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ABSTRACT

According as the controlled plants become more complex and large-scaled, the development
of more intelligent control schemes is required in the control field. A fuzzy logic
control (FLC) is one of proper schemes for this tendency. Recently, fuzzy control has been
applied successfully to many industrial applications due to a number of advantages. But it
gtill has some disadvantages. The conventional FLC has many tuning parameters: membership
functions, scaling factors, and so forth. In order to improve this problem, a single-input
fuzzy logic control (SFLC) which greatly simplifies the design process of the conventional
FLC was proposed. Many research has also been proposed to develop the stability analysis
of the FLC, In this paper we analyze the absolute stability of the SFLC. We first expand a
nonlinear controlled plant into a Taylor series about a nominal operating point. And a
fuzzy control system is transformed into a Lure system with nonlinearities. We also prove
that the closed-loop system with the SFLC satisfies the sector condition globally.

Keywords : Fuzzy Logic Control, Absolute Stability, Perturbed Lure System, Sector Condition

1. A g ¥ WaER Agste dnE gad
AA = A7 gAHE o5 HAET
AL g 7Ad=2E EA47) obd & it
Ak AbE 9] wrge] sb&stElE A Aol O axu AFAE HAEHANrE oF F
d Nzde FH oo BRadAn fiEsE o ws 2q oojyst RE AH WSES IL
I odvk olel@ A duRse 534 = dd. o o, Aol dA E@FAe A
2 2t o AFAY A 7HE 27 o EgLdoz =743 A A
Hed, 2 oshve] wetoz #Hx ool o} & & E;’:?Ej tﬂT 8 Eol7] 9% 4
] OE%EJ ATt Te on 2#@HARE ThFEA A= s
#HZo HAE=AAZNFLO)w Ao ¢i o, 7‘;}3'-5—@&[1]01]/\1‘— Zaloly BT Ao
9% AA4 AT 9E BE FAER O s)gd @A AAEAA TS AAE A
ste], thekgt Fokol i &AM AFHL  gsgn, FRBH[2-3]dAME Aol tia
Z #Agx3m gl a2 J%Z]leﬂxﬂoww ZAHET Hia A4 SHS vEE Bgde
ZhAl L e 2AAE Bol EA4%H. 92 se ARE HEwe JIRE T
23, @Y B4 =79 FEH =4 ¥ g9 fA=dA/(SFLO)E 2AT & 9
Fo] At 42 HAX =AY Ad F 2e man ofe&d AeA A7t A=
T AEE FASA BEE 2del A3 3 gogd SR FAsGAG. FuEAM
. Ne HA=gAq71e s dA wde
7122 HAAE=gGAelre B 24 WHT AAslz gk oE e E HR =g A7
g A3 itk dE E9, ¥HA 7, & o 7tgd dAd d@ dgd dEEe] A
Ady WE T 2HE 8= e ¥F gy zm 9oh
of 7 WF Bo wef 239 28] ¥ HA =g Ao7]e] ARG wAel #F AT

_47_



Proceedings of KFIS 2001 Spring Conference, 2001. 5. 19

73_,_}17-5 1:1 1:!1-5}_5]1 24
= HA=gAr Y A BHS 95t 7]
% 3t (describing function) 7]4¥& }%0}051
, FAZH[6]A A= H X =eA 7] E

SISO 2 MIMO Al&gle] 7420
(circle criteria scheme)2 A}&& =
ok FaEATAM = ?_W“E}
7o) Ags MR FHE
AA AT, a2 Ll’”“
HA=gAolzly 7l <t

st

itk o EAB]e A
e

R

,]!

)

—‘—v—‘
2|

~J

1

Mo wo FJ'D

}L
ErH‘H”i

_U_(J_J.u

ilr—-

2;-—[}‘”%0

o]

N g

it ok b ol

= v,
e rie
2L
2o

Al

éo

TA[2-3] A AHEA
EM{EM o} 7] (SFLC)o| ) &}

doed 949
o etAA BEML At o2 ¢Yite w
A 0dY A g FIASE ol Sy

(nominal operating point)sll W3t Taylor F
=2 @AY o 24 3¢ €9 HxEIA
7|8 ZHAE AA Alzdo] BlAY HES
7FAl= Lured] Al=®o g %%}E% Bl
g 2 =dME g 48 #AX=gAd
71E& 7}115 AA Ao Hgs%_ MH
}_7'](5601:01" condition)S W= el

