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Improving the H,/H,, Control Performance Using Supervisory Based
Switching

Fatemeh Jamshidi, Mohammad Taghi Hamidi Beheshti

Abstract: In this paper, a supervisory based switching strategy is employed to solve the H,/H,,
multi objective controller design. Using linear matrix inequalities, two distinict controllers are
designed to meet the H, and H,, performance specifications. A state realization for each controller
transfer matrix is found such that the asymptotical stability of the closed-loop switching system is
guaranteed for any switching sequence. A supervisor is used to diagnose the exogenous input
changes and switch to the relevant controller. Simulation results show that switching strategy
improves the performance of the controller and reduces the conservation in comparison with the
common H,/H,, controller.

Keywords: Linear Matrix inequality, Realization Theory, Stability Theory, Supervisor,
Switching Hy/H,, control.
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Semi-polynomial Takagi-Sugeno-Kang Type Fuzzy
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A. Sharifi, M. Aliyari Shoorehdeli, M. Teshnehlab

Abstract: In this study a new type of Takagi-Sugeno-Kang (TSK) type fuzzy system with
dimension reduction section at the input stage called Semi-polynomial data Mapping Fuzzy
Inference System (SPMFIS) is proposed. In the proposed method a semi-polynomial feature map
is used to transform the input variables to new extracted features with low dimensions. At the
next step, these new features are used as the input vector of ANFIS structure. Also gradient
descent algorithm is chosen for training parameters of ANFIS and SPM parts of the proposed
method. In order to evaluate the capability of the proposed method, its applications in
classification of some different benchmark data sets, system identification, and time series
prediction have been studied. The results show that the proposed method performs better than the
conventional models in classification, identification and time series prediction.

Keywords: TSK type fuzzy system, gradient descent algorithm, pattern classification, system
identification and time series prediction.

b i g amis oils =01y G 51l 5 J ST Oleikige ezl o S dloea i T OIS Sl sdgs e 5



S sty IS 5 e Ll > 3,05 b K= 48 g ST (Gl 2 4 (5B R (S jne V7

A e J30, 55 SOl (g i 5 2T

AVF] ol okt Jor (51 m Ak (3 (Slapom 455 )3 s
[Ye=YY] s

osls slal 2als COD Sy ade jsbhie o s ol
o3lizl 5 3l 8 53 llos Blond 4 U3 6 slitad S 4 (53555
£33 06 53 (3B preem 5395 Olse 4 WL SRS esls ol
a0 95 Oy s m.clf}: b 3slse 3l ol 53 [FA-OV] il e
DLy oS 555 plonil e slaslons ol 5 S0 51 1me
b2 sdn o S50 e (b o) 5 bl [2AT lae 0345
Tl Gl pyes Bl €3I 1) plin ST i ol
Slosls S5y 5 il e s oK Olge 4 smse S
Olge 4 otz glasls (s o6 3 5 ot Jlesl 5o
5,8 a5 eslizal 3550 SLals 5 i S o (slas35)5
Slo s bl 0ol ] Sl (S 505 487 355 0 o ol (1]
" S rs 03 e JB w5 by engs pdy BT S
255 3 gous o o3linul eSS o) el Sl gl

6T 03 505 lSS 5 4o als jo 53 5ol 5> (r lis
SPMFIS 0l se Covs b il cpl ols 1y lsle o5 Cow
L 4l esls A ai;_ ol @jsu B2 IBLIE Y P d‘%ﬁa
by S w5 5 g5k (e $3503 SR 3 (SPM) slalex
Syl edge 1y Jgd BB o3Il oK a @355 eals slal ialS
Olge 4 S [YP]ANFIS jlslu gl eyl 25 5aT Jskite 4 iomas
SPM sy sla by 55 5 48 8 13 eslizal 3550 (556 e
S gt e J55 0LslE e (BT 02 S)
St 25507 55 Jshite sl abom 51 Jo55 041 8 o35 56T
by 5 Slbre (Solo o & & L3k o G5 e 5 (s
sy90 e opl 03 23T By Olgs 4 sl S 5 (G5l
sl DL slne Ol nl )3 pge 5 ool 43,8 )15 oslizad
@S Jyem o &S AL s SPM 5 ANFIS 2o 55 2 s,
5 Rl sl mlpml Hske 4 e # ke g, 5 VL
FisT b bl ol s e ANFIS S 3l Jool> plulis
S ol GlasssT s 5 dm RalS i gl a0 b s bl
b o

‘_;)'Léctz;mlrw‘c,.»\ ok padlile &g s Al
33 SPM g sgin 55 oo $ma ¥ iy 53 ANFIS Sl 5 TSK
2 sl sy 3 SPMFIS S jlsle 555 o o ¥ i

2 S 5 Gile b Lpdigr e ¥ i s Jo5 0Ll S wly

doudo -

S F B Ol 4 3B St 5 oae sla S
L,qu)av\‘ia:l:‘;aéf_bcl:,aMl;dﬁe&wt&@ﬂ
i ayee B3 L 5B el B 5 Gle Y 53 055 51 (D Sl g
5 e S wue) 5o sl Sl [OF O] Wi i
D9 95 ol S 5 A Sl Al ol edas Ol (656 Sa R
A2 o S g sl (o b lapteen (alelid ate] s

Jode s Sl eslizal (36 g &K (b 05 s
Wil gr Jgane ) G ol S gl il 5 (b st 4 s
3 bgsgys sl S Gl bogast cCul p0be) Sl B3y
Aol M il 3k 3505 p sl e 3 8 55 Gl 5
4 gazee O il oo - oyl 53 (656 il sl ol Ly
(R 5 ook (e BBl e O e 55 3B 056
b el ke sl 3 SIS b (5l ealy skt 4 Bl o5
S b e ol (b sk 4 godae glalils,
Ol S5 by 4 il 3 S [VV] Wlodkd
S A] 5 i (Slains S oolial b (536 (e &S
Sl Ll s s 0,8 5 [F] JlSS (6505 4l o[F 0 Y] S
Sl 5 Aol opads jshie 4 (62555 SLad 1A a3
DA V] Gl o plnil 3 it (536 s S

S5 3 1 (536 e &S (Slacs3)5 30 SIS e s
JS Sl Bl M (53505 2 1y edd €88 s e i
3w 4 358 o sdalin Bl o M L Ll ok sl (556 el
63405 Sl e slws plul » oled Soyse 4 (550 e i
Mol 53 (656 laptun an) 3 JKhe (pl 35 dal s )
245 0 «ls Curse of Dimensionality (COD)o\se —os
Sl omae 5 (S5 s 40 3 05 Jo S &S, COD il
OISl b S a oks wl sla)Sal, 4S5 sl
381 &S Ol 4 [V8] Wlos gos U3 b p 1y ate) pl 53 34 e
b Sl onls slgiiy [VE] Brown « JSis ol oo ade 55kte o
Sl e Sl 6 s Sa 8 sll b 656 gt pr
G233 ool p o A8 S5 ol sy el ] s S e
St ol ol gy ol oAb dal gt Jglhtie glad L35 il 5
S Cl ads Gl ommes VY] Wil (S alde 5B
TF] sl o o ger gl Slulis 55 656 510 dhakes (gla s L

Lo 5 636 Slapium (b ) 53 3 2 g0 S I (S (YO

Journal of Control, Vol. 4, No. 3, Fall 2010

YA ol oF o sled oF o o 257 als



1% ,i}l‘54;,u.da’,W&uujnﬂtm&lf-,fy-;\fu‘gwx.?@é;uwgﬂ

s e Jso, 55 (soUle (g S 5T

o 5 ol sl osen 3,8 S5 s ola byl a5 el
Sl 4 a5 b g obiles (SL ol dom s 5 Sy b
e g Al el ke bl G5B Slpte Gl ks
[Fe T el O JB GL5 delde b ol
Ias zsw 93 5l 55 ANFIS jbslo (56 .
O 8 g g 0kl JB g idu g pdie e i Dl oS
Faze K 4 S oS e s 36 delg Ly i s
b a¥ gz 53 LANFIS S o ksl (1) JSa Ly oo
£33 4 cas o bl 1y (65lucs b Jor Jsl Y OT 53 &S cdas o
s oo plasil (5B el phe i sl 1) 656 T-norm s
SO oler aY g 4 Giledle s sk 4 p e &Y
sl oA e Y Gl s s Ll bl 1) 56 el 8
Shaled o bl ol 55 e daly) S e acloes | -

