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�«äkg·A5Ú°�5��ü��Æ,¢y
é¹kXÚØ(½5�a Rossler XÚ���.ÄkÏ
L�Å ²�äE£XÚ���5Ü©, òXÚ=z�¹k(�Ø(½5ÚëêØ(½5�ëêz�.; ,�, é
uXÚ¥�ëêØ(½5,�Og·A��Æ, 3��O��ëê; éuXÚ¥�(�Ø(½5,�O°���Æ,

¦�XÚäk°�5. ��,ÏL�ý¢y, �y
±þ���{�k�5.
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1 Ú ó

�"�5z��Ú�ü��¿¡���5�
�ì�O�ü�â» [1−7]. �ü���Ä�g�´
ÏL4í�O�X�fXÚ��"��Æ, �ª¢
y��XÚ�	½½�l. �XÚ¥¹këêØ(
½5�, ÏLÚ\ëêg·AÅ�, 3��O��
ëê, �¤g·A�ü��, ��y��XÚ�
½5Úé��ëê�g·A5 [2−4]. �E,�´X
Ú¥��5Ü©����¹, du�ü��I�-
�XÚ���5Ü©, ÏdIéXÚ���5Ü©
?1E£. �Ä� ²�ä`û�%CUå, Äu
 ²�ä [4−6] Ú�
 ²�ä [7,8] �g·A�ü
���JÑ. �ÅC�� ²�änØ�(Ü/¤
��Å ²�ä [9−11] ��^uXÚ�E£, ?
<�JÑ
Äu�Å ²�ä [12−14] �g·A�
ü��.

C��c5, ·bÏÙã��A^cµ-å

Nõó§Eâ;[�4�,�. du·b$Ääk
Ð�¯a5Ú��muÐª³�Ø�ýÿ5, ·b
��Ò¤�·bA^�'��!. g 1990 c Ott �

uL1��·b���mM5©Ù±5, ·b��
ïÄuÐ×�, Nõ���{�)�«�U���
{�A^�·b��¥ [4−16]. ©z [16] æ^
Ä
u T-S �
�.����{,¢y
é·bXÚ�
��. ,, 3Äu T-S �
�.����{¥, �
��¦XÚ��.´®��, �XÚ¥¹kØ(½
5�, ù«�{Ò¬��.

�©òÄu�Å ²�ä�g·A�ü�
��{A^u¹kXÚØ(½5�a Rossler X
Ú [17] ���.ÄkÏL�Å ²�äE£, òXÚ
=z�¹k(�Ø(½5ÚëêØ(½5�ëê
z�., ,�2�OXÚ���Æ. éuXÚ¥�
ëêØ(½5, �Og·A��Æ, 3��O��
ëê; éuXÚ¥�(�Ø(½5, �O°���
Æ,¦�XÚäk°�5. ��ÏL�ý¢y, �y

±þ���{�k�5.

2 ¯K£ã

�©ïÄé��Xea Rossler XÚ:

ẋ = −y − z,
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† E-mail: miaozhiqiang33@126.com

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

030503-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 3 (2012) 030503

ẏ = x + ay,

ż = f(x, y, z). (1)

\\��&Ò�, ÏLCþ��: x2 = x, x1 =

y, x3 = −z, òÙU��Xe�d�äkn�.(
��î��"/ª:

ẋ1 = x2 + ax1,

ẋ2 = x3 − x1,

ẋ3 = u + f(x),

y = x1, (2)

Ù¥: x = (x1, x2, x3)T �G�Cþ, u �XÚ��
�Ñ\, y �XÚ�ÑÑ; ëê a ®�, f(x) ���
���5¼ê. ��8I��lë�ÑÑ yr(t). ·
�b½ë�ÑÑ yr(t) 9Ù��n��êþk..

3 n��ü��ì��O

·�b½ f(x) �®�, Kn���ü��ì
��OÚ½Xe.

