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Robust H« Filtering for a Class of L PV Systan swith D istr ibuted
Delays

WU L i-gang, WAN G Chang-hong, GAO H ui-jun, ZEN G Q ing-shuang
(Space Control and Inertial Technology Research Center, Harbin Institute of Technology, Harbin 150001, China
Corregpondent: WU L i-gang, E-mail: ligangw u@hit edu cn)

Abstract: The robust H « filtering for a class of continuous-time linear paraneter-varying (L PV ) systansw ith
distributed and discrete delays in states is studied Based on the paraneterized linear matrix inequality (PLM 1)
method, a delay-dependent sufficient condition is proposed for the filtering error systam, w hich guarantees robust
asymptotic stability and a desiredH - noise attenuation level ¥. By gpplying the Projection L enma, and introducing
ome slack matrices, the L ygpunov matrices and the system dynamic matrices are decoupled Furthemore, the
existence condition of delay-dependence for the robust H « filter is al® established, and the admissible filter can be
found by slving a group of linear matrix inequalities(LM 1s). A n exanple isprovided to demonstrate the feasibility
of the proposed filtering schene

Key words RobustH « filtering; L inear paraneter-varying (L PV ) systens Distributed delay; D elay-dependent;
Paraneterized linear matrix inequalities (PLM Is)
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H e . , e(t) =
A(e(®) + An(rKe(t- h(r)) +
H Y Ahz(r)»f[ Le9ds+ B(Nw(),
[10] ) (4)
z(1) =
' c(r)e(t) + Cu(r)Ke(t- h(r)) +
He Chz(r)}j’ e(s)ds+ D (r) w(t).
[7]
e(t): = ool{x(1),x: (};
z(): = z(t) - x: (b);
' — \\ A (r) 0 |
2 Al = [Bf(r)C(r) Af(r)]’
L PV :
X (1) = A (r): = [ An (1) )]
Ax® + An()x(t- h(r) + B;(E))C“"(r
t S | . = r .
AhZ(r]’ v n(r(‘))x(s)ds+ B (r) w(v), B(n: = |:Bf (r)b (f)} ’
y (1) = c(r): =
C(r)x(t) + Cn(r)x (t- h(r)) + [H()- Di(NC() - C(D];
(1) Cni(r): =
ChZ(r]’ w985+ B DY, Hun(r) - Di(Cuh(r),j= 1,2
z(t) = D(r): =L (r)- D¢(r)D (r),
H(r)x (1) + Hu(r)x(t- h(r)) + K: = [I 0] (5)
Ho(f  x(9ds+ L (1) (D), : : (1),
].t- (r (1) (3) H o ,
x(t) = R, Vt [~ G, 0]
) i , (4)
x(t) R y( R -
z() R° “w()  RE J :J-O [z ()z(t) - Y (H)w()]dt< 0, (6)
AC),An(*),An("),B(*), Y> 0
C()Chl()ChZ()D()H()th()HhZ() .
L (*) h(*), "(*) r(t) : 11201 Im RrR™"
M N
0< h(r) € < o, W
0< h(r) < 6i< L Vg I+MW™N + NWM < 0 (7)
0< Mr) < &< o, :
0< M < &< 1,Vt (2) NV IINw < 0, NNIINw~ < 0, (8)
: r(= [ra(0,r2(), (] Nv N M N
ri (1) () [rirl, ri(t) 3
= T (1) [_1-i,1Ti]. 5nax:max{61,52},¢(') c" 31
[- &hax, O] ) , (6)
r ri r(t) ri (t). :
H o : 1 (4), Y>
xi (1) = A ()x: (1) + Br(r)y (1), 3 0 &>06&,>0 (2,
z () = C()xi () + Dr(r)y (1) P(r) R™™, Q.
xi () R" ,zi (1) RP R™"Q. R™"™ z R™",
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[Qu- K'ZK Qu+ K'Z P(Aw(r)
* Q- Z 0 Ww+wT?) PR)+WTA() WAM()
* * - Q2 * - P(r)+ T2 K’z
* * * - * * Q- Z
P(NB(r) C' () OS6AT(NK'Z] . . .
