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Indirect adaptive fuzzy control on interval Type-2 T-S model

LI Yi-min, DU Yi-jun
(Faculty of Science, Jiangsu University, Zhenjiang Jiangsu 212013, China)

Abstract: Based on Type-1 T-S indirect adaptive fuzzy control, the design scheme of the interval Type-2 T-S indirect
adaptive fuzzy control is presented by using Type-2 fuzzy logic systems(FLS) theory. In this system, the antecedents of
the rules are interval Type-2 fuzzy sets and the consequents are crisp numbers. Hence the control method inherits the
benefits of Type-2 FLS which are able to directly handle rule uncertainties and can minimize the effects of uncertainties in
rule-based FLS. Further more, it contains characteristics of T-S fuzzy model whose consequents are linear state equations,
which can improve the accuracy in system modeling and reduce the rule numbers of the system. In the sense that all the
variations involved are uniformly bounded, the closed-loop system can reach global stability by using Lyapunov synthesis
approach. The convergence of the proposed indirect adaptive fuzzy system is analyzed by this approach, and the adaptive
law is derived. The numerical simulation of controlling an inverted pendulum validates the effectiveness and advantage of

the proposed method.
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b = _
0, e Pb.qiuc > 0.
€
XFFar , A|bi] = E(lf =1,2,---,n)i,
1 . ,
b; — _iTglkeTPbCQlekuca eTPbCQQluc > 07
0, e Pb.giu. < 0.

by = 2elf, KA

1 . . .
bg — *5 éloeTPbcq;lum eTPbcq;luc <0,
0, eTPquéluC > 0.
21

1“ <M, jz||¢9 |l = Mg, Eeprcqéleél X

TU, > O,

N 1 .
(9;1)T = —ifgleTPbcqélmuc.

Ol = My, He" Pbegy0y&uc < OFf,
y 1 .
(Oél)T = _§F£16prcqg1$uc

(QZ )Teélqz{uc T
Ol

1.
+ §F;16prc X

(22)

EEGIEHESE S (N ISP Wi
5 R E MRS 43 Hr(Analysis of
stability and convergence)

Type-2 T-S[AJ 4% H i N BRI R 48, il dfu =
Ue + ug. HPu HA2)% H, uHzl(16)%45 H, Bl

INTT[|6]) < M.

. 1. . 1
@ #(0))" = —ifgeTPbcqgi' + §F§eTPbC X
91 Tez
W 2 41|04 = My e Phgi 0 < I,
i

Vi = 0370, =

i (i \T gi i
ﬂrl T Pbqi0i @ + Fz 1 py, a(0h)" Ohdi wf;)i'fﬂq%:o,
f
WIELS] 041 < M.
[FIBATE (| 0F || < M, (|64 ]| < Mg, ||0L.]] < M,.
2) ARG RAAG .
2V .
EH 2 |z(t)] < |yml —i—()\ )2, XN AP
1 5 ZNFRFAE R, . .
iE BESRV. <V, W\Uf)\min|e]2 3 e"Pe <V,
2V
%B/A|e|<()\ : )z, e =y — 2, LA
2V .
lz(t)| < [ym| + l€] < |ym| + ()\ —)Z.
1
EH 3 |ul < g*(f“(x)+yr(r’ll)+|KTe]) +
_ 1 _
2 2V . 2V .
2 Ml + (o) )M+ | + K ()1,
i RG> e, N
£ (x]6r) =
1 L
1> qathx + Z @OHT +
2 =1 j=L+1
R
Zerefrm—’_ Z qgregrm|
1=1 j=R+1
1. L _
§HZQH9293‘+| Z GoIT| +
=1 j=L+1

IZ a3+ Y ol <

Jj=R+1
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1, -
5 [L10Z| + (M — L)|G| +
RIO2| + (M - R)|6z]] <

1 2V 1
SlL (|y‘“|+(Amin) )M; +
2V

(M = L) (ol + (5

)?)M; +

R(Jynl + (—

(1o + (5"

(M (] + () ¥) My + [gin] +

>\min

lus| <

Ve

(2 llud

1

Ue| + —

el + =
JITEL,

Jul < Jue] + Jug] <

1
;(f“( x) + |y | + 1K el) + 2uc| <

1
+ a(f“(x) +ly + K Te])] <

@) + [y + K el), p > 1,

1<fu<x> Ty

2V 2V .
(A . )2 )Mf+|ym\+IIKII(A —)?].

