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New scheme of adaptive fuzzy control
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Abstract: According to a normal form of nonlinear system, a new nonlinear adaptive fuzzy controller is proposed based
on Li-Xin Wang’s adaptive fuzzy system. The supervisory controller is replaced by the direct controller. The stability
of the close-loop system is then proved with Lyapunov theory when the stability requirement is relaxed. The range of
direct controller is also given, eliminating the intensive fluctuation in controll caused by the supervisory controller. Finally,
the simulation results of a first order and a second order systems are given to show that the new controller speeds up the
dynamic response and improves the other dynamic characteristics.
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1 ÚÚÚóóó(Introduction)
Cc5, 3��5��XÚ���¥, �
�

{�A^�5�É�'5, ¿���
éõ�¤
J[1∼3]. �Ù¥éõ©zÑ´±®���é��.
�Ä:�,ù  �¢S�A^�5(J.Li-Xin
WangÆ¬[3∼4]JÑ
�«ÃI°(��é��.�

½��
��ì,Ó��Ñ
�@����
�
�±9�
½5y²nØ,ù��
��nØ�
uÐm8
�¡#�U/.
ÏL©ÛWang���5�
��ì����3

�
Øv, X, iÒ��ì�Ú\¦�XÚ���
�k�UC��~�,ù¬éXÚ��1Å�E¤
�ÀÂ;4�XÚì?½�^���`��Ø
�ω (t)²��È,ùéJý�;±9�
��ì�ë
ê�7¬Âñ��`�.éõ�©z[5∼10]Ñ±d�

Ä:,ÏLU?½\\C(��Ù¦���{,éd
?1U?,3åã3�yXÚ½�cJe,)ûù


¯K.
�©±©z[3,4]�O��
��ì�Ä:,JÑ


�«�
g·A���#�Y,3�KiÒ��
��, ÏLÚ\k.�����ì, ~���þ�
ì�Cz, Ó��±UõXÚ�Ä�5U, ¿|^
Lyapunov½ny²4�XÚ�½5, Ó��±y
²XÚ�Ø�ì?Âñ�".

2 ���


������XXXÚÚÚ���OOO(Design the fuzzy con-
trol system)
�ÄXe/ª�n���5XÚ{

x(n) = f(x) + bu,

y = x.
(1)

ª¥: x = (x1, x2, · · · , xn) = (x, ẋ, · · · , x(n−1))T ∈
Rn�XÚ�G��þ,¿b�Ù�ÿ½�O�, f�

�����ëY¼ê, b������~ê¿�b >

0, u ∈ RÚy ∈ R©O�XÚ�Ñ\ÚÑÑ.ù´�
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«IO/ª,Nõ~����5XÚÑ�±=��
d«/ª. ���8I´�O����ìu(x|θ)±
9�Nëê�þθ�g·AÆ, ¦�XÚÑÑy U


�ln�ÑÑym,Ù¥ym9Ù�ê´®��k.

�. e¡UìWang�g´k�Ñ�
'Xª.
�e = (e, ė, · · · , e(n−1))T,Kn���Æ�

u∗ =
1
b

[−f(x) + y(n)
m + kTe

]
. (2)

Ù¥k = (kn, · · · , k1)T ∈ Rn¦�õ�ªsn +
k1s

n−1 + · · · + kn�¤k�Ñ3E²¡���m

²¡þ. òu∗�\ª(1)��
en + k1e

(n−1) + · · ·+ kne = 0, (3)

=���8I lim
t→∞

e (t) = 0, �këê��, ¤±

u∗Ã{¢y,I��O���
��ì5�Où�
�`��Æ.

Wang��{����Æu:

u = uf (x|θ) + us(x). (4)

Ù¥: uf (x|θ)��
��ì, θ��N�g·AÆ,
us(x)�iÒ��ì.
�æ^¦ÈínÅ!ü��
ì9¥%²þ)

�
ì��
XÚ�±L«�

uf (x|θ) =

M∑
l=1

ȳl(
n∏

i=1

µAl
i
(xi))

M∑
l=1

(
n∏

i=1

µAl
i
(xi))

= θTξ(x). (5)

ª¥: θ = (ȳ1,· · ·, ȳM)T�g·AÆ, ξ(x) = (ξ1(x),
· · · , ξM(x))T,Ù¥ξj(x)��
Ä¼ê,½Â�

ξj(x) =

n∏
i=1

µAj
i
(xi)

M∑
l=1

(
n∏

i=1

µAl
i
(xi))

, (6)

θ̇ =





γeTpnξ(x) if (|θ| < Mθ) or

(|θ| = Mθ and eTpnθTξ(x) 6 0),

γeTpnξ(x)− γeTpn

θθTξ(x)
|θ|2

if (|θ| = Mθ and eTpnθTξ(x) > 0).
(7)

iÒ��ì�/ª�

us=

I∗sgn(eTPbc)
[
|uf |+ 1

bL

(fU +|y(n)
m |+|kTe|)

]
.