A«;L@ IS Cj& 4 () Jg.i:): ol 03ls

Wik :/“Mj(xl)'/‘Mf(Xz)v jk=12,...m )
_ Wik . (\p)
Wik = , jk=12,..m
z zwiﬂz
i=1i,=1
fik =00, jk + 0L jk - X0+ 0o, jk - X2 ®

xhﬁjas\ﬁwcl}: slss sy s M B Laly,y 55 oS
5o b Gl b bl Ade el {G0,G1,G2} 5 035 52505
©ANFIS S22y o6 s 5 il go ANFIS (i J6 vy

il aalone BB 5 Sy g

m m

;éf]‘k#w(xﬂﬂw(xz) nm ®)
y="%m =22 i

ZZ"’M} (Xl)/lez ()

Er=]
ANFIS Jue codomy o b Glaptun (jlodie 5 kin 4

las ke a dledpr SIA1 ldes la o 1) (63555 Lad
SNANFIS S5 [WV] 258 0 s (G313 oo (15 & 52305
ot kb eslial (63555 dmy A oo ey (5B Gl ml s
3§55 &5 Goke 4 iyls Sligen KuSS L gl el
oo S s sl Gl @6 9> Jol Olejar 0ud b o
3505 A Sl edks 5 5 s e ¢y ol 4 ANFIS
b oS S5 (555wl o oslitel 3lad wl 5 Y smne ool 2l
230N il o bl S 5 S Ll ity Ol

Al T LS

&\édhdﬁf?v—_ﬂ‘fJéu.)ébb_\gﬁ}-@-u‘?rledwuféu.

A sl Ol

49! puirlio Y
)&b}TSK&}BW@}‘ v.:ALdﬁ @J""‘“’u:"“;ﬂ‘ BE
Ls) yd rﬂ.u 35 b das e 3)l0e 5 ol 4:.>'|:J,.1_ANFISA.§.'J»

S B s 2050 S (Ao

TSK (536 z ! aiuwmw V=¥
636 o&T- 51 uel 3 ) (glas gams I (556 sy o
IYV] s 25 5 & TSK (36 Joe &S ilos LSCes

R;:if xyis Ajjand x; is Ayjand ... and x, is Ay
Then y =g;(xy,Xy...x,)  (7=1,2,..,R)
(656 Aol 8 sl R (655,55 Gl pie sluas N (G b alasly 5 S

5B 056 el (Gl (6555 e eel-i b blze (656 as gaze Aj
uu#rgagsb\w,wsmwx,yqu b ¢ gjs
AL s g) (X1,X200Xn) = ot QiXot.t QpXp Soyse 4

Wl Oy BB 5 o 4 B8 56t 28 s~

R
Zgj(')Tir:ﬂf Hij (%) m
y="t

R

Tinﬂij(Xi)

=

M ol Aj (656 48 s02me Sl Glas &b Uy of ys &

5 Sl (G536 ol pe b 53 (5355 Sl ke sl (1SMySn)
o &5 TSK (636 (s . 13L o 556 T-nOrM Sl KT
45 sledg,y Sleslinal b (63,5 (slad I3 ail o (556 3 an
5 05Y Gl G e g DS sk 4o b 5 el (st
ssbie 4 pdy Gl gleday (Fp opmmer W] b )9,
533057 gls el ple it 53 Gl wl5 sliws y Ko aass

LYA QA V] Wloas C,lm S5 R U e

ANFIS sl Y-y
3 Jitn a5 e [Y4] (556 (Slapios 5 orae (sLaeS
skl e Loy 5o |y plie el 5 wil o Jub
36 gl gt 0357 s O A tias o OLii 35 ) 598
G b ol S SIS s ls sy pdy 25T S8 S b

ite 1y (mae eSS (5,8 5L sleds) NS0 LT (0 s

Journal of Control, Vol. 4, No. 3, Fall 2010

YA ol oF o sled oF o o 257 als



SN sty IS 5 s Ll 5355187 SIS 18 o S Glalar i 40 (656 s 520 A

A e o J3e) 55 (golle (sge 5 BT

Original Feature Selected | _Classifier
— >
features selector features Identifier
I
Original Feature Selected | Classifier

—> > —
features selector features Identifier
Iy
o Evaluation

S 39 DB 53 s i (0 A3 () Gled s Ol gl ¥ ST

s 151 (s 8L cols sl 2alS ) shie 4 g0 il

C)Un.a\ 03 oy o Bl e e £ oSl 4 (6395
MRS Al baslal g s slas s S ns bl
Gl b b s D 4 b5 e o ) ((F) JS) 5 5 e

355 el g pp Oa i b 5 pn b Sl S 5 3L sl (51 55 ]

[¥4]
X
/i,
X Feature A
—> extractor [P

Syl f (s X) ﬁ,

S s gl Al gy 3l eslizad skl RalSTF (S

3 Snsoews TlAel &G LANFIS jlsle 5 e oyl

IS i gr (B me 1y 355 e o dalBSPM oS (3555 o
5 @olgite s 03 el o 3ls iled (0) S5 5 S5, ol
b ol Sl bt o slite 4 lalar i a0l 2K S
dy o 53 sk e eslinal wdl Al slal b bde less)s
S35 Olge & Gldar dr ab o3y Ll Sl Jols s
ol ods b 8 L 53 ANFIS o dlin ol 53 o (536 ot
5 sl Al s ke by 03 5,8 e J1E eslinad 34
Ol (28 Slas &K b 5 Olojan Sy g 4 (ol (s WSS
gl Sidu wlsl s ANFIS Ko sy ol 5o s el
Tl Jakio Sleds) 53 3 0 SIS b 5,8 o 515 S5y

Wl o b 1y s oy lal T @ dedie jidw j5 8 S5

i, 00 :exp{— (%‘)2} @

S35 24 L Gl Sla b (%, 0y} G a5 oS

S e 8t 0T K

X1

w, W W
mm mm w, mmfnzm

63359 95 SIS ANFIS S bl 2 Jg.&

Sldlos Wiz 4l 0810 LIS -
53 8 sl VU slal b esls &S5 51 ol slal b 2l p 3 53l
oy b slaosls i aslizal il go ot glalis 5 S il
el jpslin 5 S plolid 5 G IS U 558 a o faS
e 058 U dltbes sl 2 Glgdsy 5y omen S [¥V] s
S (63955 b, Sl (Slas ezes il L [FV-YO] Lleds
@bl Gy ool osd bl Wl B oo 5 4 sl
¢S b Sl Gl Ly oS 5 S el gl e
B A e R R e v L PR L
S s Dl Ml 53 gy o) Bl g e 1 paes
Gl 53,8 53 Fos Ol g, (1) JK8) 545 o okl
Y] oo S 355 (g e Aoles (ol 8 8 15 eslizal 350
334 S bl Gledsy S5 I s [PV] besls suales
S ol at Sleday 5 AS Gleds) 1ish e el ol @

Sl o 0305 tslad - (¥) 5 Cal-(1) b S s T ct,fu_;

[YA]
X X
1 ) P
X Feature X

—P selector >

JalIN f(X],...,X,,) ﬁ»

55 Bzl 3, 3l aslimd boslel JralsTy S

Journal of Control, Vol. 4, No. 3, Fall 2010

YA ol oF o sled oF o o 257 als



4 ,ijl‘54;,u.da’,W&uujnﬂtfg&lf-,fy-;\fuémgx.?%;é;uwgﬂ

s e Jso, 55 (soUle (g S 5T

Wy, i, = diygs (X0) - dayge (Xo) ooty (X)) B
W @
Wiliz---ir “Tm om '1'm2'"'r
Z Z---th ol
h=ljp=1l j=1
r
fii i =000, + 2%, X o
=

serse slagmdl 5o =1.,m Yo Ly, s &S

7ku§‘j;§l~'@ufjf;n“*ik@“§m@()t:{ /uMk(xk))J
ik

uiyiy.i, 2> 573 Gl il piomen Ll (63555 e oyl
38 056 matithandy (8 Jos 055 K ol &S dins s OLi
25 ose 4 ANFIS S o6 (s Tl ol 53 il e

