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Stability analysis and design of output feedback controllers for
Takagi-Sugeno fuzzy systems
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Abstract: Output feedback control is an important approach to the design of Takagi-Sugeno (T-S) fuzzy control sys-
tems. New stability analysis and analytical design methods of output feedback controllers are proposed for T-S fuzzy
systems in this paper. The output feedback controller is constructed with a fuzzy regulator and a fuzzy observer. In order
to use the structural information in the rule base to decrease the conservatism of the stability analysis, the standard fuzzy
partition (SFP) is employed on the premise variables of T-S fuzzy systems. New stability conditions are also obtained by
relaxing the stability conditions derived in previous papers. The concept of parallel distributed compensation (PDC) and
linear matrix inequality (LMI) are employed to design an output feedback controller for T-S fuzzy models. The output
feedback controller design and simulation results of a nonlinear mass-spring-damper mechanical system show that these
methods are effective.
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1 ÚÚÚóóó(Introduction)
Cc5, Takagi-Sugeno (T-S) .�
XÚ¤�

�
��+�¥���~¹��ïÄ��[1∼15].
©[3∼ 6]æ^²1©ÙÖ�{(PDC)�T-S�
é�
�.�OG��"��ì. 3¢SA^¥, NõX
Ú�G�CþØ´�Ü�ÿ�,Ïdæ^ÑÑ�"
��ì´T-S�
��XÚ�O�,�«­���
{[7∼11]. Yoneyama�<[8,9] ïÄ
Äu�
G�*

ÿìÚ�
N!ì�ÑÑ�"��ì,¿�Ñ��

G�*ÿìÚ�
G��"��ì©O��g

­½£½Âñ¤�,TaÑÑ�"��ìoU¢y
éT-S�
XÚ�	½.

yk�ïÄ¤J[2∼11]¥, �õê�
��ì�
Ovk�Ä�
5Kc�Cþ�
äáÝ¼ê�(

�&E.
3¢SA^¥,�
��XÚc�Cþ�
äáÝ¼ê��æ^k�|8�/ª,�ÛÜfX
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ÏLo(ó§A^¥�õê�
XÚc�Cþ�
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¿�\ïÄ
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X

Ú�5�,JÑ
�«�½T-S�
��XÚ­½�
#�{. T�{¿©|^
�
5Kc�Cþ�

äáÝ¼ê�(�&E,~�
± ­½5�½�
{��Å5ÚJÝ.©[13]�ïÄ
�
G��"�
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�ì�XÚz�O�{. �©3©[12,13]ïÄ¤J
�Ä:þ,?�ÚïÄ
T-S�
XÚÑÑ�"��
ì­½5©ÛÚ)Û�O�{.

2 T-S���


XXXÚÚÚGGG������"""������ììì���OOOÚÚÚ­­­
½½½555©©©ÛÛÛ(Stability analysis and design of
state feedback controllers for T-S fuzzy sys-
tems)
T-S�
XÚ´^�|æ^�5fXÚ���

��IF-THEN�
5K5£ã���5XÚ. �â

©[7∼9]�ïÄ(J, XJT-S�
XÚ�c�Cþ

�6uG�*ÿì¤�O�XÚG�,ÑÑ�"�

�ì��OÚ­½5©Ûò'�E,,
XJc�

Cþ��æ^XÚ�ÑÑ,KÑÑ�"��ì��

OÚ­½5©Û��é{ü�
. du3¢SA^

¥,�õêXÚ�ÑÑ��±N´ÿ�,Ïd�©Ì

�ïÄc�Cþæ^XÚÑÑ�T-S�
XÚÑÑ

�"��ì.