0 C_r|1—1(r) &A_rfl(r)KTZ * * *
0 Cr(r) SAR(NK'Z <o (9 WA (r) WB(r) 0 W' SK'Z
T LY D) SBT(NK'Z ’ 0 o &m0 0
« o 0 0 0 Cra(r) 0 0
* * - Z i A\ 3 QZ 0 Cﬁh-z(l’) 0 0 <0
_ * YI D'(R) 0 0 ’
* * [ 0 0
’ ) | L2[0), . . © S PM 0
(4) (6) H © * * * * Z_
Qi = (10)
P(NA(r) + AT(NP(r) + K'Q:K + _
&KTQzK + Z (T.EP/a.), ! w(t) LZ[O'OO)’
- (4) (6) He
Qi = P(r)An(r); T =
22. —
0 =« (1o 3 7o KQuk + BQuk +
, Z (TP /ar).
L yapunov-K rasovsKii (10) 1 7x 7
V(): = Vi(t) + V(1) + Va(t) + Va(1),
V(D) = I+MWN +NW™ < Q (11)
e ()P (r)e() +J' e (9K QK e(s)ds,
t- h(r) -
Va(): = o rW 0
t t t * P(r) + T2 K'z
It_ 52.[ SeT(G)KTdG]QzJ'SK e(e)de]ds, . . Q- 7
Va(D): = IL == . -
Ijz s(9- t+ s)e' (OK Q2K e(6) déds, . . .
Va(t): = r e (K "zK e(6 db&ds -t ¥ ¥ -
:P(r) > 0,0:> 0,Q2> 0,Z> Q 0 c'(r) 0
(9) L yapunov 0 0  Cnlr) 0
(9) r(t) —- Q2 0 Cna(r) 0
[10] * YI D'(r) 0
* * - | 0
' * * * P(r)-
2 (4), ¥y> N:=1[I 0 0 0 0 0 0],
0 &> 0,&>0 (2), M: =
P(r) R™™ Q1 [- 1 A(r) Am(r) An(r) B(r) 0 I]
R™™Q. R™"Z: R™" w  R™ N M N~  Nw.
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000000 o 0 R' T 8z
I 00 0 0O Bar 0 s’ T 0
01 00O0O 0 B 0 0 0
Nxi=|0 01 00 0, o - c& o o 0
0001 0O 0 B 0 0 0
00001 0 -0 Ee 0 0 01<0
Lo 00 0 0 | Yoo e 0 0 0
A Au() Aw() B() 0 | " ' 0 0 0
| 0 0O 0 00 ) ) Pul) - Pul) 0
0 I 0 0 00 et o
Nw: =] 0 0 | 0 0 0. ‘ (14)
0 0 0 I 00
o 3 WRNYNE B = Pu() + R'A () + Br(NC(),
- NN 0 (11(; 0 B = PL() + STA () + Br (NC (),
N TIN < 0, (122) 8 = - Pul)+ Qi+ 0Q:+
NZIINY < Q (12b) Z (TEn/a).
Schur . 12(a) (9) 1 = _
e s | B = Pl + K10
12(b) 2@ ., Bo = Pz(r) + Ac(),
T(r): = [l\(l)“; ﬂ (13) Haa = - P_lz(r) + Zl (17a3_12/a'i),
r(r) (10) Ba = - Pal(r) + Zl (TP /1),
: (10) Q) B = RAm(r) + By (NCw(r),
: 1 ©. B = SAm() + B1(DCm(r),
E;;)) " O (4) B = R'A n2(r) + B__f (r)Cn2(r),
32 He Bx = S'A n2(r) + B+ (r)Cn2(r),
) , H Bir = RB(r) + B (r)D (1),
B = SB(r) + B: (r)D (),
3 (4). Y> Ha = H T(I’) - C’ (I’)D_fr(l'),
0 &> 0 &> 0 2. Bse: = Hm(r) - C-Igl(r)D—fr(r),
FT(r) R 2™ 2 Q. Hes: = H Ez(l‘) - Cﬁz(r)D_fr(r),
R™" Q> R™"Z R™" R R™S Br: = L' (R)- D"(r)DT(r).