L 4l LB

m m m

22 2 Wi Tiiaede (yyy
_ h=li=l el
y= m m m
Z Z"'ij1jz-~~jr
1=ljp=1 j;=1

A Olss 4 Y 5 Oda Sl Olgs 4y B L
L e S BB 5 S 4 b5l slme ANFIS 2
Tvopyz=le2 a0
B ==y -y)P?=Ce
1 2(Y y) 5
583308 g £ 3l LANFIS &b 55507 sl r—ﬁ.);ﬁ‘

Iw‘:&w}&:’-ﬁj)bééj)jfbé‘ﬂg}lﬁcUm:‘M

OE - ()
AGjii,..i, =—'7F|saq_%ﬁmsewiliz._i,xj
Joiiy
fo/= _ \¥F)
Ado,ii,..i, :*’7F|saq71 =175 Wi, .j,
0,iiy i
. oF, )
AXyi =—NFis ——— =TFIse—
g FIS Fis
“ Py g
Ok (%)
Aoy, =—Tlpis T—— =TIFise: 2l
ik 60M‘k 80’M‘Jk

3l EANAs sig =L..m ¢j=l.r 3 kls, ;5

Gt [+ ] 030 1 &S bl SPMFIS Sl 1 ANFIS _isn
255

SPM idw sls 2ol Sl Sos 4 iy 5 555 oms SYlae

KGN PR QDJ}T Jﬂj BE SPMFFIS Sl i

; OE 0, oy Xj (v
Aa) =— i S =L ik &
i TIsPm 6ai‘ TIsPm oy 6Xi Eai‘
- OE By oy Kj aw
APiJ =~TIspm — =~TIspm == —
an! o X opf

o ey a JEL2,.0r 50=1,2,0,0 G Ly, jx oS

BE) -L‘:JLVGA ol C‘):’r_"..ﬂ\ Lgl.@__f}_p‘} 9 839038 L_sl.hﬂ.&:ﬁ olas

Error
Original Feature Extracted Classifier
features extractor features Identifier
T Error |
b e by JS sles 0 IS

)‘JJ.: (SPM) 05/}‘3 C\j&d‘wl df_,la odd Cj]a.a u’i}) BE
Gt Tt (S 5s )1 6 a y R= {0 X} S 1 (S35055
Ly ad 6 e w ) il blhe b X={Xp, X}

13 95 0 eslizal sbte ol (ol (glale

N el
Xj=alx" +alx, fotal M, j=12.r W
ks b eSS n sliw skias Ol M B ably s S
. /. ENIR [ =

A1yl Gl oo 5 (FSN) i (S sodias 0L X (7 =1,..,1)
X (53555 Mo p & Conl S5 LB A i slael P1,ee,Pn 3

™) JLAJJ c.&..?a\;da 0<I1</2<+°° oT BL) "y [/1, /2] o3l s J‘ib@

&)SAT 9 9 SPMFIS jtsls -f
ol sl iay s SPMFIS Jltle isw ol 5
W o)Ll M3 4 philen ph e ke Jo5 0Ls1E w2, S
ooy 3 S wab s ANFIS S 5l s ksl SPMFIS
i 53 S gl el ke ¢ iyt 4l osls i
S5k 63355 Olse 4 YU slal b osls .l ol oslizul 0T (34,5
ANFIS &S 63555 515 5 Olge a0 0T (r s 5 5 o o3lizul SPM
e N slass L SPMFIS IS sles (8) IS8 555 o oalizal

ae - - /. -
|0 X1y Xy 0 JJ_.'\.J L;ﬁﬁ roslass 9 X1,.0,Xn (6339

'J““G‘
X % Xn
X
seMo | ANFIS 2>
X

SPMFIS & JS sl S

e I sl b ANFIS o oK gl S i OVolas

Oby B 25 oo 4 63005 A Sl G5 mU M sl 5 63505

1wl

Journal of Control, Vol. 4, No. 3, Fall 2010

YA ol oF o sled oF o o 257 als



S sty IS 5 e Ll > 3,05 b K= 48 g ST (Gl 2 4 (5B R (S jne AN

A e J30, 55 SOl (g i 5 2T

od o3lazul (lrosls 4s gazes Dladein 1) Jyudo

Data set # Pattern # Attributes  # Class
Iris 150 3
Pima Indians 768 8 2
Wine 178 13 3
Statlog heart 270 13 2

G sl b g leesls 51y ANFIS &2 s ST
Gl el ood ol (656 0l g8 sl 2ol 31 Cde 4y (63945 pine
« Statlog heart 5, Wine, Pima-Indians diabetic clses\s
gsbte g adol B30, i 53 [FV-FF] wl adse JUT s,
.:ﬁf@)lﬁe:wﬁl:)}a:»ﬂ:l.wqj}uclf;s.w\

V) U5 53 SPMFIS i jesla dIiS o315 46 gomn (51
N slass G lslo 555 0 0y a5 shilen (sl 0l 031> 2olas
B At Sis 0 4 1, 0T 5 03,5 il 1y sl Shs
3505 e 33 Jold 55 0us e3linel ANFIS S jlis b . las oo
ol 4:5;)&; 3 Gl @\: 93 ol (63555 & sl &S ASL
bl bl al 53 656 ol S paame ol en ol
AL e 5L 0SB Hler

Statlog s Wine, Pima-Indians diabetic slsos\s sl
Solle V) IS8 3 odd eols isles bsle , ose heart
Sl 43 8 513 oslinal 3590 ok il (Sp am slawi b S
ANFIS iyl cpl 55 Cal 0 03l Lilas (B) IS 53 o7
&b 53 3 (63505 p Sl 5 $3a05 R A Gls el eslinl
056 Cta by Sl ol s (56 ol sl S 5 Lil e e

A e 58

X1—» X1
X2 —»|

»

SPM | X, | ANFIS —»Y

Xn—»|

@b s S5 55 LSPMFIS iyl iy S

X1—>» X1 N
Xo—» Xz
SPM » ANFIS —Y
X X3 ,
n—>

@b s S5 4w LSPMFIS o jlsle A S

Ul sl Hokte 4t ol 53 Al o lal &S shilen

9 RBF MLP Lgh&,f» L L§°L€"‘:~:‘l u’i'}) 3 ol Cj]a.a 23

Bl SPM S LS‘;{ ui)}nT Cj’ sdkas Ol Nspy gd}s Yslae
Yolas S ph o ;fl&;‘.?l [+V] o3 3 "y .\..:-L»ua SPMFIS bl

Bl 5 R S ol sl bl s T 4 b ol

: J
Aa = engpy S(Xip' J v

. . J .
Ap =enspy S(aijxip' jln(xi) @)
WG dulyy 28

g ¥ ()
X
Rlae Kbl In(.) Sole (¥ daly 53 & ol S5 L6

W9 i 4wb -0
Jed 3 Jslize Slgdss Lo (dime 2s) (oL Sidu opl 52
PR oler b Y i a5 (Yt e Sl
iy Telas al e S8l adlge ST Sl aslizal U (S
ol o)lllul osls dsgeze pdr s WS 55 ANFIS
oz 25 IS SLET Sloj 5 G g 3 e

SR

9 Sy N -1-0
S e Sy IS LB o) s skt 4 A 0l s
R 203m 0303w geme cpdiz (G WS 55 0T 5,8 eld
3 shie o) gl odd eslinal (glaosls de games Conl 4 S 15
03l 40 game a5 [F1] Whods 8 8 UCT ile 6,550 mlo
Glosls Jald 4o sazma nl ABbgr s 5w p3lie g1l
Statlog heart s Iris, Wine, Pima-Indians diabetic
Diled 1y esls s gems Gl ) Olasia (V) Jgde 3L e
RS s;fJ'T osls &= Losls 45 gazes opl y3 &S T 1 AR e
o oslaie & Tlesls 05 SV gy 5l alie a5 el 0
wgema 2 S LI k0 sh g elinal edd e gy TS
Q\y@hw:ﬂjj\élﬁ\,ﬁpjo&rf&u.‘éq\' 4 03>

b 1SS SN Jes pl 5 ok ealinul 05037 05l

! Multi Layer Perceptron (MLP)

2 Principal Component Analysis (PCA)
% Radial Basis Function (RBF)

* 10-Fold Cross Validation

Journal of Control, Vol. 4, No. 3, Fall 2010

YA ol oF o sled oF o o 257 als



Y\ ,i}l‘54;,u.da’,W&uujnﬂtm&lf-,fy-;\fu‘gwx.?@é;uwgﬂ

s e Jso, 55 (soUle (g S 5T

SV ey 3l e plowil sla (53luand > b 6,1 oS glailen

G IS 285l Kok ol 0ks a3litl Laosls T3 S U
Wine 5 Iris slaesls as gazma gl 05057 5 50T slresls gl
ol sl 5ol ol ols asled (F) 5 (V) Jgld 55 5 &
Ko g0y sl MLP «Ss bl oias Olis Structure
SPMFIS 5 ANFIS sla ksl s, 536 dels slaws 5 RBF
sl JS sl sdas Ol Parameter pioeas A5l s
5 SPMFIS® 4 o5y ot oslizal glajlisle 3 oy i5seT
5 33 3145 L SPMFIS (sla st Lo sias 0Lt s 5 4 SPMFIS®
0305 40 gome (51 I ol 3 Al e okd il (S5 an
30D 5L s 4 Nspu 5 Npis iseT slag 5 Iris

Lol g_)\?f.l‘ ORI RPIN lJJ.I“)J Wine ssls 48 jaen (5‘]'!