2.1 ccc���CCCþþþæææ^̂̂XXXÚÚÚÑÑÑÑÑÑ���T-S ���


XXXÚÚÚ���
...(Model of T-S fuzzy systems whose premise

variables adopt output variables)

c�Cþæ^XÚÑÑ�T-S�
XÚ�.�

IF y1 is M i
1 and · · · and yp is M i

p

THEN ẋ(t) = Aix(t) + Biu(t), y(t) = Cix(t),

i = 1, 2, · · · , l. (1)

Ù¥µl��
5Kê, y(t) = [y1, y2, . . . , yp]T ∈
Rp �XÚÑÑ, Ó����5K�c�Cþ,

M i
j(j = 1, 2, · · · , p)�c�Cþ��
8, x(t) =

[x1(t), x2(t), · · · , xn(t)]T, x ∈ Rn �XÚ�G��

þ, u(t) ∈ Rm �XÚÑ\, Ai, Bi, Ci �T-S�
X

Ú¥�ÛÜfXÚ�ëêÝ
.

æ^ü:�
{!Sum-Productín!­%{�

�
, T-S�
XÚ�oN�.�

ẋ(t) =
l∑

i=1

hi(y) {Aix(t) + Biu(t)}, (2)

y(t) =
l∑

i=1

hi(y)Cix(t). (3)

Ù¥µwi(y) =
p∏

k=1

M i
k(yk(t))�1i^5K�-¹

Ý,�hi(y) = wi(y)/
l∑

i=1

wi(y).

2.2 GGG������"""������ììì���OOOÚÚÚ­­­½½½555©©©ÛÛÛ(analysis

and design of state feedback controllers)
éuª(1)¤«��é��T-S�.,|^²1©

ÙÖ�(PDC)�n�O�
��ì´�«{Bk�
��{[3,4]. éuª(1)¤«�XÚ,Ù�A��
G
��"��5K�

IF y1 is M i
1 and · · · and yp is M i

p

THEN u(t) = −Kix(t), i = 1, 2, · · · , l. (4)

�
G��"��ì�oN�.�

u(t) = −
l∑

i=1

hi(y)Kix(t). (5)

òª(5)�\ª(2)����XÚ�oN�.�

ẋ = {
l∑

i=1

l∑
k=1

hihkGik}x =

{
l∑

i=1

h2
i Gii + 2

l∑
i<k

hihk(
Gik + Gki

2
)}x. (6)

Ù¥Gik = Ai −BiKk .
©[13]JÑ
���½æ^G��"��ì�

4�T-S�
��XÚ­½�¿©^�µ
½½½nnn 1 éuª(6)¤«T-S�
��XÚ,XJ

�c�Cþþæ^IO�
©y, K4�XÚ3²
ïG����ìC­½�¿©^�´: 3z���
�U5K|¥Ñ�3��ú���½Ý
Pj÷v^

�C1)½C2):
C1) GT

ikPj + PjGik < 0, i, k ∈ Lj ; j = 1, 2, · · · ,
p∏

r=1

(mr − 1);

C2) GT
iiPj+PjGii <0, i∈Lj; (

Gik + Gki

2
)TPj+

Pj(
Gik + Gki

2
) < 0, i, k ∈ Lj �i < k; j =

1, 2, · · · ,
p∏

r=1

(mr − 1).

Ù¥(±93�©�¡�?Ø¥)µLj = {1j�

���U5K|�¹�5KSÒ}, mr�1r�c�

Cþ��
©yê.
�
?�Ú~�­½5©Û��Å5, É

©[6]�éu,�©ïÄ��
��#��½ª(6)¤
«T-S�
��XÚ­½�¿©^�:
½½½nnn 2 éuª(6)¤«T-S�
��XÚ,X�

c�Cþþæ^IO�
©y, K4�XÚ3²ï
G����ìC­½�¿©^�´: 3z���
�U5K|¥Ñ�3��ú���½Ý
Pj÷v

ª(7).
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


ΛT
d1d2

Pj+PjΛd1d1 ΛT
d1d2

Pj+PjΛd1d2 · · · ΛT
d1ds

Pj+PjΛd1ds

ΛT
d1d2

Pj+PjΛd1d2 ΛT
d2d2

Pj+PjΛd2d2 · · · ΛT
d2ds

Pj+PjΛd2ds

...
...

