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Adaptive fuzzy logic campensation control for nonlinear
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Abstractt A newv schane of adgptive fuzzy logic compensation control is proposed for a class of nonlinear
discrete-time systans The oontrol lav is constituted of two parts Tracking lav and compensation lav for
goproximation errors The fuzzy logic system isused to compensate adgptively the paraneter variations and outside
disturbance A nd the fuzzy slidemode control lav is used to compensate the approximation errorsof the fuzzy logic
system. The proposed control lav can guarantee the system uniformly ultimately bounded Smulation results of
lunar rover steering dynamic systen show the effectivenessof the proposed goproach
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20
P(z) = 2"+ Piz" ' + + P
(FLS) (Schur ). :
u(k) = ur (k) + uc(k). (3
[8] ur (k) = [yc(k+ 1) - f(x(k)) -
A(k) - PE(K)1/g(x(K)); (4)
’ EkK 2 ek ek en(k) ] =
2 Cfek- n+ 1) ek- n+ 2 e(k) 1",
SISO A (K) A(K)
xilk+ 1) = xis1(k), i= 1,2, ,n- 1 e (K)
xn(k+ 1) =
[f (x(k) + & (x(k)]+ (1) (3) (4
[g(x (k) + &g (x(k))Ju(k) + d(k);
y (k) = xa (k). E(k+ 1) = AE(K) + H[(A(K) -
AK) - g(xK)u®]  (5)
x (k) = [x1(k) xz(k) xn(k)]" =
[x(k- n+ 1) x(k- n+ 2 x(kK)]" R ) 1 0 0
u (k) R,y (k) R 0 0 1 0
d (k) f(x(k)  g(x(k)) A= : t L
p O (x(k) a(x(k)) 0 0 0 1
: - b= Do - pl
A(x(k),u(k)) & [0
a(x(k) + &(xKk))u(k) + d(k), :
A(x(k),u(k)) H=1 ].
,u (k) x (k) 0
: , A(x(k),u(k)) L 1l
A(x(k)), A (k). ()
2 , x (k)
y (k) A(x (k)).
yr(k), e(k) = yr(k) - y (k) 3, FLS
0

1 f(x®), gxk), & k)

& (x (k) . o x (k)
0< g < |gx®)) |;
2 Alxk)) L2R", AKx(k) R"
3 x (k)
e(k+ 1) = e:1(k), i= 1,2, ,n- 1
e(k+ 1) = yr(k+ 1) - f(x(k)) - (2
g(x(k)u(k) - Ak).
3
,0= [pn pn-l pl]T,

Rj: If x1isAand x2 isA?and
and x» isA{, Then A(x) isB,
AfBj(k= 1,2, ,n j=12 ,N) R
,N

[1]
A (K) [600) =
Y 80 (x00) = G PG (®
82 [6 &

P(X) 2 [p:(x)
p; (x)

G

p2(x) px () 17,
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" Ok+ 1) =
60 = EL;‘”‘“’ | - S P X K){(0+ DHTE®K+ 1) +
3 [Hmk(xk)] g (x()uc ()] + STEK)}, (130)
1 keh STA (o+ 1P+ C.
A(x (k) |8(k)) d (k)
e ()
o= . A ()
argmin[ sup |A(x (k) [B8(k)) - A(x(K)) |1,
Q™M .
Ax(K) 8 - Ax(K) |8) = WP(x(k), W= 6- ,
6. = AKM[6)- AK®K), e (). e ()
la® |< &<+ o. :
wk) &2 FKPxK) vk 2 ak) -
g (x (k)) uc (k), (5) :
E(k+ 1) = AE(K) + H (wk) + v(k)). (8) s(k) = AE (K),
A= [M1 A2 17",
(8], s(k)= 0
1 : 0}
Ek+ 1) = AE(K) + Hu(k), (9 ue (k) = aur (k), (14)
A H ) A a> 0 s(k) /P
Schur : ur (k) :
R.Q nx 1 c o> 0,¥ L (s/® = {NB,NM ,NS,ZE, PS, AV , PB} =
> 0, : {AN,' |j:»3,»2, .3},
{ATRA' R+Q ARH-C C J L (u) = {NB,NM ,NS,ZE, PS,AV , PB} =
H'RA- C' H'RH- 20 o+ 1/< Q B - s 2 3
c’ o+ 1 -1/ s /P ur k)
- (10) R;: If s/PisA;, Thenur isBs i, j= 1, ,7
8], «
(10)
ARA- R+ Q ARH- C C :
H'RA- C' H'RH - 20 o+ %Jz 6= (/3 I (15
c’ o+ 1 - 1/ ' '
X h (0,1), h= Q75
- {Y;] [X Y z], (12)
7T max-min M amdani
X,Y,Z nx nnx 1,nx 1
AN'RA- R+ Q=- XX, (12a)
ATRH - C=- XTY' (12b) r3/2 Ur Us (Uf)de
c=- X'z, (12c) ur (k) =d=55 , (16)
H'RH - 20=- Y'Y, (12d) gt (ur) dur
o+ 1=- ZY, (12€) s (ur) us
1/¥=2"2 (12f) -
(6) LS, : s |2 P L urk) = -