Iris glaesls &l S IS L @lﬁ J_il:.a ¥ Jad>

Network MLP RBF ANFIS SPMFIS’
Train 94.08 94.25 97.33 97.00
Test 91.67 92.00 94.67 95.67
Epoch 1000 500 100 100
Structure 4-4-1 15 16 4
Parameter 45 90 96 36

Wine glaosls 11 s WS Coms ol Sla ¥ J gl

Network MLP RBF ANFIS SPMFIS>  SPMFIS®
Train 96.15 96.59 97.33 97.56 98.22
Test 90.70 90.47 92.79 93.26 94.19
Epoch 1000 500 100 100 100
Structure 5-7-1 15 64 4 8
Parameter 85 120 472 44 80

olastl s Conleo (slasban sty W3S ds ol (Sl
sPima-Indians diabetic o 43T 5 35507 slresls gl 05
odi oy il (8) 5 (F) Jsli> 53 5 5 4 Statlog heart
Pima-Indians diabetic 51> as gozes &l Sl pl 45 .l
Glrs Y 5 N bl CS S Nsem 5 Neis oSt Gag s

lods Ozl vV 50 N0 L 1, Statlog heart osls as sezes

% 10-fold cross validation

-46 gozes JIMLP e Sl 4 5 51 5 awslin 5, 50 ANFIS
Y a oS ol ets S5 gl lle oSy Loy, Sl
il s Ly B Do 4 il Jlb mb S gl
Jles i ess S ¥ IS sl @Y a 5o bog, s sl
MLP S JS Cbb oS s 0¥ 53 odd o3l (g5l
sl o

S sphp S ks oY g S oS Olge o RBF S
WY K pss a¥ s o3n (S gl lses sl 4Y b0y,
Spbe 8 53 Gl s A sl gite 4 8 WSl e o

odki osliel MLP 8o jlsle dlasls 45 gazs olod (gl
@ psd 5 Jol gl il b als oS Al e Y an il
G Sl Jlb Wb ol o 4 5 (a5 A5 paSi s
s St Calies glaaY 55 eud eslizal glady 5 sl . AiL
4 0 Doge & 0 4 peme 2 sl RBF S dsl Y 55 5
33 0555 s 35 5l eslinl &S Sl S5 BB sl oo s
L;'ﬁ):}a:f(j sbwl 1y 2 L;Ut.'c.»b:RBF}/WL.‘:’ sl sl
3 S o Jeol Slagl Odd S s 3050

oLl (glaosls as gazmn (gl Calie glaggile 4l o

IR e a1 5 ui)‘yT Slaesls (gl Gdu WIST Tds el
Pima-Indians diabetic os\s 4 sams 35 sl ol €3 5 ) 3
S 55 5l (e WIS Cds Jlae s 0N Statlog heart
Shre JFF] ol ot eslizal 5 Y0y eolal s ' Coules
4 &S Sl St OVl Gl s ekins OLES (65T0L) ol
(st ol Ol U5 g Lg.pl.,a;é-\ slae g Lol as bl Ol e e
4 ke 93 pl Llodd 03ls Ladeid oy &S Sl ite SV

s (a5 B 5O e

Sensitivit y = _T1 ()
TP + FN

Specificit y :L %)
N + FP

Ph 4 odd o Cays g b Sl 6 0B Ll 02 oS

b e Conds & S eyl padnis oS5 0348 g0 0l (TP)
Jbj o & 51 G y3b jadets & 0050 0dal (FN) pU &
osls Ladeis Cawys Jo i Sl o Culg 53 5 558 0 0tusl (FP)

L3 gh o ol = (TN) R

! Sensitivity
2 Specificity

Journal of Control, Vol. 4, No. 3, Fall 2010

YA ol oF o sled oF o o 257 als



Sty IS 5 e Lol 535,08k = 48 o ST (Slabosr i 4.5 (550 (R (B0 vy

s e o 0,55 (soUle gn e S ST

Pima-Indians diabetic s\esls sl 5 Jool> zb u.iu ¥ Jd

100
o Network MLP RBF ANFIS SPMFIS’  SPMFIS®
ol T - Train 80.27 84.85 85.91 85.74 85.97
o | Test 78.24 82.50 81.99 82.94 85.29
w0 L] Spec. 70.53 70.04 74.90 73.22 75.74
4 L] Sens. 87.32 95.92 93.14 94.72 94.05
o Epoch 1500 1000 200 100 100
Structure 7-10-1 30 64 4 8
65 +—
Parameter 140 240 472 44 80
60 T
Iris Wine Diabet Heart
0 MLP 0 RBF @ ANFIS @ SPMFIS Statlog heart s\aesls s\ Jolo s ke I
03057 Glesls (61 (G WIS Comus 5 S0Le 1Y+ IS5 Network MLP RBF ANFIS SPMFIS>  SPMFIS®
Train 69.61 84.29 86.80 84.48 85.07
) B ) o ) Test 67.61 78.51 80.00 81.79 82.09
Tl Ao 53 ek sl DM 4 wdle oLl s
Spec. 55.75 79.33 78.25 81.00 80.83
= - . Z.
Lot WIS glaesls gl 6,85k wuT (b Sl 5 (Ss Sens. 7980  88.53 90.60  86.07 86.47
Wl o3ls les (8) J g o SPMFIS® JesLa 1 oslizal Epoch 1000 500 100 100 100
Structure 5-7-1 20 64 4 8
Parameter 85 160 472 44 80
S IS Jilwe 53 0k slos| DB 4 &5 g0 1 J g
Dataset Produced Semi-Polynomial
X1 2.30 2%+ 0.53 "%+ 0.31x: "% + 0.09 %, Iris o3l 5ty S Lom Kk jr3lae (14) 5 () sla JSo
Iris
X2 -0.07 %% 0.29 "'+ 1.10%,"° - 0.41 %, Wine, slaosls ji fols mbs SPMFIS® &t i aslizal |
3.02 %% 1.91 %"+ 0.23%:>% - 0.60 x,"%- 0.28 x;°*- 51 eslizul L I, Statlog heart s Pima-Indians diabetic
Wi 1928 XM ~ )
ine o L1637 1.49 7% 0,156 - 0.02 %"+ 0.30 16"+ i gr O 03037 5 255eT (slaosls (gl SPMFIS” ios L
2 1.04 x>
100
x 218 X" 114 %"+ 0.21x:7% - 1.27 "+ 0.54 x>+ .
bima 11926 st,ls 954
¥, 093 x4 1.34 X, 0.85%5"" - 0.06 x,”%'- 0.22 x5 %+ 00 |
2 919 X61.35
85
¥, 183 X" P+ 0.25 %, 0.89x°% - 0.27 x,°%°-0.17 x5"¥- 80 L
Statlo, ' 039X
€ x 163 X"+ 0.76 %"+ 0.27%:"% - 1.02 x,"*-0.62 x%'+ 51
2 0.04 "% 701
65
. K A 60 .
> - ‘g'l“l‘“ r a Iris Wine Diabet Heart
523 @Lﬂw ;;:U‘}: (€S )}L'-‘ 4 odd oslitul Jubs Q:JJ‘ O MLP O RBF @ ANFIS @ SPMFIS
o] J“;l-'g“ 2 (‘)5 4 gladslae (glyls “".Lr]"“ uij‘,aT Slresls sl gy WIS Como u.:il.:n :*Jg.‘:.