...
...

ΛT
d1ds

Pj+PjΛd1ds ΛT
d2ds

Pj+PjΛd2ds · · · ΛT
dsds

Pj+PjΛdsds




<0, j = 1, 2, · · · ,
p∏

r=1
(mr−1), (7)

V̇j(x) = ẋTPjx + xTPj ẋ = (
s(j)∑
i=1

s(j)∑
k=1

hdi
hdk

Gdidk
x)TPjx + xTPj(

s(j)∑
i=1

s(j)∑
k=1

hdi
hdk

Gdidk
x) =

s(j)∑
i=1

h2
di
{xT(GT

didi
Pj+PjGdidi

)x}+2
i<k≤s(j)∑ hdi

hdk
{xT((

Gdidk
+Gdkdi

2
)TPj+Pj(

Gdidk
+Gdkdi

2
))x}=




hd1x

hd2x
...

hds(j)
x




T



ΛT
d1d1

Pj+PjΛd1d1 ΛT
d1d2

Pj+PjΛd2d2 · · · ΛT
d1ds(j)

Pj+PjΛd1ds(j)

ΛT
d1d2

Pj+PjΛd1d2 ΛT
d2d2

Pj+PjΛd2d2 · · · ΛT
d2ds(j)

Pj+PjΛd2ds(j)

...
...

...
...

ΛT
d1ds(j)

Pj+PjΛd1ds(j)
ΛT

d2ds(j)
Pj+PjΛd2ds(j)

· · · ΛT
ds(j)ds(j)

Pj+PjΛds(j)ds(j)



·

(
hd1x hd2x · · · hds(j)

x
)T

. (8)

Ù¥µs = 2p, Λdidi ≡ Gdidi (di ∈ Lj ), Λdidk
≡

(
Gdidk

+ Gdkdi

2
)(di, dk ∈ Lj � i < k).

yyy � X Ú � kr� � U 5 K |, lj =
{1j��U5K|�¹�5KSÒ}, ��U5K
|��^��Sj(j = 1, 2, · · · , r).
31j��U5K|��^�þÀJVj(x) =

xTPjx�ÛÜLyapunov ¼ê, �±��ª(8). Ù
¥µs(j)�1j��U5K|¥�¹�5Kê,
di, dk ∈ lj ,�i < k.
Ù{�y²L§�©z[13]¥�½n2�Ó.

3 ÑÑÑÑÑÑ���"""������ììì���OOO(Design of output
feedback controllers)
�©ïÄ�T-S�
XÚÑÑ�"��ìd�


G�*ÿìÚ�
N!ì�¤. Ù¥N!ìæ
^ª(6)¤«��
G��"��ì�/ª, *ÿ
ìæ^��
é��.�Ó�5Kc�, (��
ª(6)¤«�G��"��ì�éó/ª, ÏdÙ
Âñ^��±d½n1, 2��íÑ.

3.1 GGG���***ÿÿÿììì���ÂÂÂñññ555(Convergence of fuzzy
observers)
�
G�*ÿì�5K/ªXeµ

IF y1 is M i
1 and · · · and yp is M i

p

THEN ˙̂x(t) = Aix̂(t) + Biu(t) + Fi (y(t)− ŷ(t))

i = 1, 2, · · · , l. (9)

Ù¥: x̂(t)��O�G��þ, ŷ(t)=
l∑

i=1

hi(y)Cix̂(t).

�
G�*ÿì�oN�.�

˙̂x(t) =
l∑

i=1

hi(y) {Aix̂(t) + Biu(t)}+

l∑
i=1

hi(y)Fi (y(t)− ŷ(t)). (10)

3�O�)öF"é�¤k�Fi÷v: �t →
∞�e(t) = x(t)− x̂(t) → 0.
dª(2)(10),�±��*ÿì�Ø��

ė(t) =
l∑

i=1

l∑
k=1

hi(y)hj(y)(Ai − FkCi)e(t) =

l∑
i=1

h2
i (y)G̃iie(t)+2

l∑
i<k

hi(y)hk(y)(
G̃ik+G̃ki

2
)e(t).

