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Abstract The robust fault detection filter design problem for state-delay systems with

disturbance is studied in this paper. By combining the appropriate input/output channels, a

performance index is introduced, which simultaneously takes into account the robustness of

the fault detection observer against disturbance and sensitivity to faults. The observer-based

robust fault detection filter problem is formulated as an H∞ optimization problem. Using

linear matrix inequality techniques, the solvable condition of this optimization problem and

further the solutions are derived. Finally, the validity of this approach is illustrated by a

numerical example.
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4 � �qHQ	G�(NK	�~���qyd�'#B:pl 625FA(3EM-1e�+0℄�),Z/\�Æ/�zI*A	�-1e	o\{�/�7MRh
\0℄�),Z/Mr�&l��k3EM-1D3Ae	o\{�/�O=�3AA9F/���ozIr��Æ/�{�/�e=�3Ex4g)zMnk[5∼7]
,t8ONvRk��,��k�H∞/H∞ ��kI5 H−/H∞ - j�kO�Fr&O�ÆA4
h�/I)��|
�he^I��|M:Z*")C9�[^L;M�|)i��M`\)z7aM),Z/�I��"�O=�e),ZI��|�Æ	owbM:Z`\AMg6>���7LM��	ve0℄),ZI��|�n9F�'M�|A9/����:Z0^�l�/"M�Æ	owb�&"MA9�o�=/�����zI	�-1e0℄�),Z/M�Æ/I5e	oM{�/�z�oR?hM-NI5�/"^z�#�&" (Post-filter)^zM(RnkI�/^z)ON (LMI) M-N�9�qsft>}x�	knnkM\$/�

2 qÆ^f�8��ln7℄M�/),ZI��j�|
{

ẋ(t) = Ax(t) + Adx(t − h) + Bu(t) + Bff(t) + Bdd(t)

y(t) = Cx(t) + Du(t) + Dff(t) + Ddd(t)
(1) 
�x ∈ Rn, u ∈ Rp � y ∈ Rq v!��|�l�j�Y9�/wY9 w�f ∈ Rl �3AwbM	o)� w�d ∈ Rm �),Z/0℄)� (�mG��1)���+0℄�V�)BM#	o)�O), %)GF/A d � f � L2 ma\T)��A, Ad, B, C, D, Bf ,

Bd, Df � Dd �SG�aMH�^z/ w�h > 0 �I�4a��	MW8�M0^�l�/"M	owb�&"










˙̂x(t) = Ax̂(t) + Adx̂(t − h) + Bu(t) + H(y(t) − ŷ(t))

ŷ(t) = Cx̂(t) + Du(t)

r(t) = V (y(t) − ŷ(t))

(2) 
 x̂ ∈ Rn � ŷ ∈ Rq v! P�l�Y9M�9��ZM e(t) = x(t)− x̂(t), iK-1�|n7�
{

ė(t) = (A − HC)e(t) + Ade(t − h) + B1w(t)

r(t) = V Ce(t) + D1w(t)
(3) 
 B1 = [Bf − HDf Bd − HDd], D1 = [V Df V Dd], w(t) =

[

f (t)

d(t)

]

.�	:ZMÆA�o��(�l�/"mN^z H �#�&"^z V , M A−HC FX
Z%�B%8�/���
J = ‖Trf‖∞ − ‖Trd‖∞ (4) 
 Trd � Trf v!�0℄)� d �	o)� f H-1)� r M;U�a�[ J → max iK

‖Trf‖∞ → max � ‖Trd‖∞ → minO=5W (4)  ��Æ	owb"A9Y%M/����i	�3EM-1e	oM{�/I5e0℄M�Æ/�
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3.1 5%IP�BE!C�=A l = m. L;>�; l > m(/ l < m), H Trd(/ Trf) � d(/ f) nn� T̃rd = [Trd φl−m](/ T̃rf = [Trf φm−l]) � d̃ =

[

d

φl−m

]

(/ f̃ =

[

f

φm−l

]

), iK9z�MO�� 
 φ  Pz^z�:Z8�M;U�a
T , LTrwR = L[Trf Trd]R (5) 
 L ∈ Rn×n � R ∈ R2l×l �Y9Y9wI5k^z�5k L = In×n, R =

[

Il×l

−Il×l

]

, l\ T = Trf − Trd. e^AZM β > γ > 0, \
‖T ‖∞ = ‖Trf − Trd‖∞ > ‖Trf‖∞ − ‖Trd‖∞, ‖T ‖∞ > β − γ ⇒ ‖Trf‖∞ > β�‖Trd‖∞ < γ (6)

T keSM�|�
T

{

ė(t) = (A − HC)e(t) + Ade(t − h) + B1Rw(t)

r(t) = LV Ce(t) + LD1Rw(t)
(7)O=�	owb�&"MA9iIw�(R8�M�Y%�o�6

max
γ,β,H,V

(β − γ) e_uD�(6), (7) (8)h ‖d‖2 6 N(N �H�M|a) uD��i5k!�� Jth = γoptN(γopt � γ M�Y�), $0^I��3Æ�wb	oMjE�
‖r‖2 > Jth ⇒	o)��A/H ⇒�Y
‖r‖2 6 Jth ⇒Æ	o)��A/HhL;�7
�I? t )i�*HÆ'B�O=W ‖r‖2