(8)

Ù¥: P�Lyapunov�½é¡
, pn�P����

�, bc = (0, · · · , 0, b)T,0 < bL 6 b. �Ve >

V̄�I∗ = 1; �Ve 6 V̄�I∗ = 0, Ù¥V̄���½

þ. ¿b�

Ve =
1
2
eTPe. (9)

½Â���OØ��

ω = u∗ − uf . (10)

Ù¥�`ëê�þ

θ∗ = arg min
|θ|6Mθ

[
sup

|x|6Mx

|uc(x|θ)− u∗|
]

. (11)

3 ������������ììì������OOO(Design the direct con-
troller)
d©z[6]�±��Xe½n:
½½½nnn 1 éu��/Xª(1)���5é�, �

�Æu = uf (x|θ)dª(5)�Ñ, θdg·AÆª(7)5
N!. eω ∈ L2,K lim

t→∞
|e(t)| = 0.

½½½nnn 2 éu��/Xª(1)���5é�, �
�Æu = uf (x|θ)dª(5)�Ñ, θdg·AÆª(7)5
N!. e lim

t→∞
ω(t) = 0,K lim

t→∞
|e(t)| = 0.

Ïd, ©z[3,4]�Ñ�iÒ��Æus(Xª(9)¤
«)éª(1)���5XÚ��l�Ý±9XÚØ�
Cz���Uåk�, ùÌ��ûuθ(0)Úθ̇�

ÀJ, l��XÚ�N��m�U¬é�. ©
z[6]¤�O�Ö����{k�½�Û�5,Ì�
´du��lé��Ø(½5,��Ã{�äu∗(t)
�u∗(t− 1)�m��é'X,Ã{A^.
�
��¤�¦���8I, �©ëì©z[6]

�O��Æ�

u = uf (x|θ) + ud. (12)

Ù¥: �
��ìuf (x|θ)±9g·AÆθ�/ªX

ª(5)(7), ud�����ì.
3éXÚ�½5©Û¥,À^Xe�Lyapunov

¼ê:

V =
1
2
eTPe +

b

2γ
φTφ, (13)

KV��ê�

V̇ 6 −1
2
eTQe + eTPbcω. (14)

�V̇ 6 0�,4�XÚ½,�∀ε > 0, ∃t0,�t >

t0�÷v

|ω| 6 λQ minε
2

2|eTPbc| 6 λQ min|e|2
2|eTPbc| . (15)
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ª¥λQ min��½
Q���A��.d�k

V̇ = −1
2
eTQe + eTPbcω − eTPbcud 6

−1
2
λQ min|e|2 + eTPbc

λQ min|e|2
2|eTPbc|e

TPbud.

(16)

���yeTPbcud > 0,ÒkV̇ 6 0,=¦e(t)P~.
òª(10)�\ª(15),�

|u∗ − uf | 6 λQ min|e|2
2|eTPbc| . (17)

dª(1)(2)Ú(12)��

|1
b
[e(n) + kTe] + ud| 6 λQ min|e|2

2|eTPbc| . (18)

Ïd�±��ud���

max{λQ min|e|2
2|eTPbc| − |

1
b
[e(n) + kTe]|, 0} 6

|ud| 6 λQ min|e|2
2|eTPbc| + |1

b
[e(n) + kTe]|. (19)

ª(8)¥�Ñ�iÒ��ì´3XÚªuØ½�
â?1ó�,�õ�¹e,Ñ�kg·A�
��ì
å�^, ù¬��XÚÄ�±9�5UØZ. Ï
d,3ud��O¥I�ÄXÚ�Ø�±9Ø���

ê,d	,¿����Ä�
��ì��^,Ó�d
uuf�±�yXÚ½,=ud�K�§Ý´Cz�.
Ïd,�ÄéXÚØ�æ^FÝÏ`�{,éudæ^

CÚ��{,�Äª(18)¿(Ü�ý(J,�ÑiÒ
��ìud�/ª�

ud = sgn(eTPbc)α|λQ min

2bL

(kTe−
sgn(kTe)he(n))− uf |. (20)

ª¥: h��m~ê, 0 6 α 6 1�N!Xê.3¢S
�ý�,�éudæ^CÚ��{N�α,¿��â¢
S�¹éud�?�Ú?�.