(11)

Ù¥G̃ik = Ai − FkCi.
ª(11)¤«�Ø�XÚ´ª(6)�éó/ª, Ï

d�t →∞�e(t) → 0�¿©^�Xeµ
½½½nnn 3 éuª(11)¤«�
G�*ÿì�

Ø�XÚ,XJ�c�Cþþæ^IO�
©y,
KØ�XÚ3e(t) = 0?���ìC­½�¿©
^�´µ3z����U5K|¥Ñ�3��ú

���½Ý
P̃j ÷v^�C3)½C4):
C3) G̃T

ikP̃j + P̃jG̃ik < 0, i, k ∈ Lj¶j = 1, 2,

· · · ,
p∏

r=1
(mr − 1).

C4) G̃T
iiP̃j+P̃kG̃ii <0,i∈Lj ; (

G̃ik + G̃ki

2
)TP̃j+

P̃j(
G̃ik+G̃ki

2
) < 0, i, k ∈ Lj � i < k, j =
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1, 2, · · · ,
p∏

r=1
(mr − 1).

yyy �±���â½n1�Ñ.
½½½nnn 4 éuª(11)¤«�
G�*ÿì�Ø

�XÚ,XJ�c�Cþþæ^IO�
©y,K
Ø�XÚ3e(t) = 0?���ìC­½�¿©^
�´: 3z����U5K|¥Ñ�3��ú�
��½Ý
P̃j÷vª(12).




Λ̃T
d1d1

P̃j+P̃jΛ̃d1d1 Λ̃T
d1d1

P̃j+P̃jΛ̃d1d2 · · · Λ̃T
d1ds

P̃j+P̃jΛ̃d1ds

Λ̃T
d1d2

P̃j+P̃jΛ̃d1d2 Λ̃T
d2d2

P̃j+P̃jΛ̃d2d2 · · · Λ̃T
d2ds

P̃j+P̃jΛ̃d2ds

...
...

...
...

Λ̃T
d1ds

P̃j+P̃jΛ̃d1ds Λ̃T
d2ds

P̃j+P̃jΛ̃d2ds · · · Λ̃T
dsds

P̃j+P̃jΛ̃dsds




< 0, j = 1, 2, . . . ,
p∏

r=1
(mr − 1). (12)

Ù¥µs = 2p, Λ̃didi
≡ G̃didi

(di ∈ Lj), Λ̃didk
≡

(
G̃didk

+ G̃dkdi

2
), (di, dk ∈ Lj�i < k).

yyy �±���â½n2�Ñ.
3.2 ÑÑÑÑÑÑ			½½½���©©©lll���OOO���nnn(Output stabiliza-

tion and the separation principle)
3�5XÚnØ¥, ò��­½�G��"

��ì(N!ì)���Âñ�G�*ÿì(Ü�
±¼���­½�ÑÑ�"��ì, ÏdG�*
ÿìÚN!ì�±©O�O,ùÒ´Í¶�“©l
�O�n”[16,17]. �â©z[8, 9]�ïÄ¤J,¦+
ª(1)¤«�T-S�
XÚ��þ´��5�,XJ
æ^ª(9)¤«��
G�*ÿìÚª(4)¤«�
�
N!ì, “©l�O�n”�,¤á.
éuª(1)¤«�XÚ, æ^ª(9)¤«�G�

*ÿì,�N!ì�

u(t) = −
l∑

i=1

hi(y)Kix̂(t). (13)

dª(2)(3)Úª(10)��

˙̃x(t) =
l∑

i=1

l∑
j=1

hi(y)hj(y)Hij x̃(t). (14)

