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1 Ú ó

·b���Ì�?Ö´�{lõ«õ���
�5XÚ¤�)�·b1�¥, ]ÀÑ?¿¤I�
±Ï&Ò, $�u�±Ï&Ò, ¿éÙ¢y½�
k���. <�uy·b9Ù��Ø=äk���
nØ¿Â, ��32,�A^cµ [1]. 8cIS
	�ïó�öJÑ
õ«·b����{, ~XÄ
u�
�.��{! ²�ä��!g·A�"
��!óÀ��� [2−6]. AO´C
c5óÀ��
3¯õ+�LyÑã��A^då, áÚ
�5�
õÆö�'5. óÀ���Ì�A:´|^3lÑ
óÀ���\��5UCëYXÚ�G�, 3^u
��Ï&�·bXÚ¥, é��óÀ��&Ò=�
¢y·bXÚ�	½�ÓÚ.

�©JÑ�«#L�Äuõ�ª�.�·b
óÀ���{. ��a·bXÚÑ·^õ�ª�
.5£ã, �Ù¦ï��{�' (~X T-S �
�
.), T�{Ø7¦^?Ûý��b�. Äud�
.���, Ï~¦^²�Ú (sum of square, SOS) `
z�{, ÄuT�{�óÀ���Äu�5Ý

Ø�ª (linear matrix inequality, LMI) à`z�{�

(J�', U�����óÀmå, l�±¦^
�����Uþ¢yÓ�����J. ùp·�¡
��Äuõ�ª�.� SOS óÀ���{. �A
� SOS `z¯K, �±¦^ SOSTOOLS ^� [7] 5
?1¦).

2 XÚ£ã

� Ä � a · b X Ú � � X e � õ �ª�
.£ã:

ẋ(t) = A(x(t))x̃(x(t)), (1)

Ù¥ x(t) = [x1, x2, · · · , xn]T ∈ Rn, A(x(t))´'
u x(t) �õ�ªÝ
. x̃(x(t)) ∈ RN ´�� N × 1
����þ, §���d¤k'u x(t) �ü�ª|
¤¿�÷vb� x̃(x(t)) = 0 ��=� x(t) = 0.
x(t) �ü�ª�±^¼ê xα1

1 xα2
2 · · ·xαn

n 5L«,
Ù¥� α1, α2, · · · , αn ��K��ê.

ÄuT�.�©Û���, Ï~¦^ SOS `z
�{. §´ïá3�½5y�Ä:þ�)��«)
ûê�O��k��{ [7, 8]. SOS `z�{�J
Ñ, k�/)û
 LMI �{3��5XÚ¥éJ�
EÜ·��5Ý
!����é��5XÚ�©
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ÛÚ�OJ±?1�JK.
3¢y · b � � � ¡, � © æ ^ ó À � �

ì, Ù(�{ü, ´u¢y, Ì�A:´|^3
l Ñ ó À���\ � � 5 U C ë Y X Ú � G
�. b½lÑ�mS� {tk} ÷v: 0 < t1 < t2

< · · · < tk < tk+1 < · · · , lim
k→∞

tk = ∞, k ∈ N,

0 6 t0 < t1. 3ØÚåØ)�cJe, ±e¦^{
zÎÒ: A(x) = A(x(t)), x̃ = x̃(x(t)).

3lÑóÀ�� tk, G�Cþu)aC, ¤±,
É�·bXÚ�Lã�Xe/ª: ẋ(t) = A(x)x̃ t 6= tk,

∆x̃(tk) = Bkx̃(tk) t = tk,
(2)

Ù¥ ∆x̃(tk) = x̃(t+k ) − x̃(t−k ) = x̃(t+k ) − x̃(tk),
x̃(t+k ) = lim

t→t+k

x̃(x(t)), x̃(t−k ) = lim
t→t−k

x̃(x(t)), = t+k

Ú t−k ©OL«óÀ�� tk c��]�. x̃(t−k ) =
x̃(tk) L« x̃ 3 t = tk�´�ëY�. Bk �óÀ�
�OÃ.

�©���8I´ÀJÜ·�óÀ��O
Ã Bk ÚóÀmå ∆k = tk − tk−1, ¦�·bX
Ú (2) ìC½.