ÚÚÚ½½½ 1 �Ä x1 �fXÚ, ½Â�lØ�:

z1 = x1 − yr, (3)

ò ẋ1 = x2 + ax1 �\�:

ż1 = ẋ1 − ẏr = x2 + ax1 − ẏr. (4)

½ÂfXÚ z1 � Lyapnov ¼ê:

V1 =
1
2
z2
1 , (5)

V̇1 = z1ż1 = z1(x2 + ax1 − ẏr). (6)

e·�ò x2 w�J[��þ, K�"��Æ�À
�

x2d = −τ1z1 − ax1 + ẏr, (7)

þª¥ τ1 > 0 , d�:

V̇1 = −τ1z
2
1 + z1(x2 − x2d).

, x2 ¿�¢S���Ñ\, Ïd, e�Ú��O
A¦ x2 � x2d �m�Ø�¦�U/�.

ÚÚÚ½½½ 2 ½ÂØ�:

z2 = x2 − x2d, (8)

ò ẋ2 = x3 − x1 �\�:

ż2 = ẋ2 − ẋ2d = x3 − x1 − ẋ2d. (9)

½Â (z1, z2) fXÚ� Lyapnov ¼ê:

V2 = V1 +
1
2
z2
2 , (10)

KÙ�ê�

V̇2 = −τ1z
2
1 + z1z2 + z2ż2

= −τ1z
2
1 + z2(z1 + x3 − x1 − ẋ2d). (11)

e·�ò x3 w�J[��þ, K�"��Æ�À
�

x3d = −z1 − τ2z2 + x1 + ẋ2d (12)

þª¥ τ2 > 0 , d�:

V̇2 = −τ1z
2
1 − τ2z

2
2 + z2(x3 − x3d). (13)

ÚÚÚ½½½ 3 ½ÂØ�:

z3 = x3 − x3d, (14)

ò ẋ3 = u + f(x1, x2, x3) �\�:

ż3 = ẋ3 − ẋ3d = u + f(x1, x2, x3) − ẋ3d. (15)

½Â (z1, z2, z3) fXÚ� Lyapnov ¼ê:

V3 = V2 +
1
2
z2
3 , (16)

KÙ�ê�

V̇3 = −τ1z
2
1 − τ2z

2
2 + z3(z2

+u + f(x1, x2, x3) − ẋ3d). (17)

d�, �n����ì u �

u = −z2 − τ3z3 − f(x1, x2, x3) + ẋ3d. (18)

þª¥ τ3 > 0 , d�:

V̇3 = −τ1z
2
1 − τ2z

2
2 − τ3z

2
3 < 0. (19)

�ªn���ì�L�ª� (18)ª,�OL§(å.

4 °�g·A�ü��ì��O

4.1 ���ÅÅÅ   ²²²���äää%%%CCC

du��5¼ê f(x) ��, Ïd·�Äkæ
^�Å ²�ä5%C f(x), òXÚz�ëêz�
.. �Å¼ê�»� mexihat �Å¼ê,��Å ²
�ä�Û¹��ê� N , K:

f(x) =
N∑

i=1

wT
i ψi(x,di, ci), (20)

ψi(x,di, ci) =
(
n − ‖diag(di)(x − ci)‖2

)
× exp

(
− 1

2
‖diag(di)

×(x − ci)‖2
)
, (21)

Ù¥: wi �ë���ëê, di = (di1, di2, di3), ci =

(ci1, ci2, ci3) © O � º Ý ëêÚ ² £ ëê, ψi

� � Å 1 ¼ê, n = 3 � XÚ� �ê. e P:

030503-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 3 (2012) 030503

w = (w1, w2, · · · , wN )T, d = (d1, d2, · · · , dN )T,

c = (c1, c2, · · · , cN )T, ψ = (ψ1, ψ2, · · · , ψN )T,

K (20)ª���Xe��;n�/ª:

f(x) = wTψ(x, d, c). (22)

�â�Å ²�ä�%CnØ, �3���Z%
C f∗(x),¦�:

f(x) = f∗(x) + ∆ = w∗Tx, d, cψ∗ + ∆

= w∗Tψ(x, d∗, c∗) + ∆, (23)

Ù¥ ∆ �%CØ�, w∗, d∗ Ú c∗ ��Z%Cëê.