Ù¥

x̃(t) =
[
x(t)T, e(t)T

]T
,

Hij =

[
Ai −BiKj BiKj

0 Ai − FjCi

]
.

d½n1Ú½n3,�±��±e(Øµ
½½½nnn 5 XJXÚ(6)÷v½n1�^��G

�*ÿì�Ø�XÚ(11)÷v½n3�^�, @o
ª(14)¤«æ^ÑÑ�"��ì�4�T-S�
�
�XÚ´���ìC­½�.
yyy �±���â©z[8]�½n4.1�Ñ.
d½n2Ú½n4,�±��±e(Øµ
½½½nnn 6 XJXÚ(6)÷v½n2�^��G

�*ÿì�Ø�XÚ(11)÷v½n4�^�, @o
ª(14)¤«æ^ÑÑ�"��ì�4�T-S�
�

�XÚ´���ìC­½�.
yyy �±���â©z[8]�½n4.1�Ñ.

3.3 ÑÑÑÑÑÑ���"""������ììì���)))ÛÛÛ���OOO���{{{(Analytical
design of output feedback controller)
æ^d�
*ÿìÚ�
N!ì�¤�ÑÑ

�"��ì�T-S�
��XÚ(�Xã1¤«.

ã 1 æ^ÑÑ�"��ì�T-S�
��XÚ�(�
Fig. 1 Structure of a T-S fuzzy control system with an

output feedback controller

�â½n5,6,3�OÑÑ�"��ì��±©
O�O�
*ÿìÚ�
N!ì,Ïd,ÑÑ�"
��ì�)Û�OÚ½Xeµ

ÚÚÚ½½½ 1 æ^ª(1)¤«�T-S�
�.���
é�ï�,ï��äN�{�ë�©z[1].
ÚÚÚ½½½ 2 éuª(1)¤«�T-S�
é��.,�

y��5fXÚ���5Ú�*ÿ5,=

rank(Bi, AiBi, · · · , An−1
i Bi) = n, i = 1, · · · , l,

rank(Ci, CiAi, · · · , CiA
n−1
i )T = n, i = 1, · · · , l.

ÚÚÚ½½½ 3 A^�5XÚnØ,�âÏ"�4�
��XÚ�5U�I, À��ÛÜ�5fXÚÏ
LG��"��4�4: �.
ÚÚÚ½½½ 4 æ^Achermannúª, O�z��Û

Ü�5fXÚ�G��"Ý
Ki, ¿O�Gij =
Ai −BiKj .
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ÚÚÚ½½½ 5 �â©z[12]¥�½n2.2éÑXÚ
¤k����U5K|,A^½n1, 2u�4�T-
S�
��XÚ�­½5. XJ3,����U5
K|SØ÷v½n1, 2�^�, A£�Ú½3­#
���AfXÚ�4�4: �,��÷v^�.
ÚÚÚ½½½ 6 A^�5XÚnØ,�âÏ"�*ÿ

ìÂñ�Ý, À��ÛÜ�5fXÚ*ÿì�4
�4: �.
ÚÚÚ½½½ 7 æ^Achermannúª, O�z��Û

Ü�5fXÚ�G�*ÿì��"Ý
Fi.
ÚÚÚ½½½ 8 A^½n3, 4u��
G�*ÿìØ

�XÚ�­½5. XJ3,����U5K|S
Ø÷v½n3, 4�^�, A£�Ú½6­#���
AÛÜ�5fXÚ*ÿì�4�4: �, ��
÷v^�.
ÚÚÚ½½½ 9 Uª(13)ò�ÛÜ�5fXÚ�G