P o=EE Uy gl ¥ o} tﬁ.i o}
< 11]2%“1]*1:_ o FA2-3]AM Atst
A Zd g8 HA=g Aoz AA A
st ZhEFslAl EWstn, AL B =R
o WA @A dE  #AR=gAlr|yg <
3 A A A G vpAEro 2

L}

E
9
b

o ;ﬁdr

i, o -
d
PI

Jr\l

E

Aol A Alzgol Ha
Az Qo™ olgS T FHR= )]
Aoy FHABEE 25 oA (skew-symmetric) ¢!
EAE HAH1-3]. oI AlEEHEEH
d= B 2] #= 2] A o 71 (Single-input
Logic ControDE& A A& < ¢1tH[2-3].

99e 542 7

Fuzzy

WA Aol 4 TAee g go] 49
Ze wage) na Ad wAdeE mAD
&k

x = F(x,z) (0

y==x
X - [x15x2a xn]T (2)

— [x’ ¥ x(n—l)]T
o3, Flx, e ZAss Edsz vz
sge Y, REHoew a7 o
A% FFolth x(He R ZTAHES A
e o], wHeR} WHeRS ZtZ Al
Q

x(HE FFHA e Aot e(E B2

7k o] XHEJL % 9z WE ot}
x () — x40
[e(D, ed. e V(p17

2z2ket exte] WHRE Ao FHF AAF
AFR Abgshis 7189 2-d AR &= A o]
71(PD-type FLC)= 23 28 Ao 73
HFHY g 7FA

e(p) =
(3)

Il

;"H: If ¢ is LE; and eis LDE
then u is LU,

i= 1,2, -, M, ;=12 + N,
o714 LE, LDE, 28] LUE Z4 Z3
E FEl BT e, e, 28X Ao LH y
o}ty A A+ el gt(linguistic value)

_La

ok Ao} i EAEsL HA 94
o Bxe vy, HAAE=dAcle 9
| 2 AF-9H e wo)A
Ao Ao} 2719 |u|
ECE Aoz gt om Aoz i
A Rtk olRg BAgoz

o —d, (4)
cEERS

A =1
= A (signed distance)ztE dtr}e] A
bs

ol |, AR =gHA 7] Ao FAZE #H o
z TILJ1(1:)has;e plane)®| 2-x4 W4lo 4,2}
= Shutel R }

A AAEE 1-2974
dr FHE & At ol& T 94g HAXE=
2 Ao 71 (SFLC)& 31 8z, v} &x o] ghoh

@ Ao} 73
R knem

e Hat

If d, 1s LDL, then wu is LU, ,

7|4 LDL,= k-7 FIAAN REZ 7}

= A7 WFel dof goltk ol & Ao W
HER Aelstd vee ®19 2o

i il

1Ao7l A% Ao

THE
d. | LDL_,| LDL_,| LDLy | LDL, | LDL,
Y7 LUJ LU] LUO -LU—l LU—Z

I ﬂ, ot Al
ZFZ} Negative Big (NB),

=2, -1,0, 1, 282 2
Negative Small

rI.r L:tl



Proceedings of KFIS 2001 Spring Conference, 2001, 5,

(NS), ZeRo (ZR), Positive Small (PS), L3
I Positive Big (PB)€ e+ oA A9
grol vt
T g8 Hx =gzl #of A<
Aol W “—"*HErJ AA AEH @ E
o2 AgatE BSE gEolm, 2-99
=g A o 7] <) H]BHHE dgs =9
cmERAl Ao A Ao A=
l 'E]ﬂ] o]Fo] & 4 gltl. #k o)
FA2-3]dA dFsHEE]l A
71& 4 HA = A}7]e] nvEe

odl _1

—_

me ox Lol 32 & 0
e H

3£w$3gﬁﬁm

x N

o g =
52
rl.r
a7

3 l\EOE- -k e dukEl A2 4
A ZFggd ok o] AgdE Ao dHEe
A 17]7]' 2917 AAdo] ofd 29A x4
H (switching hyperplane)o| A 2] Aglo] v]# &}
A Ak wEtA 2-z2tdelN REE VMRS A
2 MeEdd 4= oA 9 Fe] duksg
PEE A E ekl

Az A5l D2 sHA "rh

o

02£
i

(n—1) (n~2) :
e + A,_e + - Are+ Aje
D, = (B
V14 A2 + A2+ A2
| ASdE By 98 AAEAo}7)E
gt Aol FERRE I W4l D7t AHEE
£ ALstne oA AAEIE T 17 2T

o]

-r1

. gl 9!