2,T =
∫ t2

t1
rTrdt( 
 T = t1 − t2) oDt ∫ +∞

0 rTrdt.` 1. e^ (5), ;5k L = In×n, R =

[

Il×l

φl×l

]

, l�Y%�o (8) :ZMR-1e	oM{�/�o
;5k L = In×n, R =

[

φl×l

−Il×l

]

, l�Y%�o (8) :ZMR-1e0℄M�Æ/�o�` 2. N (6) `\FZM�W/�h(R�BM β ��#M γ I�,WMnk�Z 
MF�/����(R}F�/���M�Y��i. (6) \�W/�F3.`\|=)j� β/γ M W�` 3. e^�Y%�o (8), DiI)P9 β � γ h�L(R�F�	MWMnk\I�YW�(KM�Y γopt iWoA9A/	oM!��h%�� β/γ iIWo�>	owb�&" (3) /�M�)�
3.2 =#0WY+?&BD6���9(R�Æ	owb�&"�oM LMI Rk�V��98�Pr�
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[8]

. �Z γ > 0, 	� DTD − γ2I > 0, e^�|
ẋ(t) = Ax(t) + Adx(t − h) + Bw(t) (9)

y(t) = Cx(t) + Dw(t) (10)8�?he5|Z^z P � Q, 	�8� LMI





−ATP − PA + CTC − Q −PB + CTD −PAd

∗ DTD − γ2I 0

∗ ∗ Q



 > 0 (11)l�|FX
Z�%	� ‖y‖2 > γ2‖w‖2,  
 ∗ �^zMe5��8�Zr�9x�	MÆAO��*< 1. e^�ZM β > γ > 0, 8�?he5|Z^z P , Q � Z, ^z Y , 	�8�M LMI




Ξ1 Ξ2 −PAd

∗ Ξ3 0

∗ ∗ Q



 > 0 (12)lz�Æ	owb�&"A9�oiR%eSM�/"mN^z� H = P−1Y , #�&"^z� V = Z1/2,  
 Z1/2  P^z Z Mdn�vR�Ξ1 = −ATP −PA + CTY T + Y C +

CTZC −Q, Ξ2 = P (Bd −Bf )+Y (Df −Dd)+CTZ(Df −Dd), Ξ3 = (Df −Dd)
TZ(Df −Dd)−

(β − γ)2I.\A�HPr 1 
M A, Ad, B, C � D v!W A − HC, Ad, B1R, LV C � LD1R tD�$~ Y = PH , Z = V TV , L = In×n, R =

[

Il×l

−Il×l

]

, e^�| (7) SWPr 1, iI6KMK9�ZrM}��>�� �h γ > 0 � β > 0 �ZMuD��Zr 1 I LMI M-N�9x0^�l�/"M�Æ	owb�&"R?hMuDI5mN^z H �#�&"^z V M(Rnk�AKH�oM�YRiIyYDXWZr 1 MO��
4 suhvf�8��j	o�|

ẋ(t) =

[

−2 1

−1 −1

]

x(t) +

[

0.2 0.1

0.3 0.1

]

x(t − h) +

[

0.4

0.5

]

u(t) +

[

0.2

0.3

]

f (t) +

[

0.1

0.1

]

d(t)

y(t) =

[

1 −0.01

0.1 1

]

x(t) +

[

0.1

0.26

]

u(t) +

[

0

0.4

]

f(t) +

[

0.1

0.2

]

d(t)SWS 3NU�M LMInkA90^�l�/"M�Æ	owb�&"�|�* β = 1.58,sW Matlab 
M LMI �`�(R LMI(12), iK γ M�#�� γopt ≈ 0.5, �SM�l�/"mN^z�#�&"^z�
H =

[

−1.6916 0.2134

−0.0741 −0.4886

]

, V =

[

1.6544 −0.0231

0.0000 1.6715

]



628 � ` ( 9 � 32=A ‖d‖2 = 0.8,l!�� Jth = 0.4. AI�4a h = 0.5,Y9�E�Mf)���+0℄��w 0.01M�jD�	o�> 5 �H 10 �ME�n&)��sW Matlab 
M SIMULINKW.qs�kKO�8��

� 1 SIMULINK rtP�
Fig. 1 SIMULINK Results 
� 1(a) P�+0℄)��� 1(b)� (c) P3EM-1Y9)� r = [r1; r2], � 1(d) P-1�>�a ‖r‖2,T , >� 1(d) 
iIe9�‖r‖2,7 ≈ 0.5 > 0.4, D℄Rh	ojE

2 �#�Y�> SIMULINK qsO�iIe9��	n9MnkRi.�\$M�
5 Q`�	:Zx`\),Z/0℄M�lI��|M�Æ	owb�&"A9�o�w�eY9 / Y9wIM� �+�P9F�'M/����zI��3EM-1e	oM{�/�e0℄M�Æ/�H	owb�&"A9�o�%6� H∞ Y%�o��9x�Æ	owb�&"A9M LMI nk�sW Matlab �`�
M(R"iIn�R(R�$WqsLt�qsO�>}x�nkM\$/�
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