��"��ìÜ¤�
N!ì�oN�., U
ª(10)ò�ÛÜ�5fXÚ�G�*ÿìÜ¤�

G�*ÿì�oN�., ��Ü¤XÚ�ÑÑ
�"��ì. ÏLO�Å�ý½¢SÁ�,XJ�
�ýÏ����JKÑÑ�"��ì�O(å¶

ÄK£�Ú½3­#�O�
N!ìÚ�
G�
*ÿì,����ýÏ����J.
4 ���OOOÚÚÚ���ýýý«««~~~(Example of design and

simulation)
�
�yþ¡JÑ�T-S�
XÚÑÑ�"�

�ì�­½5©Û9)Û�O�{�k�5, �
©æ^©z[3]¥��5�þ¬–��–{ZìX
Ú�ïÄé�, ?1
ÑÑ�"��ì��OÚ
�ý.
4.1 ������ééé���������


ïïï���(Fuzzy modelling of the

plant)
©z[3]¥��5�þ¬–��–{ZìXÚ�

�©�§�

z̈ = −(1+0.2z)ż− (0.01+0.1z)z +(1+0.13z3)u.

(15)
Ù¥: z ∈ [−1.5 1.5],ż ∈ [−1.5 1.5]. -x1 = z,
x2 = ż,KXÚ�G��þ�x = [x1 x2]T.
N´�yXJØ\��ì, TXÚ3x =

[0 0]T?´Ø­½�.
ª(15)¤«�XÚ�±^±eT-S�
XÚ�

.5Cqµ




R1 : IF y is M1 THEN ẋ = A1x + B1u, y = C1x,

R2 : IF y is M2 THEN ẋ = A2x + B2u, y = C2x,

R3 : IF y is M3 THEN ẋ = A3x + B3u, y = C3x,

R4 : IF y is M4 THEN ẋ = A4x + B4u, y = C4x,

R5 : IF y is M5 THEN ẋ = A5x + B5u, y = C5x.
(16)

Ù¥XÚÑÑ�y = z, ¿��T-S�
5K�c
�Cþ, Ù�
©y{M i, i = 1, 2, · · · , 5}æ^X
ã2¤«�n�/äáÝ¼ê.

ã 2 c�Cþ��
äáÝ¼ê
Fig. 2 Membership functions of the premise variable y

�ÛÜ�5fXÚ�ëêÝ
�

A1 =
[
0 1
0.14 −0.7

]
, A2 =

[
0 1
0.065 −0.85

]
,

A3 =
[

0 1
−0.01 −1

]
, A4 =

[
0 1

−0.085 −1.15

]
,

A5 =
[

0 1
−0.16 −1.3

]
,

B1 = [0 0.56]T, B2 = [0 0.945]T, B3 = [0 1]T,

B4 = [0 1.055]T, B5 = [0 1.439]T,

C1 = C2 = C3 = C4 = C5 = C = [1 0].

dã2�±w�,TT-S�
XÚ�c�Cþæ
^IO�
©y, ��k4����U5K|, Ù
�^�©O^S1∼S4L«: S1�¹R1,R2ü^5

K¶S2�¹R2,R3ü^5K; S3�¹R3,R4ü^5

K¶S4�¹R4,R5ü^5K.
4.2 ÑÑÑÑÑÑ���"""������ììì������OOOÚÚÚ���ýýý(Design and

simulation of the output feedback controller)
�±�yª(16)¤«�T-S�
é��.¥¤

k��5fXÚÑ´����*ÿ�.
Äk, ?1�
N!ì�O. ÀJÏLG��

"�5�ÛÜfXÚ�4�4: ��

p1 = p2 = p3 = p4 = p5 = [−2.0 − 2.0].

ÏLAckermannúª, ��ÛÜ�5fXÚ�
G��"Ý
Ki©O�

K1 = [7.3929 5.8929],K2 = [4.3016 3.3333],

K3 = [3.9900 3.0000],K4 = [3.7109 2.7014],

K5 = [2.6685 1.8763].

