] ol2le NEE RN 1
Azl A MY ABE o] g4 ZAH o7 258 &
ok ek gEpdSsl x= v (1<j<nz Rogn A
A 47F dzt)= z2(t-T), Az2(t)= 47'24-T)Q) BAE 712
o, ZAo] olEle HHwLE thgw go| o)
& yVe vl j3 5842 e
x0= (154) '
- ST G=DI(=D"y(t—mT)
m=0 m!(G-—m-—-1!T'!
wetA zARD] S x; 2<j<n)9 27)3= (14)
oA ydizlel HE FHANE y,8 gxFoA 44 A
< & Aok
2. 2212 Hajolg =X
FRLREEFS ol &sld v YA 2ee HeynEE =
47 A FARE 29 49 2ol

2<j=n) (14

v(t)
(3] ¥pl) F0}
. X

— e System —p
i

u(k)f / k)

- L -

Filter Filter

State

k) Reconstructor ;r(k)
-

. yk) +

. pd

Model

—e] |
HGA

- |
a9 4 v ¥ AR 289 HyuE 23 AR
Fig. 4. Schematic diagram for on-line parameter
estimation of nonlinear systems.

YAz Aol 33 wek $AY Pelv} AgH
3 2ee 23E A (1499 247} AU 5
AR EE SHYS gol Hav) AR 2R g
H Haviez #Y5 uy 92 2y

kT

J@= [ 15, m-yml (15)

°f 3K 2 FHXE A7) st 2l TEE W
o AEH dlolE 43 2d z78ld e nAe Y=
g doly %2 Bmel Aol At {u, yl7t AEA @
oA HHf e dolHES HTEHD I Ugo] BAl
"o

V. 22| g

2l 27 FHLuYEE o8ty dba)age)
HAEE Fshs 2 i 45e drler) dstd =
e HAAEAY. B Aol ARz AMEF HGA
o HaAvlee Jgdar) N=6, AP AF n=17 (1<i<
N), ivh #E P=1, E9¥o| FE P,=0005 =AU 9
5 Weelg AEatduh9). dutdon gudneZos
FH dojAe FHAY ArE x27Ag Ade A
FTHRE olF wixsly] st 7t dAldAE EHUE seed
2 220389 By e B3m, 471 2L A PG
st A st

oOF 1: A A A2 o] gl &AM M8 3
A2 HAvHE FAsE A8 w8y

(1+aip+azp™+agp))y,(t)= bou(t) (16)
(a1= 25, a»= 4.0, a3= 1.5, by= 1)

ZHARDE (1+ap+Bip?)(1+ap)y(t)= bu(t)E MAE QT o]
25H q, b, @3 & F33 q, By, 029 b= 2+2} 10

E o9 o]l 2Eyow R3gslyun, @A pre
00=<a, By, a, b<10232.2 HAsYL) dolg AT L W
S AEY 7 TE 247 10009 00322 MAsHTh A
293 2AR R Qe Alxwle xlgEms
2o Fag Rl ¥FEHEE 14=05sin(0.1t)+2sin(0.5t) +
0.5sin(1t)+4.5sin(1.5t)+0.3sin(3t)+1.2sin(5t) & A}&5} 5},
2080 FAAHES dAstn FAXo HFy wEHx

T8 A 21=2.003£0.011, 3:=3.03010.001, 2,=0471+

001, £o=0.997£0.000& Act o AB}aRyY 2Hx
< AR @=2, p1=3, ©=05, b=1°] HIIFe & % 9
. 1% 5% HGA®l 289 AYvgd %39 3 o n
oF3 o},

X 2: ot FSol e AN FoA & A~
gel HAgrHE FHse FAS 2ok 59 2R
o] AHEHAL Y ot FSd 2387} N/S=10%2]
WAZEol FAHE RAow FHA VI E q, B,
az, bo%t FAA 0. FAHEHAY o= 9HE 2EgoT
T2 P 1 FATFRE 03<0, <2002 HAZAT}

203)9] RoAHY A 3=2.013%0.749, %=2.957+0.005,
@2=0577£0.001, $0=1.023+0.001, @c=1.241+0.022¢) 23
AE AUt Fgol YE SAHAME Alx"e mn)y
FRAE AAG HIFL & 5 Ak 1Y 6 A2
% oo ME IR "HO Fi4 $9S BoF 3 g} 1
HozRE I AdFase Fg AA 982 23l
7] 8t Al2' NEE PFA A Y= HYdA A~
del IR FMA Mesolor g #gAd = gk 19
7S HYvEe 4 B & 4 HoFEn)

2

ROy



80

1000 2000 3000
Generation

(a) Performance index

a3y 5 A¥

Fig. &.

15

1000 2000 3000
Generat ion

(b) Systemn parameter estimates

3xbA| ~glo] HepnlE A A (Lol
A= &7).
Parameter estimation process of a linear
3rd-order system (noise-free environment).

Magnitude

051}

system

19 6.
Fig. 6.

10° 10'

wlrad/sec)

Azgst geel 25 g4,

Frequency responses of the system and the

IIR filters.