5.2 WS 43 Bt (Convergence analysis)
BB 4 1% RGN PR ER R ZEe il B /D I8 T i
FEw A S, aFbZH AL

t 9 < b t 9
fo le(7)|dr < a+ fo |w(T)]*dT.
ik

2
W)+ K el) + 2 [M (Jym|+

. 1
V= —feTQe + eT Pb.w — €' Pb.g(x)us +

Iid e P, x (ﬁ’)@i‘jqﬁx +

Mh

<.

o Tpi
[ &le" Ph, x (GNP
Lo 041>

(0F) " 05 _
7’9 |2 T +

02\ 9! o
1oLt Py, x ) O
11 |07, |2
(egl)nglqgluC _

102l?

4M: i

<
Il
~

Iidi €T Pb, x

~.

-Mz i

o
ST
=

NI~ N = = N
Mm

Ji P e Pb, x

@
Il
—

e R4 [X ) Type-2 T-SIA)4% E 1E DR 47 i 1565

i \Tni i

LSt giaerph, x ) Vatate

2T 6512

1R (0,)" 0%, qkuc

- Jz@z TPbC T grigr =

21:2:1 2 gre X |0 ‘2

1 M 07.)709 ¢ u.

- Z Jg@éreTPbC X ( gr) .grqgr —

2 =" [

1z ) o
5 ;H{eTPbcqéluc@glw +
1 M , S
- Y Hie"Pb.gu. Pz +
2T g g
1 & ot i i
§;H2e Pb.qy, u.P,, T +
1 M
2,4
Herpe 2500 T 5 1R PR DU LN, I, =
O(EL DI = 0(EL1), %ﬁ(&)* ()25 1 (B R 2) Pl iy
DLHRBLIN, JE = 0GRS = 0(Ek1), i—'lﬁ(ﬂ_)qj
()25 1) MG B IR, HY = 0(ER1)HIH]
0(Ek1), XHE =1,2.
IRAEUE B 20(23) & T R IE 1.
VRN WHRT = 0, 858 ¥R 07, AT =
1, XEMAE 0| = M;, et Pb.qi0ix < 0, A
Py(0y)" = (9i —05)(05)" =
5105~ 050"
)(00)" — 05 +05) =
( —05)((05)" — 05" +67)
§[|l9§1||2 + 1165 — 057 11> — 165 [I°]-

BEAROA] = M > (10|l W24 (05)" > 0, B
ST TR AEER. [P, WA &L, I, JiA
J{ (KI5 S IE 1.

%E*&%Eﬁ(zn, HH] = 1, MU, FoA ik,
Hbi = —¢, Wbl < —e, MITI(bE, — b3 )y < 0, HEIM
z <0, %ET%HeTPqugluc 0. FtHie Pb,
0. AU T2 FY, HEANH (5504 1
JEIER, WV < —%eTQe—l—eTPwa—eTPng(x)us,
Hg(x) > e, \fLAf3F]e” Pb.g(x)us > 0.

Pt

. 1
V< —§eTQe +e'Pbw <

Hje" Pb.gl,u. P! T, (23)

gl
P
qgluc@glw

)\ min ~ 1 1
—%]6]2 + 5| Pbewf? -
1
§[|e|2 — 2e" Pb.w + | Pb.w|?] <
)\ min ~ 1 1
—SE— el + 5 Phw, 24

FHAQ min QI SR /INRFIEAE AR, Xt 324 (1 Py 3 2
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5 N H 28

1T5FD/\ }JFE-,fFXuAQ min ]-a ﬁ:

[y e Par < (V) + V(o))+

1 2 t 2
mwbc’ jo w(T)["dT.

NN 2
EXa = ——[|V(0)| 4+ sup |[V(¢)|]Hb =
AQmin — 1 t>0
— 2, =024 A2
)\Qmin -1
j le(7)[2dr < a+bf w(r)dr. (25

S WHw € L, anjo w()|2dr < oo, M)
lim le(t)| = 0.

UE Ffw € Lo, M5 %le € Ly, CV&IF
Q7 A B R & A S S, WHe € L.
HBarbalat 5|3, ¥7é € Ly N L., He € L., N

lim e(t)] = 0.
6 15 E5Z 41 (Simulation)
A AR 1 ) 2, LB TR R

Ty = T,
mlx3 cos x; sin x;

sinz, —
9 ! me +m
4  mecos®z
I3 -
me+m

CoS X1

jfg: +

me +m u
l(% B mcoszarl) ’
3 me. +m
He: g =98m/s?, me = 1kg,m = 0.1kg, | =
0.5m. |f(x1,22)] < 15.7840.036623 = fU (1, x2).