R™™T R™MA«(r) R™"Bi(r) R™™,Ci(r) (4) H o
R”™"D:(r) R"M, , (14)
[- R- RT S- T' Bi Bu &s B , :
* - T- T Bx Bu B Bos [Af(r) Bf(r)] A
* * Hzz Hu z 0 Cs (I‘) D¢ (I‘)
) . ¥ Ba 0 0 [T'l ()][A_f(r) Br(r)
. . e e 0wz 0 N D_f(rJ. (15)
L e o
. . . . . (4) () Ho
. N . o« " " , 2 ,
. . « . . P(r) R™™, Q: R™"Q2 R™",
L * * * * * * Z R™" W R (10)
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P(r) w ; (14)
A P1(r) Plz(r;:| Wiz W , (3) y(t)
P _|:P12(I’) P (r , zi (1)
[Wl Wj Toy =
w 4 . (16)
Wa W Ci(r)(sl - Ac(r)) Bi(r) + Di(r). (22
Wz Wy (21) (22),
I 0 =
cbé[ - ] (17) Ty =
0 VX?’]W o Ci(r)(sl - Ai(r)) B:+(r) + D¢ (r) =
P(r) & [El(r) P_lZ(rﬂ = IP(r)d (18) Cr(rWiaWs(sl - Wa'Ar(WaWws) ' x
-Plz(r) P (r Wi'B: (r) + D, (r) =
¢ . deg{® @l 11 1LB1} (10 G (sl - T A (1) T8 (1) + Dy (r).
(23)
®< 0, (3)
W b= [ TW1T WfW:”iNj (159 .o
WMW3s3Wis WW3 W 4
dK'z = [ﬂ (1) L PV
PW A (o= o: 1+ Q2
WiA(rH WA (W3 W A= [ 2 - 3+ olrj’
W B« (r)C(r) Q 2r, Q1
WEWéTWZA(rH WIA (DWW . Anlr) = [ Q2+ Q1lr - oj
LW 4B+ (r)C (r) Q 2r. Q1
W A (1) = An(r) = { 02+ Q1 - oj
WIAhk(I') + W iB+ (r)Cm () } - Q6+ Q1n
LW IW 3 WA w(r) + WIB( (r)Cuc(r)) B (r) = [ 0 21, }
q’TWTBT(r): ] C(n=1[- Q8+ Q2n Q2- Q1n],
TW-1:3 (:) + W 4B+ $I‘)D (r) >:| Cu(r)= [@6- Q1 - Q3- Q1rn],
LW W 3 'W 2B (r) + W 4B« (r)D (r Cro(r) = [- Q2+ Q1rn Q8- Q 2],
ecm= H()=[02- Qln - Q1+ Q2n],
H (r) _TC_T(r)TDf(r)i| k= 1.2 (19) th(l’): [- Q2+ Q1. Q3+ Oll‘l],
- WaWs 'Cr (r) Hwe()= [Q1+ Q2n - Q1- Q2n],
. - D(r)= Q2+ Q1r,L (r) = Q3+ Q2n.
[A_f B_f (r)} A cr(t) = sin(t) r2(t) = |oos(5t) | 2
() D (r) _ n( [~ 1,1],r2(0  [- 5 5]
[ HAf(r) Bf(r)] [W3W4 fﬂ h()= (), ()= &nt), &=
0 HLci(r) ci(r) 0 H 15 &= 10 )
RAW:L,S AWW3iW 4T AWIW3W.s [7] , 3
(20) (14)
(16)  (20) ®< 0 (14). .
(16) K
[Af(r) Bf(r)] A Y (r) = Zlfi(r)Yj> 0 (24)
Ci(r) D+ (r) - :
|:W21T (?||:A\_f (r) B’_f(r)] |:W211\N3 (?| fa(r) = 1,f2(r) = ra(t),fa(r) = r2(t). (25)
0 HLCi(r) Di(n) 0 H A=15 &=10 M atlab
(21) LM I-Toolbox 3
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Y= Q650 |, ,
_ [- 23253 - 2924j , H o
A= 1. 32505 - aead’
— [ aow0 OJ ,
Bio= )
L- Q223 H o
_ [ao0179 00792] L PV
A= laoso o278
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