H 3 X =2 Hof7] 2

A'I

0
0
I‘-iE

I

1

o

Y vAEy Ao diA} FHEE ded
1 o FaAa 98 3 (xg, ug)dl
o] Taylor §42 A7)t

X = Apx + Byu + g(x,u),

M

(7
y = Cix,

714
A, =1 . (8)
B = [0 bxg)], (9)

=1 e
c; = [1 0l (10)
A71A gxwole Yy X, EFA HE,
Jgsn g Tg xS o wl, AHME

perturbed Lure systeme] &l gt}

2 E=foAe AN B A2%FdA

AARE Y d#H HJAZ =YAA7E U
Heoezm v waM p-xgde] durAel AL
My ©d 8 HA=FAA7IE THS
W Ao FHY FHeE RS vlEEA o

ZA(sector condition)<

&3 Zo] Hedrh
. If D, is LGDL, Then u is LU, .
48 HAA=GAA7Y &

=
2 o F2&(zero action)oll Wil ti&o]1,
il o3l AHE AREES
Aol 48 ue 4SFH o)

w= — (D, (11)

(- )t A D0, sgeE Qo

T, 4714 = e Aot

=) Wialfﬂlom TEA = A A

2 Axde 22 Tolozdoz XA
o}

g9 29 1% 2%

g(x,u)

Fig. 1. SFLCE 7IA = ## Nade EE
cjojo]

xg =09 W, D= e 2o sotd
1k,

D — I Y -t A?é + Ae
‘ VI+ A2 + 3+ 22
= ] (x(”_” + A, x4
A%
+ /.lgx + /1127)
= C’dI‘OX’
(12)
o 71 A
CL = 72— 1[4y, &, =, 4,0y, 11,
3
. (13)
A, = 1.
o] wf, 2(7)9 Lure A&"2 23 o]
ekg
¥ = Ax + Bu + g(x,u),
u = — ¢(Dy), (14)
pI = Clx,
0:-“7])‘:1 A=A0,B=KuBOD1:ﬂ— Cd‘_KdC36

o)},
AADANA APASe] ¢(-)E thed HE

z.]c:wﬁz-loi \:ﬂ- ]_‘—-

0

..49_



Proceedings of KFIS 2001 Spring Conference, 2001, 5 19

Al &9 (time-invariant) 3] 3
$(DHL¢(D,) — tD,1=<0

olAl thZ T} o] zl¢td u
HA = A7 7 AdiEe
(absolutely stable)v AHAL %

AA (149 Na"ELe
= Hurwitz®] 2, (A,
G(s) = C4(sI —A)'B2 minimal realization
oltt, eI H]HME MHEQ o33
o] Astdn

rz:

g(x,uw<=

e(x, wll, < viixll, < L [Ixll;

(16)

2Pl + Zvrzllcdl

& 7] A
IPllz = [Amax (P*P)]%, v30, ,50,

T, (e A" 21 (158 34Hos
RESE AgE 4P et o o, o
: FHH=Z HuA A9

FrAZ - & AR g 9207t 24

Aoz ottt

(17)

el

-
ol
>,
=
£
o

Re[l + (1 +j70)tG(jw)] > 0, Ywe R, (18)
o 7] A

GGw) = Rel CGw)] + 7 Im[ GGw)]. (19)

oj2j gk AMAL thEd o) YEF 5 gl

BA 29 22007 Zo] Lure-#¢] go}Fw

F & (Lure-type Lyapunov function)E 18
8} 2H9].

D,
V.= x"Px + 2;7_[) $(Hrdo (20)

H@0S F W& Azkel wiste] nEew o
&3 2o FH,

V, = x"(PA +A™P)x + 2x"PB
+ 2x"Pg + 277D, ¢
= T@A+A%k—zfmw
+ 2x7Ps + 29c¢Cy(Ax + Bu+ g) .
(21)
A Z2Ac22Y oo 2@ RHEHL
& 4 9l
—2¢(DHl¢(D,) — D] =0. (22)

we}aq,

V, <x7(PA + A™P)x — 2x"PB¢ + 277¢4C,(Ax + Bu)
+ 2xTPg + 2791r¢pCag — 2 ¢ — £ C, %)

< xT(PA + A™P)x — 2xT(PB — 5:ATCT — rCT)y
— (2 +279cCyB)¢* + 2x"Pg + 29r¢C,g.
(23)
Fel AT g8 Bg o) BHEEHEE Adg
=
2(1 + 71C4B) = w2, (24)

X

Fold 27 (BRFH 39 4258 @

F3t= diFolWA FFAH 3 (symmetric

positive-definite matrix)?] P&} P,, ¢j@H

H L 293 ¢ 45 g7t SAFIFO
PA+A™P = —L'L —¢P

~wLT

PB = C] + yrA"CI (25)

P = g,Py+ gl
B RE

V, € —¢&,x'Px + 2x"Pg + 277¢4Cqg
— 2" LTLx = 2wéxT LT + w?¢?]