,, �Zëê´J±��(½�,� ŵ, d̂ Ú ĉ �
éAëê��O�, ·�½Â���O¼ê:

f̂(x) = ŵTψ̂ = ŵTψ(x, d̂, ĉ), (24)

K�OØ��

f̃∆ = f − f̂ = f∗ − f̂ + ∆ = f̃ + ∆

= w∗Tψ∗ − ŵTψ̂ + ∆, (25)

Ù ¥: f̃ = f∗ − f̂ . ½ Â: ψ̃ = ψ∗ − ψ̂, w̃ =

w∗ − ŵ, d̃ = d∗ − d̂, c̃ = c∗ − ĉ, K:

f̃ = w̃Tψ̂ + w∗Tψ̃. (26)

u´dþª, ·�k:
∂f̃

∂w̃
= ψ̂, (27)

∂f̃

∂d̃
= diag(w∗)

∂ψ̃

∂d̃
= diag(w∗)

∂ψ̂

∂d̂
, (28)

∂f̃

∂c̃
= diag(w∗)

∂ψ̃

∂c̃
= diag(w∗)

∂ψ̂

∂ĉ
, (29)

Ù¥ ∂ψ̂/∂d̂ Ú ∂ψ̂/∂ĉ deª½Â:

∂ψ̂

∂d̂
=



∂ψ̂1

∂d̂1

∂ψ̂2

∂d̂2
...

∂ψ̂N

∂d̂N


=



∂ψ̂1

∂d̂11

∂ψ̂1

∂d̂12

∂ψ̂1

∂d̂13

∂ψ̂2

∂d̂21

∂ψ̂2

∂d̂22

∂ψ̂2

∂d̂23
...

...
...

∂ψ̂N

∂d̂N1

∂ψ̂N

∂d̂N2

∂ψ̂N

∂d̂N3


,

∂ψ̂

∂ĉ
=



∂ψ̂1

∂ĉ1

∂ψ̂2

∂ĉ2
...

∂ψ̂N

∂ĉN


=



∂ψ̂1

∂ĉ11

∂ψ̂1

∂ĉ12

∂ψ̂1

∂ĉ13

∂ψ̂2

∂ĉ21

∂ψ̂2

∂ĉ22

∂ψ̂2

∂ĉ23
...

...
...

∂ψ̂N

∂ĉN1

∂ψ̂N

∂ĉN2

∂ψ̂N

∂ĉN3


.(30)

·�é f(x) = w∗Tψ(x,d∗, c∗) + ∆, f̃∆ = f − f̂ ,

f̃ = f∗ − f̂ �Xeb�:

i) �Z%Cëê w∗, d∗ Ú c∗ k.; %CØ
� ∆ k., =

‖w∗‖ 6 wM , ‖d∗‖ 6 dM , ‖c∗‖

6 cM , ‖∆‖ 6 ∆M ; (31)

ii) �3~ê L > 0,¦�

|ε| =
∣∣∣∣f̃ −

(
w̃T ∂f̃

∂w̃
+ tr

(
d̃T ∂f̃

∂d̃

)
+tr

(
c̃T ∂f̃

∂c̃

))
+ ∆

∣∣∣∣ 6 L. (32)

`²: �L��B, �©¥ ‖ • ‖ �Ý
� F - �ê
½�þ� 2-�ê. ±þb�´Ün�.