y(t+1)=0.4y(t)-0.09y(t-1) - 0.1u(t - 1)
+0.3u(t)+ 0.05y(t)u(t)
+0.03y(t-1u(t-1)

o""')f ddw pg d{;_ «=0,1,...,399 Lu(k) S399 JLirw

(YF)

Olge 43 gnesls Yor ool il oo wlp\;;,a.awfa\.fb
Olsie 4 baosls ady 5 s & 5 oslizul 3550 5550] slaosls
) 33 SPMEFIS jlslu (639,59 51 5 . Lilodd oslial Ose31 Glaesls

Sble sl e x=[y(8), y(t-1), u(t), u(t-1)] s 4 S

Journal of Control, Vol. 4, No. 3, Fall 2010 WYAR 5ol oF o)l oF il oJ 27 dlone



v Sy S 5 e ki 535,15 K= 5 o ST (laosr i 4.5 (36 i (520

s e Jso, 55 (soUle (g S 5T

Cf, 4 ldslae glyls Gluld sate 4 odd eslitul Jde me s

y(t+1) = 2.627771 y(t) - 2.333261 y(t — 1)
+0.697676 y(t — 2)+ 0.017203 u(k)
~0.030862 u(k —1) + 0.014086 u(k — 2)

(vo)

obar I 31 oslizal U osls 455e5 Fro sliws Sl ol s
@ dsleals Yoo ide ol 5o et W5 (VB =Y oL L) w(k)
o315 Olge 4 obiledl gad Yoo 5 ol oslizul 3jgeT o3ls Olge
SPMFIS jstlu a5 63555 )13 5 dke ol 55 ki i _gm o3lizal O 3037
53 x=[y(t), y(t-1), y(t-2), u(t), u(t-1), u(t-2)] &, 50 «
S SPMFIS® 3 SPMFIS® Jisl 35 51 cpioman 555 oo 43 5 ki
b 3 el ol eslizal Wlodks 0305 islei (A) 5 (V) o JSCs 5o
A ) ol bl oks el Jies gl Ve 5
Sy dbe glalis 1 folb gl o e By e WJe
Aleks osls il (V) 5 (O1F) g S s SPMFIS® et L
@bols Cakiee slgay, Jlos! 51 Jole MISE (sl s ils
“ES e ol sl s eols iled (A) gt 55 Y Jube ol
ALlods Ssl N 50 Y Ll 2 5 4 seum 5 s 25seT sl

0.1

Actual output
0.08- — — — SPMFIS output

Output

0.1 L L L L L L L L
0 20 40 60 80 100 120 140 160 180 200

Data (k)
(Y Jue) 03037 sloosls gl Jka I s My :W'J.i.‘:

0.1

0.08 - 4
0.06 - 4
0.04 - 4

0.02+ 4

Eror

0.1 L L L L L L L L L
0 20 40 60 80 100 120 140 160 180 200

Data (k)

(Y Jie) 03037 slaests (61 dube 5 5 (sllos N F S

bols Gl ol o el (2Ll (N PSS 53 s eslizal S
A Wb (g Ll ol cl:u\ Jae Gl Ve de
(V) G Ko 55 i 4 0s05T Gboosls gl s 5 5 A
MSE (Mean  slas Sike b Llods osls 0l (1Y)
Sl Ve s OsaT 5 il sbeesls I, Square Error)
Sl g Il ol 53 diledds a3ls O (V) g )3 Jatus
ok Ot Y 50 Y Uy o3 5w Nsprr s Nrs
o3l i35 53 i (gLalid s S 53 48 ol S5 LG
ST Sl oslinad b (S5 (2alS ol Y iy (s oSG2
s Shs s by ol gl el oS5 s ol adlse

el ol 4 S

0.8

Output

o.2ffl"
0.4 A 1 . g

06 f I

1 L L L L L L L L L
0 20 40 60 80 100 120 140 160 180 200

Data (k)
OV J) 5037 laosls sl Jia (ms 5 5 2ly s 5 1)) S8

0.5

0.4 d
0.3 1
0.2 1

0.1 1

0
-0.1 4

0.2 4

Output

0.3 4

0.4 4

05 L L L L L L L L L
0 20 40 60 80 100 120 140 160 180 200

Data (k)

OV J) 05057 laosls (gl Jba g 5 (sl VY IS

Y Jde gl bt ey Sl Jeol s Ol s lde V J g

Network e Train e Test Epoch Structure Parameter
MLP 2.93e-2  2.82e-2 1000 5-8-1 82
PCA-MLP  3.47e-3 5.29e-3 1000 3-5-1 38

RBF 1.06e-3 1.95e-3 500 20 120
ANFIS 2.98e-4  4.63e-3 100 16 96
SPMFIS®  3.05e-4 4.13e-4 100 4 36

Journal of Control, Vol. 4, No. 3, Fall 2010

YA ol oF o sled oF o o 257 als



Sty IS 5 e Lol 535,08k - 45 g S glabor st 4 536 (e (P20 ¥

s e o 0,55 (soUle gn e S ST

0.8F

Actual output
— — — SPMFIS output

Y e s e sl S ol gl Oos ayli A S

0.6F

oo | { i Ml “

0.2

Output
o

0.2F

0.4 \
0.6 w
0.8 |

A T - 1

I . I . . I . . I
0 100 200 300 400 500 600 700 800 900 1000
Data (k)

(0 Je) 55507 slaesls sl Jle m s 5 5 Bls r s 5 V0 IS

1

08} 4
0.6} ]
0.4f 4
0.2f 4
0 fegon-agimagr sl A ;} Laa e AT

0.2F 4

Output

0.4F 4

0.6F 4

0.8F 4

E 1 1 1 1 1 1 I . I
0 100 200 300 400 500 600 700 800 900 1000
Data (k)

( J) 25 5eT Slaesls sl Jibe m g 5 slas 118 IS

Y dde sl ke sledg, Sl ol S Ols g lie R J g

Network e Train e Test Epoch Structure Parameter
MLP 1.71e-3  1.83e-3 1500 8-12-1 177
PCA-MLP  2.82e-4  3.21e-4 1500 5-7-1 70

RBF 1.46e-4 1.74e-4 1000 25 200

ANFIS 9.90e-5 1.17e-4 100 64 472
SPMFIS? 8.75e-5  7.57e-5 100 4 44
SPMFIS® 7.19e-5 5.40e-5 100 8 80

Network e Train Epoch Structure Parameter
MLP 7.71e-3 1000 7-10-1 133
PCA-MLP 2.85e-3 1000 4-7-1 59

RBF 4.82e-4 500 25 175

ANFIS 6.30e-4 100 32 212
SPMFIS®  4.15e-4 100 4 40
SPMFIS® 2.79%-4 100 8 74

Cl‘,&;:..n‘ i 3 el sl Olex a1 pladle OLL s

bods (glulid (gla ot (1 8k T3 (b 51 5 S

ek o303 L2l (1) Jsdar 53 SPMFIS? sl 31 eslizud

bk b w6 S ol s ks e e pese

[FV] Asl a5 S Yolen

Yier = F (Vi Yiers Yi—2: Ui Ur) (Y$)
X1 X5 X3X5 (X3 —1) + X
f(Xl,XZ,X3,X4,X5)= 17273 5(23 2) 4
1+ X5 + X3
()
. 7k
sin( =) 0 < k < 250
25
+1.0 250 < k < 500
u, =4-1.0 500 < k < 750

.7k .7k .ok
0.3sin( —) + 0.1sin( —) + 0.6 sin( —
( 25) ( 32) ( 10 )

750 < k < 1000

Oy 4 (Sad 45 Wlodd Iy osls agas Vore b= ol s

Sl @ 63558 Jlap Llad S 13 eslizal syge 53T o3l
A
spbe 8 i s x=[y(t), y(t-1), y(t-2), u(t), u(t-1)]

255 4 ek gl gl (Ss a5 53 slasi L SPMFIS ksl

Cose 4 edd Ju &, SPMFIS

e a3l S2lad (A) 5 (V) (sla JSa
@l 4 Sl s il Jims sl Ve 5 e ol o
5 sl glesls gl Al (2aF 5 e (s Sl el
5 00) Gl S8 55 25seT (sbresls b due plelis I Juol (gl
Ve 53 MSE (slos ot R PTG PRT-PN I IRE (1)
ols gl 0FLS ololis Sledsy 51 eslizal b Calies (sl
sy Sl opl o Llodd esls (hlei 4) g o 3l