WK | x| < 7/6, W
112 < gr (21, 72) < [g(z1,22)| <
9" (x1,29) < 1.46.
TS G5 Nyw(t) =
o) = (1,2)0 — s (10,16},
HATP + PA. = —Qulfi i

b (15 5) |
55
BT Amin (P) = 2.93, [V = 0.267, M; = 16,
My = 1.6, = 0.7, M L ul 2T AR AT
B R4 f (x) BH T 41555 X (] Type-2 T-SHE R #i
DU Jil:
Ri: ¥y i AL Hay AL, N

< 180. ;LK™ =

f(x) = ap + ajz; + abas,

Horpr AL AN IR 1] By o R X F) Type-2 45

BItE, i =1,2,--- .5, al W R E, k=0,1,2.
B 2R Gig(x) T #1555 X [A] Type-2 T-SHR K
DA il

R Hixy /2 Bt Hay it BY,
G(x) = b} + biz) + bhas,
Herfi: BY, By W& R A 1) By, F (X 1] Ty pe- 245
*éﬁs.%,z':l LB, bR REL k= 0,1,2. JLAL

=Bi A, = B’,,ﬁi):f” PR :
par (1) = exp[—((z1 + ~ )/51)]

§>/6f) )

(21 = 13)/0D)°),
(a1 — 5)/87)7),
)

MA2(x2 - 'U’Bz (1‘2 = exp[—(:r2/52)2],
61,0, € /A8, w/24], i=1,--- 5.
W B & A P
50
=T} = 50 :
50
1
ngl = ngr = 1 ,
1
51 1 i T i
alO = _§Tﬂ06 Pbcqﬂ =
) 15 5 0
—Z1 )
— 25 P
(—w) (5 5) <1> fn
50 L 1 i
ay = —iTﬂke Pb.ghxi, =
) 15 5 0
—I1 )
—25 i
50 1 i T i
o = _inrOe Pchfr =
) 15 5 0
—I .
— 25 i
50 L 1 i
ark = _§Tfrke Pbcqfrxk‘ =

T
—z) (15 5) (0) .
— 25 ;

. 1
blO = _2 gl

(=) (15 5) (o) .
2\ —a, 5 5)\ 1) %%

o€ PbcqgluC =



e R4 [X ) Type-2 T-SIA)4% E 1E DR 47 i 1567

511
.. 1 . i
by = —§TélkeTPbcqg1:rkuc =
T
R 15 5 0 .
9 2y 5 5 1 qgl ke,
i I, i
by, = —5Te0€ Pbqgu. =
T
R 4! 15 5 0 »
2\ —2,) \ 5 5)\1) %"
14 1 7 T 7
bl‘k = _ngrke Pqugrxk)uC —

T
(=) (155 (o) .
2 — Ty 5 5 1 qgr ke,

o g = by ¢ = o &0 = (41508, 5 qR),
éfr = (Qf1r7ql°2ra tee ,Q?r)ﬂfﬂ = €glv gfr = ggrv %ﬂéﬁ
If] .

BRI 41 Jix(0) = (0.05,0.08)" B, R GcH
tay (6) My (6) B B TR 2T 7R, HIA SO
H ¥ Type-2 T-SASHI [ 38 R 2 il 7 Y00 9 T 45 37 4%
(R348 1) S, [ I 5 Type-1 T-S RO [ 365 17 42 1) 12
FEAR, HH B AT 120 L, AR SO H I 7 v 25 ST B A
FType-1 T-STji£.

0.06 T T T T T T T T T
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Fig. 2 Output of Type-1 z2 & Type-2 x2

Type-215 K 78 42 16 b 21K 50 5B 3, I 5 g
AN, 5Type- 18500 R 48 L. 4 4n: xH
(1 & random(0))x 54X, EI3H 4L 7= 78 L 8 Fl
HIEN T, Type- 1BERI R Gifin thay (¢) Flay (¢) L
Le . EsATEl 6 R R e L s MA SN T, Type-
QAN 2R G oy (8) Al () MBI LE L, W] LA
R AR R J0 S B, IR 25 55 ) L, Type-
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