O�Ñ¤k�Gij = Ai − BiKj , i =
1, 2, · · · , 5, j = 1, 2, · · · , 5, ¿�3XÚ�4���
�U5K|S1∼S4SÏLLMI�{�±é�Xe
÷v½n1, 2^��4�ú��½Ý
:

P1 =
[
1.4776 0.1777
0.1777 0.2436

]
, P2 =

[
1.3460 0.1490
0.1490 0.1910

]
,

P3 =
[
1.3545 0.1500
0.1500 0.1922

]
, P4 =

[
1.3228 0.1409
0.1409 0.1834

]
.

Ïd�±�½ÏLG��"u = −Kix(i =
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1, 2, · · · , 5), ª(16)¤«T-S�
��XÚ´­
½�.
,�,?1�
*ÿì�O.ÀJ5�ÛÜfX

Ú�G�*ÿìØ�XÚ�4�4: �©O�

p̃1 = p̃2 = p̃3 = p̃4 = p̃5 = [−3.0 − 3.0].

ÏLAckermannúª, �±O�ÑÛÜfXÚ
G�*ÿì��"Ý
Fi©O�

F1 = [5.3000 5.4300]T, F2 = [5.1500 4.6875]T,

F3 = [5.0000 3.9900]T, F4 = [4.8500 3.3375]T,

F5 = [4.7000 2.7300]T.

O � Ñ ¤ k �G̃ij = Ai − FjCi(i =
1, 2, · · · , 5, j = 1, 2, · · · , 5), ¿�3XÚ�4��
��U5K|S1∼S4SÏLLMI�{�±é�X
e÷v½n3,4^��4�ú��½Ý
:

P̃1 =
[

0.3878 −0.2850
−0.2850 0.4243

]
,

P̃2 =
[

0.3224 −0.2382
−0.2382 0.4072

]
,

P̃3 =
[

0.2684 −0.1942
−0.1942 0.3871

]
,

P̃4 =
[

0.2406 −0.1643
−0.1643 0.3894

]
.

Ïd�±�½�
G�*ÿì�Ø�XÚ´

­½�.
�X,�âª(10)Ú(13), ^�
N!ìÚ�


G�*ÿì|¤ÑÑ�"��ì. �â½n5, 6,
�±�½¤�O�ÑÑ�"��ì�T-S�
é
��.|¤�4���XÚ´­½�.
��, 3�«Ð©^�e, éª(15)¤«��

þ¬–��–{ZìXÚ?1O�Å�ý, �y

æ^ÑÑ�"��ì�4�XÚ3�«Ð©

^�eG�Ñ´­½�. ã3!ã4�Ð©^�
�x0 = [−1 − 1]T,x̂0 = [−1 0]T�XÚ�G��
A­�.

ã 3 G�Cþx19Ù*ÿ���A­�

Fig. 3 State and estimated state responses of x1

ã 4 G�Cþx29Ù*ÿ���A­�

Fig. 4 State and estimated state responses of x2

5 (((ØØØ(Conclusion)
3)ö±céIO�
©y�½ÂÚc�C

þæ^IO�
©y��
XÚ5��ïÄ(

J[12,13] Ä:þ, �©JÑ
�«T-S�
XÚÑ
Ñ�"��ì­½5©ÛÚ)Û�O�#�{.
TÑÑ�"��ìd�
G�*ÿìÚ�
N!

ì�¤, 3�O�æ^
²1©ÙÖ�{Ú�5
Ý
Ø�ª�{. �± ��{[7∼11]�',�©J
Ñ�­½5^�¿©|^
�
5Kc�Cþ�


äáÝ¼ê�(�&E, �I3����U5
K|S©OÏéú���½Ý
, ~�
­½5
�½�{��Å5ÚJÝ. ÏLé����5�
þ¬–��–{ZìXÚ�ÑÑ�"��ì��O
ÚO�Å�ý,�y
�©�{�k�5. du�
Ì¤�, �©�?Ø
ëYT-S�
XÚ!lÑT-
S�
XÚÑÑ�"��ì�­½5©ÛÚ)Û
�O�{�±��d�©�ïÄ(JU��Ñ.
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