é u b� i) e w∗ Ã ., = w∗ → ∞, K
� ψ∗ 6= 0 �, f(x) = w∗Tψ∗ + ∆ → ∞, �Ò
´`, éu?¿¦� ψ∗ Ø�"� x, f(x) þªu
Ã¡�, ùw,�¢S¥�Ü©¼ê�5�´Ø
�Î�. éu ∆ �k.5��aq/��. e d∗

½ c∗ Ã., �â�Å¼ê�5�, d� ψ∗ → 0,

∆ ≈ f(x), ùw,Ø´�Z%C.

éub� ii), Ï�:

|ε| =

∣∣∣∣∣f̃ −
(
w̃T ∂f̃

∂w̃

+tr
(
d̃T ∂f̃

∂d̃

)
+ tr

(
c̃T ∂f̃

∂c̃

))
+ ∆

∣∣∣∣∣
=

∣∣∣∣∣w̃Tψ̂ + w∗Tψ̃

−
(
w̃Tψ̂ + tr

(
d̃T diag(w∗)

∂ψ̂

∂d̂

)
+tr

(
c̃T diag(w∗)

∂ψ̂

∂ĉ

))
+ ∆

∣∣∣∣∣
=

∣∣∣∣∣w∗Tψ̃ − tr
(
d̃T diag(w∗)

∂ψ̂

∂d̂

)
− tr

(
c̃T diag(w∗)

∂ψ̂

∂ĉ

)
+ ∆

∣∣∣∣∣
6

∣∣∣w∗Tψ̃
∣∣∣ +

∣∣∣∣∣ tr
(
d̃T diag(w∗)

∂ψ̂

∂d̂

)∣∣∣∣∣
+

∣∣∣ tr
(
c̃T diag(w∗)

∂ψ̂

∂ĉ

)∣∣∣ + |∆|

6 ‖w∗‖
∥∥ψ̃

∥∥ + ‖w∗‖
∥∥d̃

∥∥∥∥∥∂ψ̂

∂d̂

∥∥∥
+‖w∗‖

∥∥c̃
∥∥∥∥∥∂ψ̂

∂ĉ

∥∥∥ + |∆|, (33)

‖d̃‖ = ‖d∗ − d̂‖ 6 ‖d∗‖ + ‖d̂‖,
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‖c̃‖ = ‖c∗ − ĉ‖ 6 ‖c∗‖ + ‖ĉ‖. (34)

��Å¼ê��»� mexihat �Å¼ê�, �Å¼
ê� Gauss ¼ê����ê, �Å¼ê9Ù���
êÑ´k.�. ��3�u"�~ê l1, l2, l3,¦�:

‖ψ̃‖ 6 l1,
∥∥∥∂ψ̂

∂d̂

∥∥∥ 6 l2,
∥∥∥∂ψ̂

∂ĉ

∥∥∥ 6 l3. (35)

(34) Ú (35)ª(Ü (31)ª, �\ (33)ª, �:

|ε| 6 wM (l1 + (dM + ‖d̂‖)l2
+(cM + ‖ĉ‖)l3) + ∆M = L. (36)

4.2 ������ììì������OOO

¢S���ìdg·A��ì ua Ú°���
ì ur üÜ©|¤:

u = ua + ur, (37)

ua = −z2 − τ3z3 − f̂(x) + ẋ3d, (38)

ur = −L̂ sign(z3). (39)

éA�ëêg·AÆ, ·�æ^ σ ?�5K:

˙̂w = Γ1

(
z3

∂f̃

∂w̃
− k1w̃

)
, (40)

˙̂
d = Γ2

(
z3

∂f̃

∂d̃
− k2d̃

)
, (41)

˙̂c = Γ3

(
z3

∂f̃

∂c̃
− k3c̃

)
, (42)

˙̂
L = kL(|z3| − k4L̂), (43)

Ù ¥: Γ1, Γ2, Γ3 � é ¡ � ½ Ý 
, kL >

0, k1, k2, k3, k4 > 0, ∂f̃/∂w̃, ∂f̃/∂d̃, ∂f̃/∂c̃

d (27)—(29) ª½Â. �XÚ��Ñ\&Ò9ë
êg·AÆd±þ (37)—(43)ª£ã�, ·�kX
e½n.