Lol %)Léd}\ DR E) DR LIJ"I‘J{ \-»:;_;: "-{nSPM}nFIS ‘JZ)}AT

Journal of Control, Vol. 4, No. 3, Fall 2010

YA ol oF o sled oF o o 257 als



i) ,i}l‘5.\;,u.da’,W&uujnﬂtfp&'lf-,fy-;\fué\wx.?@é;uwgﬂ

s e Jso, 55 (soUle (g S 5T

W‘}{LMJEL‘.‘): ol slow | Oz ad 4 gai V0 J g

15
|
- ég;i,;“ﬂ;m Dataset Produced Semi-Polynomial
A ) i . f Xy -0.69 x:"%+ 0.87 %, - 0.87x,°% + 0.31 x>V
f G It /' | A 4\ f / | A Plant-1 1.93 1.05 141 038
i P T L I A T O X, 0.09 x;%-0.04 %, %+ 1.51x:* - 0.57 x>
T T T
. W L A I fy
z I \\ ‘y\ i J N o Y " w2187 114567 02167 - 1.27 1M 054 x5
3 | i ‘ \ 'r y ]‘«i . ‘l k | 1i ! ‘ \ 1126 x
T L A R T PANt2 0,93 5" 1.38 %, 0.85%, -0.06 x* 0.22 x'%+
i\; v l‘; oot l‘. | X2 019 %%
05 \\] \ U ! (1
X1 0.38 x, %%+ 0.52 x,%%+ 0.13x577°-1.75 x,” %+ 0.16 x5~
Plant-3
L L L L L L L L L 0.66 0.17 1.86 1.87 0.98
0 50 100 150 200 250 300 350 400 450 500 Xy 0.47 x17 "+ 0.11x, - 0.48x3"7-0.22 x, "+ 0.25 xs

Data (k)

(= S) 05051 gloosls gl Je r s 5 5 omils (s 5 IV JSCs

W= (Ko (G (S v (S —T-0

0.5
04l ] 2 0p3T alb Ol 4 W= S ST Sl e
il | e Sledss 2 ey oskie 4 gy 5 SV Sl (g ke
0.2+ 4
o1l ] I S STy 8T e (6 ool 5 13 e3lizal 50 0ul
§ o W oM s M g s ph g A5 5 il s Aslen 3 esliz
-0.1+ 4
X X -
0.2} — dx (t) __a 1(; ) bx (t) (YA)
dt 1+ x5 (t-7)
-0.31 4
04t 1 Sis ST e 5 dzib e b=1 50=0.2 G daly y5 &S
-0.5 L

I . I . . I I .
0 50 100 150 200 250 300 350 400 450 500
Data (k)

(= (S0) 05031 loesls gl Juto s 5 (ol VA JSCa

acd 3 s e Ol s ISl psT ey G s ol waLT>17

@8 53 ¥ b e ol Wlie ol 3 e plasl slagssle

S St 6l e Gleds) Sl ol s Ol anslie VY g

5 eslizal b X(E46) Hldis fo i Coda andllas ol 55 ol 0

e <
oS S 3 x(£-30), x(t-24), X(t-18), X(t-12), X(t-6)  csla

Network e Train e Test Epoch Structure Parameter < ( )

S, - o Oy |y dls ol ll sl ax(t
MLP 145e2  127e-2 1500 8-12-1 177 A S T
PCA-MLP  7.23e-3  1.06e-2 1500 5-7-1 70 235 s ) & g2 LK
RBF 3.62e-3  3.59%e-3 1000 30 240 Gg05 000 Ll ol oslazul (gilwand Cpl )5 0503 diges Voo
ANFIS 1.21e3  136e-3 100 64 472 B

losls Olgie 4 sdilodl @gus Orr 5 554eT o3ls Oly |
SPMFIS®  1.92e-3  1.89e-3 100 4 44 laeals Dlse ol pui 005 Al el Do 4 s
SPMFIS®  1.59e-3  1.47e-3 100 8 80 03l SPMFIS (glaaSi jlist b . ilacd 5 515 n s 3550 09037

(V)shﬁ)s%j@aw\ﬁ:C\ﬁ‘.«‘;R}M}}JQ‘ML{AM

C‘J;‘:“”‘ u‘t"‘” 23 okl Dl’fi‘ S Al ).‘ L;t'“ ULiLl 2? L;LE.> E) @éb LS?}J; WJe @}} Llods osls u,:’-il-w W) K}

. . . & g LT s . /:. -
Sl G Guote Gl Sk T bl e s (S A 5 OV sla IS8 55 05n3T slaesls plalid 53 Jue 31 ol

2 L sl . el T
OY) Jgd 53 SPMFIS” st b 3l eslizal b wd8= Ko STy 54T oy Calien Sl Ve 3 65l amd opl 5> ek sl LS

el o ol 2Ll 2 sy o b amlie )3 MSE sl s Kike o ol a8 8

3 NAs 55T Glag s S oal 5s el esls 0l (1)) st

Sl S e s 53 ol slan ] S 4 4 5ei VY Jgd las Sl 50V b e

- S
Dataset Produced Semi-Polynomial
0.39 x,°%*- 0.49 x,°%- 0.97x:"%" + 0.47 x,"*°- 0.70 xs"**-
Mackey- 1 1.00 x6>>°
Glass 0.92 x,°%+ 0.02 x,"*’- 0.90xs"" -1.11 x,"”- 0.09 x5"%-
2 0.01 X61.31

Journal of Control, Vol. 4, No. 3, Fall 2010 VFAS by oF o jlad oF e o S dloms



SN sty IS 5 s Ll 5355187 SIS 18 o S Glalar i 40 (656 s 520 \ig

qu‘éaa)}i&)@:—&w‘ui:ﬁj)T

[3] Lin CK, Wang SD, “Fuzzy system identification
using an adaptive learning rule with terminal
attractors”, J. Fuzzy Sets Syst., 1999, pp. 343-352.

[4] Kang SJ, Woo CH, Hwang HS, Woo KB,
“Evolutionary design of fuzzy rule base for nonlinear
system modeling and control”, IEEE Trans. Fuzzy
Syst., 2000, Vol. 8, No. 1, pp. 37-45.

[5] Huang YP, Wang SF, “Designing a fuzzy model by
adaptive macroevolution genetic algorithms”, Fuzzy
Sets Syst., 2000, Vol. 113, pp. 367-379.

[6] Wu TP, Chen SM, “A new method for constructing
membership functions and fuzzy rules from training
examples”, IEEE Trans. Syst, Man, Cybern. B,
Cybern., 1999, Vol. 29, No. 1, pp. 2540, Feb. 1999.

[7] Abraham A, “EvoNF: A framework for optimization
of fuzzy inference systems using neural network
learning and evolutionary computation”, In Proc. of
the 17th IEEE Int. Symp. Intelligent Control, 2002,
pp. 327-332.

[8] Denna M, Mauri G, Zanaboni AM, “Learning fuzzy
rules with tabu search-an application to control”,
IEEE Trans. Fuzzy Syst., 1999, Vol. 7, No. 2, pp.
295-318.

[9] Raju GV, Zhou J, “Adaptive hierarchical fuzzy
controller”, IEEE Trans. Syst.,, Man, Cybern., 1993,
Vol. 23, No. 4, pp. 973-980.

[10] Wang LX, “Analysis and design of hierarchical
fuzzy systems”, IEEE Trans. Fuzzy Syst., 1999, Vol.
7, No. 5, pp. 617-624.

[11] Fern“andez A, Del Jesus MJ, Herrera F, “Analysing
the Hierarchical Fuzzy Rule Based Classification
Systems with Genetic Rule Selection”, In Proc. of
the Fourth International Workshop on Genetic and
Evolutionary Fuzzy Systems, 2010, pp. 69-74.

[12] Huwendiek O, Brockmann W, “Function
approximation with decomposed fuzzy systems”,
Fuzzy Sets Syst., 1999, Vol. 101, pp. 273-286.

[13] Wang D, Zeng XJ, Keane JA, “Intermediate
Variable Normalization for Gradient Descent
Learning for Hierarchical Fuzzy System”, IEEE
Trans On Fuzzy Systems, 2009, Vol. 17, No. 2, pp.
468-476.

[14] Rainer H, “Rule generation for hierarchical fuzzy
systems”, In Proc. of Annu. Conf. North American
Fuzzy Information Processing, 1997, pp. 444-449.

