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Analysis and Design of Type2 Fuzzy Controller and Observer Based on TS Model
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Abstract: This paper addresses the application to controlling of a new system method, type-2 FLS( fuzzy logic

system) . The basic concept and operations of type-2 fuzzy sets and systems are introduced, the output forms of type-

2 FLS mles are deduced based on the TS model, and the analysis and design of the type-2 fuzzy controller and obse rv-

erare given on the basis of the TS model. The numerical simulation on an inverted pendulum cart is given to confim

the theory. At the end of this paper, the analysis and comparison among the traditional method, type-1 FLS method

and type-2 FLS method are discussed.
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1 " RBB RSN/ (Type2 FLS over
view)

e G T VL AN RS BB A e R SR
JBEAESS T BRI | IX M AL S8 i BOM B & 0k Oy — Y
*%ﬁﬂ:%éﬁ( type-1 fuzzy systems) ST AT E
JEBTR IR GE B AR B rh o 3 S SR (Bt 2 A
BRI ) — OB 58 A Pk g — RO AR
(type-2 fuzzy sets). — B BRI 4R & 1 18 & WL SC ik
(1]

He T HUBOHI AR ST R SR — RO R ¢
(type-l FLS) 3= - RUBRI A i U FR O — 2 A )
ARYE (type-2 FLS). BRI RG22 — MRS
TH, 19984 HIFF M KT TR 4T
VRN L JF D Y AE I8 AR (5 S 44k b R0OR 8
F 0 AR R T AT R e A A
IR G T R B EAT BTSRRI 2 T7 k%

Wk H I - 2004 - 06 - 09

IV FI8AE AW LS4,

TR S T B 21 BRSO B R 2R G I S AN

S8 S AR AR E AE X BRI, x
€ XH:

Bo(x) = f(M) M+ () M+

+EE) A, KE S [0,1]
(1)

A AT TT RN RBEEA G LE J.c[0,1]H
Je BB Sk us ()T CER N A
W) xfERJEEE (prinary membership) , L3
FEMMRBEEAL £ ()RR JEFEAA (secondary
membership) .

IR S I A IRAE AT I AN AE Za-

RETH EHEK 973 RIEBITE (G2002¢5312205) ; B K HARFIEIEE T BITE (60174018) ;[ 5K AR B2 T4 KW R & I g
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deh B 30k S TR Y <P R JR ) » 1 o — 7
B G IIAE JF AN E XN (KX AR B 5& AR IR
X B RBOIES )
AN "Be By (1) = W () N 1 (x)
- [Jrw g @) e w
(2)
I AU "Be s (x) = B (v) U B (x)
- [ g @ v o
(3)

e deu 0 = =8 @ = [0 w/a-w

Hehn U7, - R ZRBOI ARG 1A I b
B BT ERI N o “ RIS M N U
~MPEAEFAE — B S EINIEH meet. join A1
nega tion (B PY A3 SCHR A E AT T B A2 JF 4h (H
AT EARIZ T O A AR ) .+ RoRFERTH R,
1MV R RIS
TERGB AT ] — BB & XA R Gt 8
TR R G LAY ) R R 4 — RO
RGRIE o AL B 1, — M A AN B 2
( fuzzifier) FEMPE ( rles) JEPEG] % ( interference) .
KA ( defuzzifier) fHH T RGEEAE RIS E =M
BORIGE S T LA N T B 8% ( type- reducer) . HLAK

1 BB RRSRT LA S SR [ 2] ~ (5]
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Fig. 1

2 L RUBUH A% 0 B AIRTE (Analysis
and design of type2 fuzzy controller)
ST AN EPE e S A PR AR
SO REFN P IR A AR 7 R TP AR 2 A L
1 2 A TSR E AR US| TSR At 2 FH 2 N o

IF z (t) is 1‘311 and z (t) is ile and.--and z () is f:; THEN

Type-2 FLS frame

LMERRDORAU S RAAR LM RSB | X
SRR RIS Z R AN th R 48,8l LUE
ZAN TR AL VE R W BRI AR S ORI
PRAE RO R GOT RIS A58 TSEOM R 4t
ARV 3K AL A2 RO R 4

B ERMNAR RGN -
x(t) =Ax(t) +Bu(t)
y(h) =Cx(1)

(5)