½½½nnn 4�XÚ¥Ø�Cþ9�ëêþ�ª�
�ìCk.; AÏ/, � k1, k2, k3, k4 = 0�, XÚ
Ø�ìCÂñu". äNy²L§�N¹.

5 �ý(J

� � � X Ú (2) ¥, ë ê a =

0.7, f(x1, x2, x3) = −0.1 sin(x1) − 3 tanh(x2) − x3

�, XÚ·bÑÑXã (1) Úã (2) ¤«. f ��
�, ·�I^�Å ²�äéÙ?1E£. �XÚ
ë�ÑÑ yr(t) = sin(t), ��ìÑ\ u(t) Xã (3)

¤«; K\\��&Ò�, XÚÑÑXã (4) ¤

«; ÑÑ y(t) �ë�ÑÑ yr(t) �m��lØ�&
Ò e (t) = y (t)− yr(t) Ø�&Ò e(t) = y(t)− yr(t)

Xã (5) ¤«;É�XÚ3��m x2 − x1 �ÑÑX
ã (6) ¤«. *	±e�ý(J��, ��ì¢y

éë�&Ò��l, �äk�Ð��l5U, ù�
:�dã (4) wÑ: 3Ø� 5 s S=¢y
éë�&
Ò��°(��l.

ã 1 ��cXÚG��müzã

ã 2 ��cXÚÑÑ y(t)

ã 3 ��ìÑ\ u(t)
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ã 4 É�XÚ�ÑÑ y(t) �ë�ÑÑ yr(t)

ã 5 �lØ�&Ò: e(t) = y(t) − yr(t)

ã 6 É�XÚ3��m x2-x1 �ÑÑ

6 ( Ø

�é¹kØ(½5�a Rossler XÚ, ·�3
�Å ²�äéXÚ���5Ü©?1E£�Ä
:þ, �O
���ü��ì. ��õê©z¥æ

^ü� ²�äE£ØÓ, �©æ^�´äk��
Û¹�� ²�ä, d��Å ²�ä¥�ºÝë
êÚ²£ëê´�3�N��. ù�, ��¡¦�
�ääk�r�%CUå; ,��¡��5
ºÝ
ëêÚ²£ëêg·AÆ��Où���(J�
¯K. �©3·��b�^�e, ¤õ/)û
ù
�¯K.ÏLî��êÆí�, y²
�©¤�O
���XÚ�½5. �ý(J�L², ��ìä
kûÐ��l5U.

N ¹

y² �E#� Lyapnov ¼ê�

V = V3 +
1

2
w̃TΓ−1

1 w̃ +
1

2
tr(d̃TΓ−1

2 d̃)

+
1

2
tr(c̃TΓ−1

3 c̃) +
1

2
k−1

L L̃2. (44)

Ù�ê�

V̇ = −τ1z
2
1 − τ2z

2
2 − τ3z

2
3 + z3(f − f̂ + ur)

+k−1
L L̃ ˙̃L + (w̃TΓ−1

1
˙̃w)

+ tr(d̃TΓ−1
2

˙̃
d) + tr(c̃TΓ−1

3
˙̃c)

= −τ1z
2
1 − τ2z

2
2 − τ3z

2
3 + z3(f̃ + ∆ − L̂ sign(z3))

−L̃(|z3| − k4L̂) − w̃T
((

z3
∂f̃

∂w̃
− k1ŵ

)
+tr

(
d̃T(

z3
∂f̃

∂d̃
− k2d̂

))
+tr

(
c̃T(

z3
∂f̃

∂c̃
− k3ĉ

)))
= −τ1z

2
1 − τ2z

2
2 − τ3z

2
3 + z3

(
f̃ − w̃T ∂f̃

∂w̃

− tr
(
d̃T ∂f̃

∂d̃

)
− tr

(
c̃T ∂f̃

∂c̃

)
+ ∆

)
− L|z3|

+k1w̃
Tŵ + k2 tr(d̃Td̂)