[15] Masmoudi NK, Rekik C, DJemel M, Derbel N,
“Optimal Control for Discrete Large Scale
Nonlinear Systems using Hierarchical Fuzzy
Systems”, In Proc. of the Second International
Conference on Machine Learning and Computing,
2010.

S 5 domi A

33 0T 3,58 5 4s b 2 SPMFIS S bl dlie oyl 5o

o 30sn Gl S St 3 e bl S Gy WIS
4 o Lo 4 osls S o T S 2 SOEY g
3505 b 0> (S hs gl 5 53505 035 slal Al s
Sl iipel sk 4 cpmen 3,8 o 3 ANFIS S
by sl sy SPM s gl eyl 55 5 ANFIS S
3 oalizal (sbie o ege 3 (S e S35 01 S o, S
e 56 Gpten Jole Glebs, s 53 SPMFIS jesla
S 86 el ol oS Aab e (656 ol B sl Bl )l EalS
2y 50 bl (G5l ooly (6l 5L 2 e Ol g abBl Ol5ee 53 (0L 5
e 415 31 e 53 (6 2y o B ) oo 5 anils L
4 bl oo L GVL e B ol 51 Sae sl o zaS 5 s
i b8 (il Bl 55 e gusns Hlas SEA 3425 Losdle
2sh e i oYL u= GANFIS <56 e g 53 oS (B me
$39,9 ;lml{&uw ‘_glju;jl'sv:..“:.uéuj:ﬁl)li;»l)é:\,\.d
Sl 3D 5l ealy 5 Sy e OSGI o oS 0ks 5L 5 s 4 VL
RS 5 S5 Shos o ol ) T Al o 515 4 o
@B A el (656 e BT 0L o ol Ser oy
el sl (DS 0ks 7 o (656 (s oS das o DL Juol
3 RBF cbaals MLP clasSs |5 5l Jsldze slgiisy ol 5o
Olee a5y gw b 5 ol (s WIS 55 ANFIS jlsLs
Sl odd ke Ba) 3 Shee (5ile atg sk 0 38K, S
5okl gl Al S 5s slam L5 Ol shte 4 g Kal,
Ll 0 SPM ksl 3l p g3 tdm 55 WO & o 3 oslizal 35

2,8 A s

&y

[1] Gan Q, Harris CJ, “Fuzzy local linearization and
logic basis function expansion in nonlinear system
modeling”, IEEE Trans. Syst, Man, Cybern. B,
Cybern., 1999, Vol. 29, No. 4, pp. 559-565.

[2] Shi Y, Eberhart R, Chen Y, “Implementation of
evolutionary fuzzy systems”, IEEE Trans. Fuzzy
Syst., 1999, Vol. 7, No. 2, pp. 109-119.

Journal of Control, Vol. 4, No. 3, Fall 2010

YA ol oF o sled oF o o 257 als



1% ,ijl‘54;,u.da’,W&uujnﬂtf\{&lf-,fy-j\fuémgx.?@é;uw@?,u

s e Jso, 55 (soUle (g S 5T

Pattern Anal. Mach. Intell., 2005, Vol. 27, No. 3,
pp. 328-340.

[32] Belhumeur PN, Hespanha JP, Kriegman DJ,
“Fisherfaces: recognition using class specific linear
projection”, IEEE Trans. Pattern Anal. Mach.
Intell., 1997, Vol. 19, No. 7, pp. 711-720.

[33] Li H, Jiang T, Zhang K, “Efficient and robust
feature extraction by maximum margin criterion”,
IEEE Trans. Neural Networks, 2006, Vol. 17, No. 1,
pp. 157-165.

[34] Turk M, Pentland A, “Face recognition using
eigenfaces”, In Proc. of the Computer Vision and
Pattern Recognition, 1991.

[35] Yang J, Frangi AF, Yang YJ, Zhang D, Jin Z,
“KPCA plus LDA: A complete kernel fisher
discriminant framework for feature extraction and
recognition”, IEEE Trans. Pattern Anal. Mach.
Intell., 2005, Vol. 27, No. 2, pp. 230-244.

[36] Yang Y, Pedersen JO, “A comparative study on
feature selection”, In Proc. of ACM International
Conference on Research and Development in
Information Retrieval, 1999, pp. 42-49.

[37] Mao J, Jain AK, *“Artificial neural networks for
feature selection and multivariate data projection”,
IEEE Trans. Neural Networks, 2005, Vol. 6, No. 2,
pp. 296-317.

[38] Kohavi R, John GH, “Wrappers for feature subset
selection”, Artif. Intell. 1997, Vol. 97, pp. 273-324.

[39] Webb AR, “Statistical Pattern Recognition”,
Second edition. John Wiley & Sons, 2002.

[40] Hettich S, Blake CL, Merz CJ, UCI repository of
machine learning  databases.  Available at
http://www.ics.uci.edu/~mlearn/MLRepository.html,
1998.

[41] Duda RO, Hart PE, Stork DG, “Pattern
Classification”, Second edition. John Wiley & Sons,
2001.

[42] Fukunaga K, “Introduction to Statistical Pattern
Recognition”, Second edition. Academic Press,
1990.

[43] Kim J, Chung J, “Reduction of Dimension of HMM
parameters using ICA and PCA in MLLR
Framework for Speaker Adaptation,” Eurospeech,
Geneva, 2003.

[44] Altman DG, “Diagnostic tests. 1: Sensitivity and
specificeity,” Bland JM, 1994, p. 1552.

[45] Sakaguchi A, Yamamoto T, “A study on system
identification using GA and GMDH network”, In
Proc. of the 29™ Annual Conference of Inductrial
Electronic Society, IECON, 2003.

[46] Pham DT, Karaboga D, “Training elman and jordan
networks for system identification using genetic
algorithms”, Artif. Intell. Eng., 1999, Vol. 13, pp.
107-117.

[47] Narendra KS, Parthasarathy K, “Identification and
control of dynamical system using neural networks”,

[16] Brown M, Bossley KM, Mills DJ, Harris CJ, “High
dimensional neurofuzzy systems: Overcoming the
curse of dimensionality”, In Proc. of the 4th Int.
Conf. Fuzzy Systems, 1995, pp. 2139-2146.

[17] Babuska R, “Fuzzy modeling and identification”,
Ph.D. dissertation, Univ. Delft, Delft, The
Netherlands, 1996.

[18] Angelov P, Filev D, “An approach to online
identification of Takagi-Sugeno fuzzy models”,
IEEE Trans. Syst., Man, Cybern. B, Cybern., 2004,
Vol. 34, No. 1, pp. 484-498.

[19] Abraham A, “Adaptation of Fuzzy Inference System
Using Neural Learning, Fuzzy System Engineering:
Theory and Practice”, Springer-Verlag, 2005, Ch. 3,
pp. 53-83.

[20] Duan JC, Chung FL, “Multilevel fuzzy relational
systems: Structure and identification”, Soft Comput.,
2002, Vol. 6, pp. 71-86.

[21] Joo MG, Lee JS, “A class of hierarchical fuzzy
systems with constraints on the fuzzy rules” , IEEE
Trans. Fuzzy Syst., 2005, Vol. 13, No. 2, pp. 194-
203.

[22] Paulo S, “Clustering and hierarchization of fuzzy
systems”, Soft Comput. J., 2005, Vol. 9, No. 10, pp.
715-731.

[23] Chen MY, Linkensm DA, “A systematic neuro-
fuzzy modeling framework with application to
material property prediction”, IEEE Trans. Syst.,
Man, Cybern. B, 2001, Vol.31, 781-790.

[24] Wang LX, “Universal approximation by hierarchical
fuzzy systems”, Fuzzy Sets Syst., 1998, Vol. 93, pp.
223-230.

[25] Lee ML, Chung HY, Yu FM, “Modeling of
hierarchical fuzzy systems”, Fuzzy sets and systems,
2003, Vol. 138, pp. 343-361.

[26] Jang JR, “ANFIS: Adaptive Network-Based Fuzzy
Inference System”, IEEE Trans. Sys.,Man and
Cybernetics., 1993, Vol. 23, No.3.

[27] Takagi T, Sugeno M, “Fuzzy identification of
systems and its application to modeling and
control”, IEEE Trans. Syst. Man, Cybern., 1985,
Vol. SMC-15, No. 1, pp. 116-132.