20

1000 2000 3000
Generaion

(a) Performance index

HIO| - A1s8t - ALEES =2A M43 M1 Z 1982

5

4 — bk T h

3

2

I

0

0 1000 2000 3000

Generation

(b) System parameter estimates

80

60

40

20

0 1000 2000 3000
Generat ion

(c) Cutoff frequency estimate
a9 7. A% 3xpA 2" HAgv Y FH A (F Sl
d= A
Fig. 7. Parameter estimation process of a linear

3rd-order system (noisy environment).

ofX 3 : vix|gtoz A HhHe AelEt WA o
2 @ My e s A" HYnE FHAE &
HHoz o)gd & UsE nalh

x= *2 (17a)
—xi— ax,+ Acos (x)
(a= 0.05, B=7.5)
y= [1 0lx (17b)
718 x=[xi xl"=ly yl'elth 1Y 8& Z7|¥WE}

x(0)=[3 41" U W] o] Axde] et Ar|ME F
S aEshA] FAUch Ax®y B Pz 2AHRYS
33l a, BE FASAT) q b 42 108E Zolof 2

oz REF3HUD, BN TIE 00<q B<102302
AARstgde Wik Te Z+zb 500, 00222 A3} «f
AEY vtk 2l AHRBSFE xi(=ypt), xo()=[yp(t)-
yot-T/TE Z7|sd},

2oAy Ax AAge] HZeE 2=0050%£0.000, A=
7.500%10.0109 FAHAE AU 29 9= HYv|Ee FA

% (m oz do
o&i o,

Bl 3 o & HoFTm Qo
10
8
6F
4
2k
0
X2 Ll
-4
-6
-8
1% 4 2 0 2 4 5

Y 8 7oA A" YAE
Fig. 8 Phase plane of a chaos system.



Journal of Control, Automation and Systems Engineering, Vol 4, No. 1, February, 1998 81

50

40

30

20

10

L

0 250 500 750 1000
Generation

(a) Performance index

10

0 250 500 750 1000
Generat ion

(b) System parameter estimates

g 9 vAdY gt Alade] HHgvE 4 A4,
Fig. 9. Parameter estimation process of a nonlinear
chaos system.

VI d&

B =EdMe 2d 2379 FAgndEE o83
of d&Aj2ge] HYPvEE 2A FAsE 7IEE AN
ek AEAFEY At 28l F AN AEH
of 3t 2359 Z7|st BAE Ay At HF vE
WA mdo] A9t Adat AgS T olAAEe &
48 dUx I*W‘ FeiFzr 2o AeE ¥ 18
o Add ’dii AT 5 gle NEE AT o]
2@ Az ZAs A —’I‘— J2te) oS AFANZA B
BEE gol 93-S worg IR tX¥ Fe& HAs

of # 4

19964 @Z el gistn Ao A5
4. 198d~8A FUd AAAF
eI vAbRA, dFEoke FAYER
2E, A2 AH, HAAo.

A3, 9e9 4% £ 98 sy A7) H957] o
2o FALAAZE ol 8e] N2W Aele) Aeholel S
A 2Rsdth AGY WEe B dvelA g 4
2o AGNAY sol thd Aladel SeE 2R
ol es BHA ARG Fobo] ST

Aagsl
(11 I D. Landau, “A survey of model reference
adaptive  techniques-theory and  applications,”

Automatica, vol. 10, no. 10, pp. 353-379, 1974.
[2] P. Young,
time models-a survey,”

“Parameter estimation for continuous-
Automatica, vol. 17, no. 1,

pp. 23-39, 1981.

[3] A. V. Mathew and F. W. Fairman, “Transfer
function matrix identification,” [EEE Trans,
Circuits and Systems, vol. CAS-21, no. 5, pp.
H34-588, 1974.

[4] S. Sagara, Z. Yang and K. Wada, “Identification of
continuous systems using digital low-pass filters,”
Int. J. Syst. Sci., vol. 22, no. 7, pp. 1159-1176, 1991.

[5] J. H. Holland, Adaptation in Natural and Artificial
Systems, The University o Michigan
Michigan, 1975.

[6] R Das and D. E. Goldberg, “Discrete-time
parameter estimation with genetic algorithms,”
Proc. 19th Annual Pittsburgh Conf on Modeling
and Simulation, pp. 2391-2395, 1988.

[71 K. Kristinsson and G. A. Dumont, “System
identification and control using genetic algorithms,”
IEEE Trans. Syst, Man and Cybern., vol. 22, no.
5, pp. 1033-1046, 1992.

[8] G. Jin, “Intelligent fuzzy logic control of processes
with time delays,” PhD Thesis, University o
Wales Cardiff, UK, 1996.

99 D. T. Pham and G. Jin, “A hybrid genetic
algorithm,” Proc 3rd World Cong. on Expert
Systems, Seoul, Korea, vol. 2, pp. 748-757, 1996.

Press,

azgw

19773 k=8t 71@etd &9 F
it A AR1981). 19853 Florida Ins-
titute of Technology A7) A7 FEF
g3} M AL 19961 University of Wales
Cardiff A7|AAAI2dFetat  dhAL
19813 ~d A FFedsta 253 -
AHFEE g BAEoE ALY E, HRA F