3 Ì�(J

�
¢yd8I, �ÑXe½n.
½½½nnn 1 Äuõ�ª�.�óÀ·bXÚ (2)

´ìC½�, XJ�3~ê α > 0, 1 > βk > 0,
γ > 1, é¡Ý
 P ∈ RN×N ÷ve�^�:

1) vT
1 (P − ε1(x)I)v1´ SOS;

2) −vT
2

{
AT(x)T T(x)P + PT (x)A(x) −αP }

v2´ SOS;
3) −vT

3

{
(I + Bk)TP (I + Bk) − βkP

}
v3 ´

SOS;
4) α∆k + ln(γβk) 6 0;
Ù ¥ v1, v2, v3 ´Õ á u x � ? ¿ � þ,

∆k = tk+1 − tk L«ó À m å, T (x) ∈ RN×n

´õ�ªÝ
, §�1 (i, j) ��÷v Tij(x) =
∂x̃i

∂x̃j
(x(t)). � x 6= 0�, k ε1(x) > 0, � x = 0�,

k ε1(x) = 0.
yyy²²² À�Xe/ª� Lyapunov ¼ê:

V (t) = x̃TP x̃, (3)

^� 1) �y
Ý
 P ´�½�, ¤±� x 6= 0�,
V (t) > 0.

éu t ∈ (tk−1, tk], k ∈ N, ÷XóÀ·bX
Ú (2) �;,¦���

D+V (t) = ˙̃xTP x̃ + x̃TP ˙̃x

= ˙̃xTT T(x)P x̃ + x̃TPT (x) ˙̃x

= x̃TAT(x)T T(x)P x̃ + x̃TPT (x)A(x)x̃,

Ù¥ D+V (t, x(t)) = lim
h→0+

sup
1
h

(V (t + h),x(t +

h) − V (t, x(t))) L«¼ê V (t) � Dini �ê.
d^� 2), ��

D+V (t) 6 αx̃TP x̃ = αV (t), (4)

u´k

V (t) 6 V (t+k−1) exp(α(t − tk−1)). (5)

,��¡, � t = tk �, d (3)ªÚ^� 3), ��

V (tk) = x̃T(t+k )P x̃(t+k )

= x̃T(tk)(I + Bk)TP (I + Bk)x̃T(tk)

6 βkV (tk). (6)

dØ�ª (5) Ú (6)ª��, éu?¿ t ∈ (t0, t1] k

V (t) 6 V (t+0 ) exp(α(t − t0)),

?�Ú��

V (t+1 ) 6 β1V (t1) 6 V (t+0 )β1 exp(α(t1 − t0)) (7)

Ú
V (t1) 6 V (t+0 ) exp(α(t1 − t0)). (8)

¤±, éu?¿ t ∈ (t1, t2]

V (t) 6 V (t+1 ) exp(α(t − t1))

6 V (t+0 )β1 exp(α(t − t0)). (9)

nÜ±þ©ÛÚ^� 4), éu?¿ t ∈ (tk, tk+1] k

V (t) 6 V (t+0 )β1β2 · · ·βk exp(α(t − t0))

= V (t0)β1 exp(α∆1) · · ·βk exp(α∆k)

× exp(α(t − tk))

6 V (t0)
1
γk

exp(α(t − tk))

6 V (t0)
1
γk

exp(α∆k+1), (10)

ù¿�X� t → ∞�, V (t) → 0, x̃ → 0 Ú x → 0.
¤±, Äuõ�ª�.�óÀ·bXÚ (2)´ìC
½�, y..

555ººº 1 3½n 1 ¥, XJéu¤k k ∈ N, Ñ
k ∆k = ∆ Ú βk = β, @o^� 4) ò¬{z�

α∆ + ln(γβ) 6 0, (11)
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ù ¿ � X ¤ À J � ó À � � O Ã � ~ Ý 
,
= Bk = B, �óÀmå ∆ = tk − tk−1 ��~
ê. ù��À�k|uóÀ��ì�¢y.

555ººº 2 ÏLØ�ª (11) ª�±¦ÑóÀm
å ∆ �þ.�O�, =

∆max =
∣∣∣∣ ln γβ

α

∣∣∣∣ , γ → 1+.

óÀmå�¿�XóÀ���ªÇ$, ��U
þ��Ñ�, ü$3�O�þ, ´u¢y. �´ α

Ú β ¿ØU?¿��, §���÷v½n 1 �^�.
Ïd, �±o(Xe�{5(½ α Ú β, ¢yóÀ
·bXÚ (2)´ìC½�cJe,¦óÀmå ∆

¦�U�.
���{{{ 1
1) Ð©z α > 0, 1 > β > 0 (~X, Ð©�

� α = 200, β = 0.9).
2) �â½n 1 � SOS ^�¦)Ý
 P .
3) XJ P �3, K� β = β −∆β; ÄK�1Ú

½ 7).
4) �â½n 1 ¥�^� 3), XJ β > ρ((I +

B)T(I + B)), �£Ú½ 2), ÄK�1Ú½ 5). ρ(·)
L«Ý
 (·) �Ì�».