[28] Kasabov N, Song Q, “DENFIS: Dynamic, evolving
neural-fuzzy inference system and its application for
time-series prediction”, IEEE Trans. Fuzzy Syst.,
2002, Vol. 10, No. 1, pp. 144-154.

[29] Yager RR, Zadeh LA, “Fuzzy Sets Neural
Networks, and Soft Computing”, Van Nostrand
Reinhold, 1994.

[30] Kumar M, Garg DP, “Intelligent Learning of Fuzzy
Logic Controllers via Neural Network and Genetic
Algorithm”, In Proc. of JUSFA, 2004, 19-21.

[31] He X, Yan S, Hu Y, Niyogi P, Zhang H, “Face
recognition using laplacianfaces”, IEEE Trans.

Journal of Control, Vol. 4, No. 3, Fall 2010

YA ol oF o sled oF o o 257 als



SN sty IS 5 s Ll 5355187 SIS 18 o S Glalar i 40 (656 s 520 YA

qu‘éaa)}i&)@:—&.@uui:ﬁj)T

[51] Yang J, Frangi AF, Yang JY, Zhang D, Jin Z,
“KPCA plus LDA: A complete kernel fisher
discriminant framework for feature extraction and
recognition,” IEEE Trans. Pattern Anal. Mach.
Intell., 2005, Vol. 27(2), pp. 230-244.

[52] Hornik K, Stinchombe M, White H, “Multilayer
feedforward networks are universal approximators,”
IEEE Trans. Neural Computation, 1996, Vol. 7(3),
pp. 776-781.

[53] Kosko B, “Fuzzy systems as universal
approximators,” IEEE Trans. Computers, 1994, Vol.
43, pp 1329.

IEEE Trans. Neural Networks, 1990, Vol. 1, pp. 4—
27.

[48] He X, Yan S, Hu Y, Niyogi P, Zhang H, “Face
recognition using laplacianfaces,” IEEE Trans.
Pattern Anal. Mach. Intell., 2005, Vol. 27(3), pp.
328-340.

[49] Belhumeur PN, Hespanha JP, Kriegman DJ,
“Fisherfaces: recognition using class specific linear
projection,” IEEE Trans. Pattern Anal. Mach.
Intell., 1997, Vol. 19(7), pp. 711-720.

[50] Li H, Jiang T, Zhang K, “Efficient and robust
feature extraction by maximum margin criterion,”
IEEE Trans. Neural Networks, 2006, Vol. 17(1), pp.
157-165.

Journal of Control, Vol. 4, No. 3, Fall 2010

YA ol oF o sled oF o o 257 als



ISSN 2008-8345
YA-Y0 aio VAL J:Lli Al G)Lm.-ii f .\.l?

()

ey

i

ol G290 Colon H Al 3 F 9 Culni A 4 (pgd WO
S5 &l 2

nobari @eetd.KNtU.BC.IT ¢ g sb cpll a4l mtns ol8til5 (5 5nlS 5 5y ot 54K 5l seu

OYAS/ANY lie oy fu )b OFAAV/Y las 5L 55 jo 56

(a3 il 3 ¢2SCgo (ol il (51 S 5 il ka0l SVlen il ula 056 51l | oy

Wl 0313 L3 1y 35l 03 ged Sl SVolan (255 51y o7 (28 53 plell pl T gr oy (b 4w sLb S Sl
38 Bl 4 o 03 St 4 e Lo ger T (S iy iy K5 sleaBlans 53 (6,8 )05 fotis SVslas el
JJLL;}.::L» otngc.U}.i ad g ‘r_le.@u .b_:.k:'-.:\i;,:: ‘,;TL&SJAK:MJ)) QY:MQ{\ 6:5} .::stakj&:f.}élah\m.?
LaSaly 51 5 oo cdel Syl s 5ty Sledy sl Gl o 5 A3 o0 oy 0y (S35l e Joond (ST o2 47 s ial

\LM‘AJAT@L‘UR‘SJS&A}L)\:‘“PN J}J;JY:-’J?[’J);WJ‘WWML
w3 bost (6,8 )3 domio cewls b 3 8 5 cuin (ST Olods”

New Insight in the Pursue-Escape Geometry by the Inspiration
of PN Guidance

Jafar Heyrani Nobari

Abstract: By the inspiration of PN guidance law, the equations of the pursue-escape geometry
in the genera form of the three dimensional space, are derived. This inspiration shows itself in the
coordination which is selected for deriving the equations. Whenever these equations are derived in
the other coordination, the complexity causes the difficulty of the analysis and the insight. When the
equations are derived in the coordination which we name the LOS coordination, these are became
so easy and expressive that give skilled tools for analysis and can open the ways for proposal of the
modern guidance law. In particular, this issue display in the anadysis and the reasoning of the PN
guidance law which the important results were given.
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A Fixed-Order Robust Decentralized Dynamic Output Feedback
Controller Design for Large Scale Systems with Nonlinear
Uncertainty

Mahdi Sojoodi, Vahid Johari Majd

Abstract: The objective of this paper is to propose a fixed-order non-fragile dynamic output
control scheme within the LMI framework for robust decentralized stabilization of systems
composed of linear dynamic subsystems coupled by static nonlinear interconnections satisfying
quadratic constraints. The procedure utilizes the general linear dynamic feedback structure in
presence of parameter uncertainty. In this design, the maximum robustness degree of the closed
loop system is obtained through solving the optimization problem under stabilizing conditions given
in the form of LMIs, and then the fixed order controller parameters are calculated based on the
obtained results. A numerical example illustrates the applicability and effectiveness of the method.

Keywords: Output dynamic feedback, large scale systems, non-fragile controller, fixed-order
controller, linear matrix inequality (LMI).
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Designing a Stochastic Adaptive Stable in Probability Observer,
for Noisy Uncertain Chaotic Systems

Moosa Ayati, Hamid Khaloozadeh

Abstract: In this paper a novel stochastic adaptive sliding mode observer is developed which is
able to estimate the states of an uncertain chaotic system with model and parametric uncertainties.
The type of the model uncertainty could be unknown and its upper bound is estimated by adaptive
methods. The unknown parameters are estimated using a proposed adaptation law. In addition, the
effects of noise are considered in the observer dynamics and then the response system is modeled
via stochastic differential equations. Using stochastic calculus and stochastic Lyapunov stability, the
stability in probability of the states’ error system is proved. Moreover, it is proved that the states of
the proposed observer converge to the drive system states while the adaptation gains of the observer
remain non-singular and bounded. Since the observer can suppress the effect of noise and
uncertainties and the states’ convergence is proved, proposed observer is used in a noisy chaos
synchronization system.

Keywords: Sliding mode observer, Stochastic Lyapunov stability, Chaotic systems
synchronization, Stochastic differential equation.
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Fault Detection Filter Design for Uncertain LTI Systems using
H., Norm Error Minimization

Hamid Ranjbar, Mohammad Ali Nekoui

Abstract: Due to the importance of fault detection in maintaining the performance and
immunity of control process, various methods have been proposed where as well as fault
detection, the robustness of the system with respect to uncertainty and disturbance has been also
discussed. In this regard a compromise between error sesitivity of the system and its robustness
should be considered. One of the proposed methods is based on transformation of robust fault
detection problem to a standard H,, model-matching one. In this paper after the selection of a
proper reference model for the robust fault detection problem, a residual generator will be
considered on the basis of an H,, minimization of the difference between reference model the
realastic residual generator using LMI technics. A design example has been chosen to
demonstrate the effectiveness of the proposed approach.

Keywords : Robust Fault Detection, Modelling Error, LMI
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Control of Closed Kinematic Chains Based on SPF Model without
Velocity Measurements

Hossein Bolandi, Amir Farhad Ehyael

Abstract: In this paper, position control of a dual manipulator system for transporting a
common payload is considered. In this regard, a centralized controller is designed for a reduced
model developed based on a singularly perturbed formulation (SPF) which reduces the differential-
algebraic dynamic equations of the system to a set of ordinary differential equations. In this
approach, the controller does not rely on solving nonlinear algebraic constraints and is more
applicable to rea-time implementation. At the same time, a linear observer is designed to estimate
the joint velocities which leads to elimination of velocity sensors and prevents noise injection into
the system which may degrade the system performance. Finally, stability of the system is proved by
using Lyapunov theorem. Simulation resultsillustrate the effectiveness of the proposed method.

Keywords: Position control, Cooperative transportation, Closed kinematic chains, Velocity
observer, Reduced model.
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