Hi 1=1,2, 0, M, FL(j=1,2... p) i “TUBIHI4E , <€ R nfEHORAS R, u€ RE AR R, y€ R
& mYEME R, A€ R, BE R, CGER™", 7 (1) ~z (HRRGM pANvl WA= KT 2 —
ANTIBORISES s L (2) JKELE ) FLx e x BRSO R AR 2 = (5, o, 5 M
B2 — A AU B Z B (ot R At iy A B0 2 0 LU U 2 7 AR O R BEAT & s L I it
Al LIS

uz"’;"llx}?;x,..x;"; (2) =U 5[ Ko (2) n u}?]’x;‘éx,..xi—;} (2)] (6)
WX 2R H s oA ik ) AT DA TR A
”z'of(x;;x,..xf; (2) = uﬁl’xiz’x...xer (z) = “;]t ()N ...N uﬁ;(%) =ﬂf=1“;’:(2) (7)

SR SO OC R T RIBOIE AR W R AL AT R
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Z 1 I
~Y J J‘A = B ( )/ FLUZ = > B U (8)
2 [
i 2 A RUBERIARE RS PR ﬂ“E’Jﬁ/zifﬁEMc H (HIVEPFRAT (8) T LA

- ] >l (A + B
L e O R ()
2w
. 1=1
o i ZwlC,x
YW, oo, WY = J...Jr,l b (W) S (10)
2w
I=1
M
K TSI BN o BECh N AME BRI RS N = [ NASIGE S o)
I=1
" | M o wj &
X(W,...,W)=]_:Z]M (1:21 =1, w_r,l Wl(w)) (11)
E‘l wy; (Ax+Bu)
FrAL N
N M N M NM
ijgwﬂ(AlirBlu) ngjwﬂ(A,erBlu) dZ::lwd (A;x+B,u)
x =" N M = N M . NM (12)
J_:ZI wjgdl Wy ,:21 1:21 w;w; 42::1 Wy
Z w, C, x
By =" (13)

HH w, =wwH d=1,...,NM; j=1,.. N; I=1,..,M; 1 I=mod(d, M) +1I}, A (B,,C,) =A (B, C).

RGBS — BB RS AL AR S SCHR [ 61 HIUENT |, w] AT R G0 2 rT ALK 5541,
T 28 2303 A2 0 20 i ), D 4 ) 48 RO 245 73 75 () e v S T & R A 2 ) — TR R OR R e 1 s SR B

S 1 WERRBIEFEXS (A, B), I=1, ..., MR RG22 48 KU 2R BT 3 7 1) — R ASORY)
RYise R

T IRRSER As v LARIE R 1

IF 7z (t) is fll and z (t) is ?21 and..-and z (f) is F; THEN u(t) = - K,x(?) (14)
FEHVHRE K, o] DL AR SR B B A i 5 A5 2 3 T RUBDR AL 2 4 T A 1 (Analysis
SERL 1 WERARAE — N IEEHFE P AL and design of type2 fuzzy observer )
A - BK)'P, +P, (A - BK, 0 o . s A
(o B TR RNES LSRRI SR B AR A A
" (1=1,, M) BT T SEBL  I0 J 00 BE Rp
N 5 K BIR G B A SEEUNL I 2% 5 — BUAHALL X R 07
- + - Y N ~ ) N, 1N 3
e PRI AR B 305 VR, — RO R Ze0
i
Bk A - B ey MREMALE TR RY
+ P ( 5 ) <0 W TR R Gy R =X (5) 0 -
(1< m< M SEX 2 WERABIEERT (4, C), 1=1, .., M

MRS AT AL p, WL vrkbbape g FONIRIEIDR MRS e i = R

SRS A A RS b e s GO
Sl SERRIIVERFIE W W SRR [ 6] . RN 2R G W 3 T LA A
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F 5 () is B and 2 (5) is E and — and 5 (f) s F! THE+ x(t) = A x(t) +Bu(t) +GLy(t) - y(b] (17

y() = G (b
MIHIRE G, w] L A G B 4 7 VAR 3
R 2 WIRAFAE— A IE R HBE P, Wi AE

(A - GC)'P, +P, (A - GC) <0 (I=1,...,M) (18)
H
A - GC, + G,C A GC, + G,C
1 1 ~m 2A7 I)TP 1 ZAH I) (l<m<M) (19)

W RG W RGE R . P, v LA MRS A AN A 78 0 A tE i A 78 B4 PE o BE AR 1R FTHIE B L
HR[6].

4 BEEEAFH 53T (Analysis and design for discrete-tim e case )

B TS MBS A RS LU IF-THENRUIPE R R IR AR A AE I R R 48 LA 14
RN -

o - o # x(k+1) = Alx(k) + Biu(k)
IF z (t) is F, and 3 (¢) is F, and ---and z (f) is F, THE I=1,2,...,M
y(k) = Cx(k)

(20)
SRR 2 WV R R G RO BN R 2 B RORE AL R Sl R

Dlw 2wy (Ax(k) +Blu(k) 2w (Ax(k) + Biu(k)
x(k+1) =F—F—— == o (21)

I IH Y
2w, Crx(k)
y(k) =" (22)
de

b A (B!, €y = A(BY, C),%4 1=mod(d, M) +1.

