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Development of A Comprehensive Quality Measure for
Identification of Nonlinear Hybrid Systems

Ahmad Madary, Hamidreza Momeni

Abstract: In this study, a comprehensive quality measure criterion is developed to evaluate the
performance of the identified models for nonlinear hybrid systems using support vector regression-
based techniques. The proposed quality measure criterion includes all the factors that affect the quality
of the identified models, namely identification error, quality of the switching signal, and model
complexity. Using the proposed criterion, the resulting models of hybrid systems identification can
be efficiently compared and the best model with acceptable complexity, tolerable identification error,
and desirable switching signal quality will be selected. This quality measure criterion prevents
selecting the complex models relying on the Occam’s Razor theorem. Besides, it provides the
possibility of comparing the effects of different kernel functions on the identified models considering
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§ the aforementioned factors.
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" Piece-wise models

8 Nonlinear autoregressive exogenous

® Expectation maximization

10 Autoregressive exogenous

1 Switched mode nonlinear autoregressive exogenous
12 Curse of dimensionality

! Clustering techniques

2 Mixed integer programming techniques
% Sum of norm optimization

4 Hybrid stable spline algorithm

® Feature vector selection

® Principal component analysis

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes

Archive of SID.ir


http://dx.doi.org/10.52547/joc.16.1.49
https://dorl.net/dor/20.1001.1.20088345.1401.16.1.5.7
https://joc.kntu.ac.ir/article-1-862-fa.html

Archive of SID.ir

[ Downloaded from joc.kntu.ac.ir on 2024-06-11 ]

[ DOR: 20.1001.1.20088345.1401.16.1.5.7 ]

[ DOI: 10.52547/j0c.16.1.49 ]

&)

ST Jor s 933,287 L g o g e i 28755 ok el S (1 b

&L@)}jﬂ{‘@b)\,&j¢gwgbju;¢w

w_uﬁol,:iql,w,;ﬁ\.gb;;f%uau@uudm%w
Wil else 36 555 olalid I ool Gkt (slagaly e orolr

ol ot O (51 ok Sl Caliinn slin 5 ST b ¢
tlie 5 gy Sl CdST et el sl G (G ol )
o3l b (a5t 5 by od (Sl g Lolid 51 Jol slad e s Shes
S5 slrs ol o @11 Olziy 13 Osaw S5 5 e Sl i)
Ol ¢ glolis dlis 53 pgo S, 6 alas B8 b Leds
P23 1 leld dis I Jools Calies glagal 5 adide 4 lie
Ll g P k5 ool 0357 Bl b ol Jlns ol 605Nl S o
oslle Slalis Cds 5oy dsine Sy @lyls 1) Jdo o e
s Ol 3 )15 g g S 233 5 gLl sllast 4 53 2
21 il s il S Ol e lan ol S eslinel b iopan
UA_L»\:..:”J!..‘.»A.:MGU e 5 03,5 gwypodd gluls Jue

38 Sl (s iy eh

Lo Sl -

s S ) a5 b o e s (U 08 4 s s

By e 55 oo 4 015 o b (ol e sl

yi=,X) +e m

I Xy = Vi1t Vieng 7 Uictomge 7 Uimnp-ng] ol ps &8
TSI Gy st 3505 5| 6smimy smg 5 JKite i gy
el 6,8 oIl e 5wl b Glad gad sldas sias OLIS Ty
A4S o atein S 035 e 3ge 0dins 0L A € {1} e
fi @5 ol el b i a5 ff gt 5l ST
ARX. st 16 053 25y s &5 ool s 2Bl
S Olsty Ll g S, ray 03 s dal (SNARX)
@8 5 p5pp 4 aes wlg Sl e O o o b sladie

Y] g oo

N
fi(X; @, by) zzaijkj(xi;x)‘l'b‘; )
=1

ay;] eoss daly s S
lolid s ol B8 UKD 5 035 Joka 5 b sla bl
(Bt Sladie 5 Gl el s s ¢ (a5 2 b o Gl
A€,y n) g S 5 by Ll s 5 L;Laao;,){f,»};f:l

by Ll Oole 5 @ = [ay;

s o G b S bl ) BL e D 25 5T (slaesls 4 ax 5 L

DA T o s 500 0 !

okd b 255l sl s by &G (St a1 ola ) slate
Ol 48 gezes &G 3l oslizul L NARX (gladde oJsl dom 1o 3 ol
Oloj &8 S (0 gnw 93 o o 487 Jlom 53 83 935 (g0 035 (el 72 s
0 VY] g m 53 ST Pl (Bolal sla s o b 1 g s
4 kst b oS S g ot g lold Gl (BL ) el i leai
93 hls enlgiiny Sy Ll ol oslanal Hammerstein sladde [
Ly Je Sl e sl el )l o lolis 5 Jte ol il dl 5o
oo 3 eslizal b Jde gl il 8 3 ot plil EM g,

sosly @)

S [TYTO] ol otz slad e Lo 3 (mn sl 25, 7 Jl 5o
1) b b lade 1 (ams 03k 15 a5 03 (ol 8 S5
4 S G5 QU5 Sl 5 OBTLS us Sanl
ol VY] 3 ot ilyl bl Loy sl oipls S 1 s slajbs,
Tk b5 ) o) San 5 (Sig oiS U287 o bl ol
kit Gy 3 Shas Canyal Ol Sy 3 5 358 00 Ozl
b g s JUSw ils 455 ) pl 03 e S o iy S
S e wd 5 JMas ol &S Soge 53 &S Sl OT Gl s
¢ Jolie alas 53 Ul o Sl (gl aamSe BBy geo gy (S ks
St (S5 Shls Dbty Hlsp g S) e Sl
Lo Lisd Jlesl ot 2 cl_,:w‘g.ubiuﬁju_,{ 3L sl
s 65 4 e gy pl b (o o s Gl Lol dlis
Ot 4 e s 055 s e [V ] 055 0 Do 8 (G luaig
IVl g @ &5 fonly (6oL 3l (hls dlis &8 355
1SS 31 sl oeT s 4y ey el o 1SS 0L 2 b ieen
O Slagel Ol Sl by e DUl 5 ol 35 o0 S
5 e SLUsS B led Sl on sk ) (61 ol oo Sl 6
25 @ 8 53 o b b s (sl g glelid 53 IS0
Sy e R Aejs (gluld s Gl ws,le b, eSTe
2 S5 S 3 (S 5 (e IS L)
i Ao ys 5 glulis gl 556 53 g3 Oltty 413 2 O e S5
o Ygame 5 05,8 o 13 oslizal 3530 68 1k Dy g 4350 e
358 DBl g Joe Ol e 4 Bl 1 sl o ST sl oS
Sz 35 do 3t Sdors b Jde sl 4 zte L5 o ol o
& (opl posdle dma (g S 55l sl glyls Fedomy cadde
bl g bl a3 (6345 Oljpr 4 okd sl S b
Sl e e Sl i 4 ot i e 4 a5

el Dlae 66 LB s s S5 sl ST el L plelis

2 Lagged input and output

1 Occam’s razor
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