4 ���ýýýïïïÄÄÄ(Simulation)
æ^�©JÑ��{é����Ø½��5

XÚ±9����·bXÚ?1�ýïÄ,¿éX
Ú�Ä��A5U?1©Û.
4.1 ������ØØØ½½½������555XXXÚÚÚ(First order unstable

system)
�Ä����5XÚ

ẋ (t) =
1− e−x(t)

1 + e−x(t)
+ u (t) , x (0) = 1. (21)

��8I´òG�x (t)N!�":, =ym =
0.w,3vk���^�, �x > 0, kẋ > 0; 

�x < 0,kẋ < 0,XÚØ½.
3�ý¥, Àγ = 1, Q = 10, k = 1, d

Lyapunov�§)ÑP = 5.3[–3,3]þ½Â6��

8Ü,Xã1¤«,äá¼ê©O�

µ1 =
1

1 + exp (5 (x + 2))
,

µ2 = exp
(
− (x + 1.5)2

)
,

µ3 = exp
(
− (x + 0.5)2

)
,

µ4 = exp
(
− (x− 0.5)2

)
,

µ5 = exp
(
− (x− 1.5)2

)
,

µ6 =
1

1 + exp (−5 (x− 2))
.

ã 1 3G��mþ�äá¼ê

Fig. 1 Membership functions of the fuzzy controller

b�Ø�3?Û�
��5K, �Ð©ë

êθ̄(0)3«m[–2,2]þ�ÅÀ�, K�ý(J�ã2.

Ù¥J��Wang�O��
��ì�O�(J,¢

��æ^�©��{�O��
��ì��ý(

J.é²w,�©��{=^0.4 sÒ�±Ã��/�

�½,'Wang��{¯
16�,��Ã�.

ã 2 ��Ø½XÚ��ý(J

Fig. 2 Simulation result of first order unstable system
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4.2 ���¥¥¥rrr½½½������XXXÚÚÚ(Duffing forced oscillation
system)
�ÄXe�¥r½��XÚ{

ẋ1 = x2,

ẋ2 = −0.1x2 − x3
1 + 12 cos t + u(t).

(22)

XJ��u(t)�",KXÚ´��·bXÚ.Ð©^
��x1(0) = x2(0) = 2,ÏL��ì5��XÚG
�x1±�lë�;,ym(t) = sin t, 3�²¡þù
^;,´ü �y2

m + ẏ2
m = 1.

3�ý¥, ÀJk1 = 2, k2 = 1, γ = 2, Q =
diag(10, 10), bL = 0.5, Mθ = 30, Mx = 10, fU =
12 + |x1|3, �ý�m�t0 = 0, tf = 60, Ú�
�0.02 s,�
��ì¥äá¼ê�À�Xã1.

(a)

(b)

(c)

ã 3 æ^Wang�
��ì��ý(J

Fig. 3 Simulation result with Wang’s fuzzy controller

ã3Úã4�©Oæ^WangÚ�©JÑ��

��ì�ý(J. ã(a)¥J��Ï"�ym, ¢�
�G�x1(t), ã(b)�3�²¡þ3�²¡þG
�(x1, x2)�;,, ã(c)�Ø��e(t). �
é'
ùü«�{,L1�Ñ
Ø���
ÚOêâ.

(a)

(b)

(c)
ã 4 æ^�©JÑ��
��ì��ý(J

Fig. 4 Simulation result with my fuzzy controller

L 1 ü«�{Ø��ÚOêâ
Table 1 Error statistics of two strategies

��� ��� ²þ� IO��

Wang�{ –2.584 2.588 –0.04406 0.6149
�©�{ –2.378 2.406 –0.04173 0.5265

ÏL'�,é²wwÑ,3XÚ¥\\����
�ìud�,�¥XÚ360 s�®²�C½,¿�N
���Ý�'Wang��{¯éõ,Ó�~�
�
Ø�.
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5 (((ØØØ(Conclusion)
3WangïÄ¤J�Ä:þ, �©JÑ
�«#

��
g·A��ì,§E,Ø�¦®�°(��
�5K,¿U�yXÚ�Û½.3©¥�[�Ñ

����ìud��O�{9Ùþe.,±(�Ùk
�5. e¦^CÚ��{,��ì�äk�Ð�·A
5. ud��O3(�þnÜ�Ä
Ø�ÚØ�Cz

ª³,ÏdXÚäk�¯�Âñ�Ý.©¥æ^þã
ü«�
���{é��Ø½XÚ±9�¥r½

��XÚ?1�ý,���©JÑ��{�±²w
UõXÚ�6�!�5U, ùéu��XÚcÙ
²w.
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