+k3 tr(c̃Tĉ) + k4L̃L̂

6 −τ1z
2
1 − τ2z

2
2 − τ3z

2
3 + (|ε| − L)|z3| + k1w̃

T

ŵ + k2 tr(d̃Td̂) + k3 tr(c̃Tĉ) + k4L̃L̂

6 −τ1z
2
1 − τ2z

2
2 − τ3z

2
3 + k1w̃

Tŵ

+k2 tr(d̃Td̂) + k3 tr(c̃Tĉ) + k4L̃L̂. (45)

� â tr(ATA) = ‖A‖2 9 Ø �ª: αβ 6 −(1/2)α2 +

1/2(α + β)2, k:

w̃Tŵ 6 −1

2

∥∥w̃
∥∥2

+
1

2

∥∥w∗∥∥2

6 −1

2

∥∥w̃
∥∥2

+
1

2
w2

M , (46)

tr(d̃Td̂) 6 −1

2

∥∥d̃
∥∥2

+
1

2

∥∥d∗∥∥2

6 −1

2

∥∥d̃
∥∥2

+
1

2
d2

M , (47)
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tr(c̃Tĉ)) 6 −1

2

∥∥c̃
∥∥2

+
1

2

∥∥c∗∥∥2

6 1

2

∥∥c̃
∥∥2

+
1

2
c2

M , (48)

L̃L̂ 6 −1

2
L̃2 +

1

2
L2. (49)

�\ (45)ªk:

V̇ 6 −τ1z
2
1 − τ2z

2
2 − τ3z

2
3 + k1

(
− 1

2

∥∥∥w̃
∥∥∥2

+
1

2
w2

M

)
+k2

(
− 1

2

∥∥∥d̃
∥∥∥2

+
1

2
d2

M

)
+ k3

(
− 1

2

∥∥∥c̃
∥∥∥2

+
1

2
c2

M

)
+ k4

(
− 1

2

∥∥∥L̃
∥∥∥2

+
1

2
L2

)
6 −ρ1

(∥∥∥z
∥∥∥2

+
∥∥∥w̃

∥∥∥2

+
∥∥∥d̃

∥∥∥2

+
∥∥∥c̃

∥∥∥2

+ L̃2
)

+ ρ2, (50)

Ù¥: ρ1 = min{τ1, τ2, τ3, (1/2)k1, (1/2)k2, (1/2)k3,

(1/2)k4}, ρ2 = 1/2{k1w
2
M + k2d

2
M + k3c

2
M + k4L

2},

V = V3 +
1

2
w̃TΓ−1

1 w̃ +
1

2
tr(d̃TΓ−1

2 d̃)

+
1

2
tr(c̃TΓ−1

3 c̃) +
1

2
k−1

L L̃2

6 1

2

∥∥z
∥∥2

+
1

2

∥∥Γ−1
1

∥∥∥∥∥w̃
∥∥∥2

+
1

2

∥∥Γ−1
2

∥∥∥∥∥d̃
∥∥∥2

+
1

2

∥∥Γ−1
3

∥∥∥∥∥c̃
∥∥∥2

+
1

2
k−1

L L̃2

6 1

2
ρ3

(
‖z‖2 +

∥∥w̃
∥∥2

+
∥∥d̃

∥∥2

+
∥∥c̃

∥∥2
+ L̃2

)
, (51)

Ù ¥: ρ3 = max{1,
∥∥Γ−1

1

∥∥,
∥∥Γ−1

2

∥∥,
∥∥Γ−1

3

∥∥, k−1
L }. � (

Ü (50) Ú (51)ª, ·�k:

V̇ 6 −2ρ1

ρ3
V + ρ2. (52)