M T S0 RT LA H e — 7 3R 455 1) i AR AR AR STk [ 61 PT LUK AR DG e B S R AR
I 73 2 S ) FRAT TR 2 o e MOUL I 25 3 TF vt

W RUBOM B R gy B R K (20) )

X3 WRRBUEMESS (AL, B)), 1=1, .., M,RIEM SR GEE nl ¥ 11, W) 2R 58 9000 2 it e o 1) — 74
PROR 23 150 2R G0 A2 S T 11

B 4 WRRBUEMEST (AL, Ty, 1=1, ., MRIERIE BRG] I 28 28 B0 I A 2 0% 1 2R
EERG A R

FRPEZRGE (18 R4 il 2% VRSB UL U 2% 1R RN ] o3 Sl st R

AR 1

IF 5 () is F| and 2 () is F) and ...and 7 () is F, THEN u(k) = - Kl x(k) (23)
SERE 8 WHERAFAE /N IEEHE Pl
(A - BIK)'P, + P (4 - BiK}) <0 (I=1,.., M) (24)
H
d d
kI_BI<:-;AI mK’;)TP*'Pl\I_BKj;A’ mK?)<0(l<m<M) (25)

MRS WA ER) , P, AT ALl LMK
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pURIESS
X(k+1) = A x(k) +Blu(k) + G Ly(k) - y(k)]

IF 7 (k) is K and 3 (f) is F, and ---and 3 (f) is F, THE+ : )
y(k) = C x(k)

(26)
B 4 WIRAFAE AN IEEMBE P,
(Al - GIC)'P, + P, (A - GC) <0 (I=1,-.,M) (27)
H
GG A -GG, A-GG A -GG (m<M) (28

2 : 2
WRGERAERE N . P, ATLLEE IMUT R WL RAIAECR R G A 57 42 55 1 1y
A AR A AT B B RO WU R I N LR R
WHE G (=1, ., MyBIRIETT LIS WS [7] WA (WAl W IR AR R AR A
. PSR B 2 T A [ BRI S B

PR X ) R BRSO 9 I £
5 PIF4R (Simulation result) VIR BEAELAF g 1 0K 6], 32 39 3 i e =
RSCHE SR N T T N BRI 2.3 BRI B A 207 60°TH 0 BT

B B A MBI B 502 0 260

(b)

2 HIHAR A5 5k 20 a)F1 60° ( by SE I 5 GOIRAS A8 AR R AR £
Fig.2 Displacement and angle for the cases of initial angles are 20°( a) and 60°( b)
B 2B RGEBATINT (s) ; PVARBR AT RS (m) R A ( rad) .
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Fig. 3 Output for the cases of initial angles are 20°( a) and 60°( b)
B 3REARKR S RGUSATIII () PR RGN (N).

6 M5 545 (Analysis and conclusion) (R Ab PR TTE: B — Kb P RSOR 3 H A FAE S T —

LRI R R A E St ek IR R I AE T A R R S
G L & ORI A RS iR Ry OEARS R fel LR R ST
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CZAT A I M ] C 2 B B AT 1% JF
AR ) AR G5 ik AT TR] LOx BE 52 2% SE AN
(KIARGEIEAT HER 0 M AAT R (R A 27 1

432 UM R GETILII R & 4 a) 2k )s
5 E BRI R A AR R A PR I L E
SR TIRAE I 4 ( o) TUBUMI R S0 7V R I
LR AR ILE TN ARG N TR RS
— M TSEUIE I RS RGN T AL R
g8 SRJE AR > B IS D RN B R G0 Il B4
A AL % I Al B AR AIF ST — BRI 2 ) R 4
IRFIE AR MRE LRI N R 2 ML (U

BT RGN A T AN S T R 2 PR
RIS I BOE U I R GE , LIRS 1
R MRS ERE B 4( o)t R TSEOM RSy
2 AT A — BRI R T R R G A
RE ARG TN ARG T MR REE AN
AL L4 £ i N 5 100 5 J i 1 U B 1y i 1
sy ot B R E Sl i E A
PRI I S R LA AL 5 e A ml RE MR B B
RO IR BRI AR B )E R4
Bt P L RUBORI AR AU IR B8 T R
HRE=RE N N TD I SR WILE |32 i kb oS

RIRAT A S A R E | BT LUK PR e (REBIRE it i BOMI R SRS B A 2

A egmmmg

Fig. 4  Traditional control systems, type-1 FLS and type-2 FLS
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