< — sbePx ~ [Lx—w¢l"[Lx —w¢l
+ 2lIxlIPlpllglly + 222IC I3kl lIgll, .

(26)
A AN% 18RFH 354 2602 g
Zo] aofErt
Ve < — x"(,P —g,Dx
(27

= - sprPox,

B E=EdAe 99X AIEHR-3]AA A
Alg & 1E wHA =g Aol el BEkd 7
43l HEagn. o8o] JAE o8 7%
SAEL ANEIAN AAB ZHHom
2 g7 s e

A&A EeiEeo
Bl F4F ) '~7—7 ¥ 2] =g
A7) 7 A8 =718 thE AR ) A
A Alzdo] Lure-8 o AlAwoz ¥

UTHE AHEZRH @Y 9F H7

Aol7l & AHF A A2rde Aga
A= AdE dSe I
T HARE Ha: 9Y¥ EHS
olo] BAE AA®e dsle] F=xHe] o=

by

Al o

i

o} 24 /H oﬂ

¢

3l
SH

iy
o3
=

ﬂCII fu
o 1
1% 2

u
L=
y

1:13-_
*-1

2

m‘ﬂ
}.

gl

lo i

L%mﬁ

o]
=

_.50_



Proceedings of KFIS 2001 Spring Conference, 2001. 5.
2t et ok

Vi

ite]

ral

N E=!

[1] R. Palm, “Robust Control by Fuzzy
Sliding Mode”, Automatica, vol. 30, no. 9,
pp. 1429-1437, 1994.

[2] B.-]. Choi, S.-W. Kwak and B. K. Kim,
"Design and Stability Analysis of a
Single-Input  Fuzzy Logic  Controller,”
IEEE Trans. Syst., Man, Cybern.(B), vol.
30, no. 2 pp. 303-309, 2000.

[3]1 B.-]. Choi, S.-W. Kwak and B. K. Kim,
"Design of a Single-Input Fuzzy Logic
Controller and Its Properties,” Fuzzy Sets
and Systems, vol. 106, no. 3, pp. 299-308,
1999.

[4] H-X. Li and H. B. Gatland, “Conventional
Fuzzy Control and Its Enhancement,”
IEEE Trans. Syst, Man, Cybern.(B), vol.
26, no. 5, pp. 791-797, 1996,

[5] W. J. M. Kickert and E. H. Mamdani,
“Analysis of A Fuzzy Logic Controller,”
Fuzzy Sets and Systems, vol, 1, no.l, pp.
29-44, 1978.

6] K. S. Ray and D. D. Majumder,
"Application of Circle Criteria for Stability
Analysis of Linear SISQ and MIMO
Systems Associated with Fuzzy Logic
Controller,” IEEE Trans. Syst, Man, and
Cyb., vol. 14, no. 2, pp. 345-349, 1984,

[71 K. Tanaka and M. Sugeno, "Stability
Analysis and Design of Fuzzy Control
Systems,” Fuzzy Sets and Systems, vol.
45, pp. 135-156, 1992.

[8] C-C. Fuh and P.-C. Tung, "Robust
Stability Analysis of Fuzzy Control
Systems,” Fuzzy Sets and Systems, vol
88, pp. 289-298, 1997.

[9] H. K. Khall, Nonlinear Systems,
Macmillan Publishing Co., New York,
1996.

[10] S. Galichet and L. Foulloy, "Fuzzy
controllers : Synthesis and Equivalences,”
IEEE Trans. Fuzzy Syst, vol. 3, no. 2,
pp. 140-148, 1995,

[11] H. L. Malki, H. Li, and G. Chen, "New
design and stability analysis of fuzzy PD
control systems,” IEEE Trans. Fuzzy
Syst., vol. 2, no. 4, pp. 245-2H4, 1994.

_‘51_.