éþªü>È©�:

V (t) 6 exp
(
− 2ρ1

ρ3
t
)(

V (0) − ρ3ρ2

2ρ1

)
+

ρ3ρ2

2ρ1
. (53)

Ïd,

V (0) 6 ρ3ρ2

2ρ1
�,⇒ V̇ (t) > 0,

V (t) < V (∞) =
ρ3ρ2

2ρ1
; (54)

V (0) >
ρ3ρ2

2ρ1
�,⇒ V̇ (t) < 0,

V (t) 6 V (0). (55)

þüª=L²XÚ¥�&Òþ�ª��ìCk., �k.
«��

V (t) 6 max
{ρ2ρ3

2ρ1
, V (0)

}
. (56)

� k1, k2, k3, k4 = 0�, d (45)ª, k:

V̇ 6 −τ1z
2
1 − τ2z

2
2 − τ3z

2
3 6 0. (57)

dd=��, t → ∞�, z(t)Âñu 0.

[1] Krstic M, Kanellakopoulos I, Kokotovic P 1995 Nonlinear and

Adaptive Control Design (New York: Wiley) pp124—183

[2] Cai G L, Tan Z M, Zhou W H, Tu W T 2007 Acta Phys. Sin. 56
6230 (in Chinese) [éIù,  �r, ±�~, æ©; 2007 Ôn
Æ� 56 6230]

[3] Zheng J F, Feng Y, Zheng X M, Yang X Q 2009 Control Theory &

Applications 26 410 (in Chinese) [xê�, ¾], xÈr, Rr
2009 ��nØ�A^ 26 410]

[4] Zhang T, Ge S S, Hang C C 2000 Automatica 36 1835

[5] Li Y H, Sheng Q, Zhuang X Y, Kaynak O 2004 IEEE Trans. Neu-

ral Networks 15 693

[6] Kwan C M, Lewis F L 2004 IEEE Trans. Neural Networks 11
1178

[7] Peng Y F, Hsu C F 2009 Chaos, Solitons and Fractals 41 1377

[8] Hsu C F, Lin C M 2005 Fuzzy Set Syst. 151 43

[9] Zhang Q, Benveniste A 1992 IEEE Trans. Neural Networks 3 889

[10] Zhang Q 1997 IEEE Trans. Neural Networks 8 227

[11] zhang Q 1992 Technical Report LITH-ISY-I-1423 (Linkoping

University)

[12] Hsu C F, Lin C M, Lee T T 2006 IEEE Trans. Neural Networks 7
1175

[13] Wai R J, Chang H H 2004 IEEE Trans. Neural Networks 5 367

[14] Lin F J, Shieh H J, Huang P K 2006 IEEE Trans. Neural Networks

17 432

[15] Wang H O, Tanaka K 1996 IEEE Trans. Fuzz. Syst. 3 1433

[16] Miao Z Q, Wang Y N 2010 J. Dynamics & Control 8 229 (in Chi-

nese) [D�r, ��H 2010 ÄåÆ���Æ� 8 229]

[17] Thomas R 1999 Int. J. Bifur. Chaos 9 1889

030503-6



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 3 (2012) 030503

Robust adaptive radial wavelet neural
network control for chaotic systems using

backstepping design∗

Miao Zhi-Qiang† Wang Yao-Nan

( College of Electrical and Information Engineering, Hunan University, Changsha 410082, China )

( Received 29 April 2011; revised manuscript received 8 June 2011 )

Abstract

In this paper, we design an adaptive and robust backstepping control law to realize the control of Rossler like system with

uncertainties. First, a wavelet network is used for identiring the nonlinear part of the system to change it into parametric model with

parametric and structural uncertainties. Then, for the parameter uncertainties, an adaptive control law is designed to online estimate

the unknown parameters; for the structural uncertainties, a robust control law is designed to make the system robust. Finally, the

effectiveness of this method is illustrated by the simulation results.
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