5)� α = α − ∆α, ¿� β ��Ð©�.
6) XJ α > 0, �£Ú½ 2), ÄK�1Ú½ 7).
7) XJ α, β þ�uÐ©�, KÃ�1) (�{

�}), òÑ. ÄKÑÑþ�g� α, β ÚÝ
 P .
555ººº 3 Äu�
�.� LMI ·b���{

�ë�©z [9, 10]. Ù¥¦^�
�.5é·bX
Ú?1ï�, 3À�äáÝ¼ê�, Ï~b�·b
XÚ$13ý��ó��S. XJ·bXÚ�G�
3Ùý���±	, Äu�
�.� LMI ���
{ò��. �©JÑ�Äuõ�ª�.��{Ø
I�ù��b�. 3óÀ���¡þ, Äud�.
� SOS `z�{�U����óÀmå, l¼�
�Å5���(J.

555ººº 4 éØÓ�XÚ, ��{��, �Ú��
À��Ø¦�Ó. L��Ú�¬��O��mL�,
O��Ç�; L��Ú��U¬��¦)�}. �

â²�, ∆β � 0.1, ∆α � 10—20 �¨.

4 ê��ý

e¡ÏL~f5�y�©JÑ��{. Äk
r·bXÚL«��©¤£ã�(� (1)ª, ,�
ÏL\\óÀþ¢y��8I. �ý¥¦^ Runge-
Kutta �{¦)óÀ�©�§ (2), Ú�À� 0.001 s.
óÀOÃÝ
ÚóÀmå�ÀJ�6u½n 1 9
�{ 1.

~~~ 1 Lorenz XÚ [9,10]
ẋ1(t) = a(x2(t) − x1(t)),

ẋ2(t) = bx1(t) − x2(t) − x1(t)x3(t),

ẋ3(t) = −cx3(t) + x1(t)x2(t),

(12)

Ù¥ a, b, c �XÚëê. � a = 10, b = 28, c = 8/3
�, Lorenz XÚ?u·bG�, Ù�ãXã 1 ¤«.

ã 1 ÃóÀ���, Lozenz XÚ¥y·bG���ã

TXÚ�^õ�ª�. (1)ª5£ã, äNë
êXe:

A(x) =


−a a 0

6 −1 x1

0 x1 −c

 , x̃ = x =


x1

x2

x3

 .

À � ó À O Ã Ý 
 Bk = B = diag
([−0.8,−0.5,−0.7]), Ï L � { 1, ¦ � α = 25,
β = 0.4,

P =


0.15754 0.14464 × 10−14 −0.722 × 10−17

0.14464 × 10−14 0.80136 × 10−1 −0.10643 × 10−15

−0.722 × 10−17 −0.10643 × 10−15 0.80136 × 10−1

 ,

200511-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 200511

ã 2 �óÀ��óÀmå ∆ = 0.036 s�, Lorenz XÚ�G
�;,

óÀmå ∆ 6
∣∣∣∣ lnβ

α

∣∣∣∣ .= 0.036 s. XÚ;,��ý(

JXã 2 ¤«, ÙG�Ð�� x = [−2.5, 2, 2]T. ©
z [4] ¥,¦^
 T-S �
�.Ú LMI `z�{, �
Ñ���óÀmå ∆ � 0.0014 s. ���©�(J
´©z [4] � 25 �.

5 ( Ø

�©JÑ�«#L�Äuõ�ª�.�·b
XÚ SOS óÀ���{. ïÄ(J��y·bX
Ú�G�ìC½. Ó��JÑ��S��{^5
�ÑóÀmå ∆ �þ.�O�. �ý¢�L² SOS
`z�{�óÀ���{�Äu LMI à`z�{
�(J�', U¼����óÀmå, lü$

XÚ�O��Å5.
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Abstract
In this paper, we present a novel impulsive control method based on polynomial model for a large class of chaotic systems. First,

the polynomial model is used to model the chaotic system, in which the state equation of the system is composed of the polynomial
matrix of the system and the column vector of monomials in state. Compared with others modeling methods, any pre-defined hypothesis
is removed. Next, a sum-of-square (SOS)-based impulsive control method is investigated to guarantee that the chaotic system is
asymptotically stable. It can obtain larger impulsive interval using SOS-based optimization algorithm over linear matrix inequality
technique, which means the same control performance can be realized by less control action. Finally, the simulation is provided to
demonstrate the effectiveness of the proposed method.
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