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Identification of Nonlinear System using Extended GMDH algorithm

Dongwon Kim*, Byoungjun Park™.
* Division of Electrical & Electronic Engineering of Wonkwang Univ.
** Dept. of Electrical Engineering. Suwon Univ.

Abstract - The identification of nonlinear
system using Extended GMDH(EGMDH) is
studied in this paper. The proposed EGM DH
algorithm is based on GMDH(Group Method of
Data handling) method and its structure is
similar to Neural Networks. The each node of
EGMDH structure utilizes several types of
high-order polynomial such as linear, quadratic
and cubic, and is connected as various kinds of
multi-variable inputs. As the operating
condition changes, the parameters of EGMDH
will also change. so the proposed scheme by
means of the EGMDH method is capable of
adapting rapidly to the changing environment.
The simulation result shows that the simple
nonlinear process can be modeled reasonably
well by the proposed method which are simple
but efficient.

1.4 B
Tl B2 AF7tEe] Aoy 2dy s dgd
wgios AFsta vk I F 7R Hi o] YE¥
dolEle] 93 MEA] T A=EA FF ALY
29y 7y 22 ehd mddo] {431 AMEH LS
o 23y 2dES s s A *E‘ﬂ 1 s,
TFRFES] Afde g5doz 2de Hdo] THHA
| W2 AAENE FEE F g A7 . A
G. Ivakhnenko¥ °l¥ '5':11]@% sy 9T Wye
2 ¥ 23b4d 23 REXHANE AZHdon 2t
<

o YAy md FHAE AL £ e GMDH ( Group
Method of Data Handling) @:2l&& AL3TH1).
azy AAAY s AlaES q];f}“ﬂ of 2¥
2 ZEe okt dERSLE7Ee A3 EHQ] |
£ g8t stgen, 2aoRe ta BRY A2HE
37 e gEHolt}t, 53 133 3dE FUs
Fol= AEFFgE F22 Y Fo] AR BE
$5 2308 BHIERE A|x"o] W A-gEe] ¥
ozE Aol wHo|t B =¥ °ﬂ"1x_ 2¥ 21}’4
GMDH ZxzZ9 5"7‘112 =535 34" GMDH €32
Z5 Attt v 45}1 Mg s
o, 2344 1i}(linear). Zi}(quadratic), 32k cubic
To2 AFE Uekste] Alxgd gte 1RE A 8%
}}o"‘]?ﬁlq A ARG e ARE AR AF
o] RERH2A I 93l Aot}

2. == B
2.1 GMDH 231al&

299 sua e o Asde 9HEF x & x,
293 29 yel A dalAd 4 (D3 2 HAH

o}L

Sungkwun Oh*. Hyunki Kim**

A% ANGozA o TnFE AFAT

o} 8% —1% Argste] 7129 n He AE x1, xe, ...,

xa3 oo g mile) £8 yE A&3te n(n-1)/2789)
152 49 4 Utk A7M 22 942y PRIV E
AATRNE 2 F ol T *—J"Pé"Mt ig=g
I 712S 53 2RESG o] AHeA yE T F 01
zate 27 37 29E9 AEE 4& F Ut oA A

Alol B #zhe] 12} A ol8dtd MEE —‘%’“
T&%éﬂe et & x1, x. ..., xS JIEHEEAS
Azo] AL AFANE YTt o] MEE SHH WL

=2 ?l’°ﬂ zslh:ﬁ 7-1;{24 Ezzlo u]—g\_]oi 1 tﬂ_/;:;_{g_
Atk Z o) 23 HAGFAE REE ALV oA
EQH Aqzg ¥yaiE Ya &3t n(n-1)/2719
AT ES] M2E %_M Ax, old MFEEL 1
A ”‘@*‘OETH Ae y golth. oA A2& A4
shed 7 B Ag Wdstn, A9d gen A=
20S BEf i oA s, A2E

o] HATkEHFo] o) AW
1 N A2e HAGYE @
o udsl o BY F,
AdA 911 dRAE oA Y B

agt, $el7h de gPae % A

2 owu‘rwsl AxtAzto|t}, o] WeE
Wege) oxpA o P ik Tha
o) W AgeE, o 4 (2) % 2
e thga & d& 5 Uk

y=at 2 b+ g;]z;c,;xgj+ Z;g gdf;kx;xka+ e

o] 21 Ivakhnenko tH&jolg} g}

=)

ﬂ%;@
olr_\o‘i
1 X,
gqu

ofy
)
o
B9
N
o

ik o LR e
$ i
2 glo
P 18,
1°m

oy e
o
3

Ju
)

= i

o]
~ 2
N
JJJL&N

flo u rfo 10 rlo 7

=}
)
1 o2

R

(2)

2.2 #¥%€l GMDH ¢32|&

GMDH ¢31g]&d 71%% EGMDH ¢
thahal ) chig A6 ofsle A 2 gERSe] A9
3 duFe HFTESWA 71%0\1 w2}, Heuy T4
o 9% mdle HAFA Ha, AFE RdFH ofstq
FHEHor A U%#ﬂé*‘& @_%\:}. EGMDH ¢x

