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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
the aforementioned factors.

Keywords: System identification, Nonlinear hybrid system, Identification quality, Occam’s
Razor.

[ DOI: 10.52547/j0c.16.1.49 ]

s sb W i ol o o5 01y 353 130 5 IS Oludige el o 28 dloes e Lo 1L s edgs iy 5


http://dx.doi.org/10.52547/joc.16.1.49
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.5.7
https://joc-isice.ir/article-1-862-en.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1401.16.1.5.7 ]

[ DOI: 10.52547/j0c.16.1.49 ]

o i n Sl Ll ol gladie ST St sl Jlone toe o

30 Loyl (5l e

350 b Gy opl 03 e S e 03,57 s 4 g
o b agrl3m 53 sl 3 Shes (imen 4] 5,85 13 oy
eJL&n‘&;c‘j]\i}aJﬁ#ﬂ.&OTdh‘w " }L)Lgal.dﬂf&u

S 513 allan 3550 ol sl axils oa L (o3l Cald os

Slpto =11 o5 al » SE Gileany oy S [V0] e 5o
LIV 53 ot ol ol ok &) ot oy h s Lol
Slp s okt Gl LS wly Olaty ooy Ose S les
G0 S VY] o pr el ok ol (s 5 o n Sla gt
ol 33 el 303 G511 yh Slai o Lals gl Sl
4o b S S (oS 5 S 4 (B b e ()
S 53 cpslae ar s S b gl dlardin w5 Loy ol D)5
et sl & Sl 55 w53 Slogd (pl 53l o 43 8
e Sladie (51 dube Sl QBl 55 5 ot 5 65 4 o
Sl gl ooy opl 5 e ealizul Slas b 1 (SK LS e eslinal
ol el it iy 51T S ads) ess L) e I
Slasse b blas e gama 5 (pdir & SVl LG de gars o 5
o U n 518G 5 sl byl 5 oks 5k e NARX® Ciliis
e 53 g I 5 Sl a5 545 035
b 5ol esls a5 SledMbl 65l Pl oy s Ol L
Cign g 3l eslinal b gt s a0l 5 a3 ge 51 S glo S 5
e s bl cpiz Sl olgiiey By opl 2 s e 2l S
ol @l Ken 5 oy 5 ,Shes 5 ot Ol )8 Lau g o ol
o 3 B3l (S5l b gy S TF] 53 dins ga 515 30 Lo
G ol oS g g e 6 Lol (s S im0 Sl
23 Ol ol okl gy ot 18 0t 5 S5 5 ot 2
s & glolis gl EM®) 5L,y el 055 aiiy b, 51 [YF]
SIS S e e Ol L (o s s Gl I ol
odish s b (ARXY) ol i s g S5 51 O35 50
o o3lizal SMNARXM) ol idu (slyls gou 51 Jos 2
A bl sign & Lo g s gy Salns pp gy p) 3 !
M&uﬁww.:ﬁ@o:lzomuw}@@@-):
L3 e yslie s ol sl slie SMNARX (sladde sla el 5l
23258 g planil (B sl (5l iy 55 b oS el Ll i
Loy lesliial b ot 1o o Slapmuce (g Lolid alis [ YO] o o
Loy Sl oslimal . Cwl 0l Oy Sldbor iz w5 bu g oo o5

55 N Glnl 4 el G 93 55 (sl dlexr iz w5

dodo —

Fao Lt Oy sl Ay Sladie Sl eslinal ol glaans 5o
Sl s s Glagtoc o lulid digdo ey 51y Sl el Syl
wld gl ot Gl gy 055U Sl 035 Iy glons
bt Gt a5 Tl & 0l S1)) s Glapte
Jold ol s pizr 4 Olsion 1) Wby cnl Dol 035 (o
oSy VP g sl oo, VY] ity b 5y e sl b
Sao VA LIS gl is) {OF] T (oS 5 Gnebp
b (W] Olrty 1o, 05 5 5 s 6 Loy 5 80 ]
Wl K5 slais wdd 3 gk oedle 58
v‘wﬂ Sl b 87 sla by 5 VY] 'pf Foama Silwaigs
B b Gl e pLls sl 55 VY] spline’ il S 5
Gy 3 jha Ol edalie sl 4 Al edd esls dan g
4 Oy (o o Glapt (glold ate] 53 0 Oy Gla )

55 sl A [V PO F]
€ 03 8 eSSl 4 Slidod (ot oy ed Sla o b ag e
V] & Sl ol (alq..?l SN VO TS e wlels
Yt et oleld sl 4 Ol Hlsn e S) s
Lle3,S" G [IA] 55 Olises ol 48 5 15 oliul 5550 a5 5
bl b (st 5 o en Glagten olols 1 L WV] 2y &
sl By 8 ol sl OUT .ias 15 eslizul 550 SleMbl bla
il s 58 E 55 o sl dile 57 o Sle el 2l
crl B e S ealinal (515 St OS5 Olse 4T ST e ol
3 asgeme 3 S 5 esly LialS 1) Sledbl bl slds &g
DIV] oy 3l eolimal b g day alo e 55 tins LS5 1) Lol Sledb
lis Sl 5l asgaze 5 cpl 6l (5 b b e 6
DU 5SS n cold o lolid s ol 3l 03Lial b s ol 0l
Q‘i\.@):}o.&ul:u@_«a}'dWﬁjé&@ylwwob%b\
Gt Il 05 i 6 bans b ot 55 5 K e
B Y R VT PR TE R U PR e
ooliial b 5 (st 8 02w 1 5 &S 5 b 5 0) (R 25
@8 515 ookl 550 s S A6 K 5 e JS b S
Wﬁ;;uiﬂﬁﬁ@&dwb)ss@?qun L A Sl
ol 1)) bg) el b (535,55 5L I ol 4l e s g s
Shtty bl 5 0dd atg p) Sl Gl g 4 e ol (S

w\;s4{ch.M:MQT@IJMJQJL&?U)\C)U-

" 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
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2 Lagged input and output

1 Occam’s razor
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