Ok + 1) = O(k) + Ok + 1), (13a)

sgn (s(k)).
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4 w(k) . , (k) = W (k)P (k).
1 (1) P (k) , P (k) W0
(3,4, (149 (16) <o T PKI,0 (0,1)

(6) kY . O
A(x(k)), 5

(13), E

LY

P(x(k) Pk,
g(x(k) g(k). L yapunov
vV (k) = ET(KRE (k) + ¥ (k) W(k) /Y, (17)

AV (K =Vk+ 1)- V(K=
E'(k) (A'RA- R)E (k) +
2ET (k) A'TRH w(k) + 2H 'RAE (k)v (k) +
2H'RH w(k)v (k) + H'RH «f (k) +
H'RHV(k) + [2¥ (k) S(k + 1) +
Ok+ 1ok+ 1)1/Y
s’ (13b), (12)
P (k)P (k) < 1,

AV (k) <
- ET(K)QE (k) + 27 (k) E (K) -
2[wk) - B(k)/2]°+ BK)/2+
v (k) + Y(o+ 1)%& (k).
: Fon R nx n bl 2 Y(o+
DC"+ HRA,: 2 Y(o+ 1?- (0+ 1) + rm,
(k) 2 blak) - HRAgKuU(K), K £

o€ (k) - rang (K) uc (k).
ck) 2 B(K)/2+ ravi(k) + Y(o+
1)%a (k), &(k) g (k)uc(k)
AV (k) <
- Al EQ)N 7+ 2T (K)E (K) +
c(k) - 2[wk) - ®(k)/2]% (18)
Anin Q . , g (k)
& (k)
luc®) | < a , 1K), 2k)  c(k)
Tu, Tw, Q. (18)
AV (k) <
- A EGN - Tw/Ain)?+ (/A + ).
, TEWI > 4 B+ A +
Tw) /Anin AV (K)< Q E(K)
|w(k) | >
«/ (T + Ain@) 2Mnin + T /2 AV (k) < Q

xi(k+ 1) = f1(x(k)) + gwu(k) + d(k),
x2(k+ 1) = f2(x(k)) + gau(k),

y (k) = x1(k).
fi(x(k)) =

2KsnFnm 2KsnFnmln

M oVr Snave BUO movd :ﬂ(&(k)+
2ksi Ent

[d - arc tan[B(k) + \Il“‘sz(k) ] +

m oVRr
ﬁ[am tan[— BKk) + ;I;w:(k)ﬁ T,
f2(x(k)) =

Zlm.KSm.EN.mZJ.[i_Kiu.ENm

Bk) + w (k) +

Iz

M@[é - arc tan[ﬁ(k) + ;‘;(& (k) ] -

A‘Ki&m[arc tan[— Bk) + ;“;wz(k)h T,

g1= - 2ksiFneT/Movr), g2 = 2liksiFn T /17,
x(k) = [xi(k) xz2()]"= [Bk) k)]
Ju(k) = 6 (k) T
k= 1L=Q07m, In=0Q1m, mo=
60 kg, lz= 9 65kg*m? Fni= Fym= 26N,Fn,=
48N, kst = ksn = ksr= 8,ve= Q 4ms *

(1)
2 1
fi,f2,01,02
xi(k+ 1) =
fa[xi(k),fa(xa(k- 1),x2(k- 1)) +

D]+ gw(k) + Ak).
[Xl(k+ 1)

gau(k -
Z= [z1 z2]"= x1(k) 1",

Xz(k)

B : y (k)
yr(k) = Q
p= [Q 01

- qo1]",A= [Q 4 1]
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2
tii(x) = 1/{1+ exp(80(xi+ Q 25))}, )
wri(x) = exp(- ((xi+ 02/01)7, ; ;3
wi(xi) = exp(- ((xi+ Q1)/01)7%,
it (xi) = exp(- xi/Q 1)?), '
w5 (x) = exp(- ((xi- 01/ 17,
wi(x) = ep(- ((xi- 02/0a1)?, 6
hi(xi) = 1/{1+ exp(- 80(xi- Q 25))}.
Q=11 0 0 1], (10) LM | ’
_[47905 - 00383}
"= 1. qosss smnr1l’ ,
[- Q 0878}
C= ,
Q 048 6
o= 8 9406, Y= - 14 3209 '
y d(sf = &Sm = &Sr =
4, d = (1m/180) cos(2 2m). ,
1 3 , 1
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