I &S 1A

B2 Jd&8 Hol8 (x, »)=(xu, x2, -, Xui. ¥ :
i=1 -+, n)8 #AAAN "«}—8—91 F&E0A & HEIY

y=Ax1 %0 %) (3)
DA ro 34 2497 & ooz s, &4 y

o 244 5 & vl w4

- 827 -



37\ = le_le P _x,,)
= ¢p+ 2ocuxut zcunx/nxu+ ZCHQMHXQXB +... (4)

oz EANEY & G Asoltt A% AddE AS3
Ze] 9J3 EGMDH ¢xelFe AAMF+2E 29 1d Y
et EGMDHAA &4 2d 32 97 98, A
REFHAS FAYIT REFPAo= 1x, 2, 3%
B AT S AL oheel, AYPAEMoR RER
e AFE Pt FIF 58 7T SR
2% 42y dHolelg FAsl, O AFdME olgt 2
2 Pgo A4E HEoFY, duFe) F #YHS
nEG wriA] A HERY ¢uES F3T F Ao
A BEEHALS Aoz 2¢sln, {E 23 29 7
£ dert. EGMDHE Z4 Aidiel R2EEAog2A9 o}
F2& FASE W wet o8 e Zize As=
o] FojZlt},

Case 1: A2 TE A4 Ze WYY Pl A4
g Az, $d 98 8% £2 & Ade) REEAY
o2 4gst 722 IAWAA 294 180z 99
W% 59 A4S 49T, ohg AdelNe wee &
g 295 $Y% 4ASR, A4S AAANPoZA
AF712e) 25 A4S DA% PRolTt

Case 2: Zt Aldie] REFHAoz 29 49 A
& JEdFe $E e F22 1AdAAY
FEA T 240 ol delMe FEREHEN M2 o
28 H3 Je 4%2 1AYE 185 234 o2
ARHRgA, 244 ol e 2¥F 2314 FRE B
st ERE nA AAGFHAA ALEE § Sl

Case 3: A2 U& 24 Z& vizdd g9 x4
€ 7R3, A2 b QNS F2 4 Ade FER
d4el F2E HAse F+2 1AM FEEY
A3} 24 ol de] REEHAS T2 N2 OE Y
g g2 e B ol 4y Ws ot REEHY
o ArE M2 g2A 43T £ 3le Fxou.

% rju e fu
M

oL

smo =W

T

‘7 2y 2§ NY/ SAEY 1

*Y 2Ws NY/ BERY ‘

' A r=r)ir1
o] [Comee] 7
x x, x5 T x
e -.\ s
S T

¥ 1. 339 GMDHREHEY ANT7x
Fig. 1. Overall scheme of Extended
GMDH structure

2.3 AEHolA 2 A

B =8dA #¢d EGMDH ¢xelEd) o3 gAd
AA AAE o83t Sugeno’t AHEE HOJE(2)8 ]
28, 2d3sr] AF YHYAFZE x1, x2, X3, x1°)
1 2YEFE yolth o71M x= dummy HFE 4E
Hed] BrlEo) gltk & 40709 dlolelF A 20719
dojel& gl ol g3 unz] 20719 dlolH:= Bl
Eod] oj&3t}t, EGMDH 2xalEol 9§ mde] 5%
F2x 4 (5)d yveEhd A& LT AA| Al2dle &
g dolgg =zddyg  woEHly  Aolg  guldte
Error(E)2 242 AL=E H71E § 3t

g=1 3000 (i delE 2 5)

a3 2¢4& EGMDH 549 R£E¥4 725 Ad
gz Rt WA A9 Aleltt & ERBHoZH
o dgtdo] Hg fdE 24 2 HFE A+E JRlx, F9
9l¥W4 2 71X EGMDH 729 ZA#EZ Jehd oz
2¥4Y 1 Typel(1x4])oA Type2(2xt4])2 Wse &
729 287S Yt

Traing and eviauation errors

1 2 3 4 5 7 8 9 10

-]
Layer
2% 2 gy 2 Hrh AeASs
Fig. 2. Performance index for training and

evaluation errors
a9 3& 1A 24T o)ade] g4 2SI 3

A2 WY o Type 29 @72 712l EGMDHS
Z3gE Vb

&%

Traing and eviauation errors

N

3

4
Layer
a3 3 g 2 gt AT
Fig. 3. Performance index for training and
evaluation errors

1A 24 el de] 4EAF7t 2 Fo M ez W

3 @ EGMDH t}dt4e] #27} Type 1414 Type 2
2 Ao dagie]l 2Y 494 RoA

- 828 -



14} : ————
P 4 EPI

Traing and eviauation ernroj

O 2 Nw e NG NE

1 z 3 *
Layer

23 4 g B B AFAF
Fig. 4. Performance index for training and
evaluation errors

A 2l Azgha v1E 2dwRie) g
1o veple} HexsE vl

E 1. E 2dvag B4 o8] va
Table 1. Comparison of identification error with
previous modeling method
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