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Abstract: The observer-based control problem for a classof linear paraneter-varying systen s of neutral type is in-
vestigated U sing thel ygounov method, a delay-dependent criterion for asymptotic stability is achieved in tem s of
parameterized linear matrix inequalities T he design of admissible gain scheduling controllers and state observers is
cast into a convex optimization problen. A numerical exanple isprovided to denonstrate the feasibility of the pro-

posed gpproach
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x(t) - Ex(t- h) =
A@O)X @ + An(PD))x(t- o
h) + B (Pu(1),
y(t) = C(P())x(1).
x(to+ 6= KO, VO [- hO0] (2)
cx () R" Ly (1) R®
u® R %) [- h,
0] ,h> 0 .
A(*),An(*),B (*),C(*) p(*)
P(t)= [P(t) Pa(1)
P01 pi (1) Py [&,P],
T(Y) [T T, @ (P),B (P))
A (P),c(M) .
p P O AG)
(1)

B(Au(® +LAy®)- cx®],

{i () = A DKW + An(D)K(t- h) +

XN(to+ 6): O,VG [- h,O];

K (P)x (1).
K (P)

u(t) = -
x() R"

e(t) = x (1) - x(1).
e() = AP - L(AC)e() +

An(Pe(t- h) + Ex(t- h).

x (t) - h) =
A (P)x (@) + An(P)x (t-
h) + B (P)K (P)e(t)

Ex (t-

A=A - B(MK ().
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1 (D h,
P(P) R(P),
Q1,Qz2 S, Yi Wi(i= 1,2,3),
Hz,
[Tu(P) Tw2(P) T P(PE 3P (P)B (P)
* Tz Tz 0 0
* * Ts 0 0
- 1+ 3E'E 0
- 3l

* * * * * * *
* * * * * * *
* * * * * * *

* * * * * *
* * * * *

M) 2M (D) 2M (P hY: HW.
20(P 2nAR(P) 20AR(P)  hY: HW»
0 0 hYs HWV 3
2hET 0 0 0
_ 0 0 0 0 0 <o
21 0 0 0 0
* 2hpsl 0 0 0
* * 2hpsl 0 0
* * * hl 0
. . . < opd
(9)
(21 (P) R(MANP) R P(PB (P
* S 0 0
* * | O
* . * L
AN (P) 30N (P)  4hN (P)]
0 0 0
0 0 0
< 0 0 0 <Q (10)
4 0 0
* - 3hual 0
* * - 4dhuoH
(6) .
Tu() = P(PAA (D) + AT(PAP(P) + P(P) +
Qi- Yi- Yi- Wi- WI,

TC2(P) = P(DAWP) + Yi(E+ 1) -
Y2+ Wi- Wi,

Fs=- YiE- Yi- Wi,

F2=Qz2- Qi+ Y20E+ 1)+ (E+
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DTY2 + Wa+ W3,
T= (E+ 1)TY5- Y:E+ W3,
Fa=- YsE- E'Y:- Qo
M (P)=AT(P)+ P(PB(NBT(P),
Zu(P) = R(MDA (P) + AT(PR(P) +
S+ R(P) - 2cT(PC(P),
N (P) = P(P)B (PBT(P).

W) =A (O)x ) + An(P)x (t-
h) + B (K (Pe(y), (11)

J-I-h(X((X)- Ex (a- h))da:‘r:_ () dox

x (1) -
I I (o) do (12)

(E+ 1)x(t- h) + Ex(t- 2h) =

Lyapunov  V (x) = Zslvi(xt).
Vi(x) = x" (P (Ax (1),
Vi) = [ X7 (@Qux (o) do,
Vo) =[x (@@ (.
Va(x) :I X (@) () do,
Vet = § [ | (@ Cadcouip
Vie(xy) = goj' ;+ﬁxT(0<)x (o) dod B,
Vi(x) = € (DR (Pe(y),

Vit = [ & (@Se(o) da

P(P),Q:1,Q2,R(P) S & €&

(12)  Newton-L eibniz
x(t- h) = x(t)-ﬁ x(Bdp.  (19)

Vi) (=12 ,8) (6)
Vi(xq) =
x" (P Ox () + 2" ()P (P)[A (Ax (1) +
An(Px(t- h) + Ex(t- h) +
B(OK (Me()]+ 2[x ()Yi+ x'(t-

Yo - 2l LS

x(t) + (E+ 1)x(t- h)- Ex(t- 2h)]+

2[xT(OW 1+ x (t- h)Wz2+ x' (t-

2h)W3]II_ X(BdB- x(0+ x(t- )],

Valx) = x"()Qux (1) - x'(t- h)Qux (t- h),

Via(x) = x"(t- h)Qax(t- h) - x'(t-
2h)Q2x (t- 2h),

Valx) = x (Ox () - x"(t- h)x(t- h) =

[AOx() + An(Px(t- h) + Ex(t- h) +

B (AK (P)e(® ] [A (Ax (1) + An(Px(t-

h) + Ex(t- h) + B (MK (Pe(t)]-

x"(t- h)x(t- h),

Vib) = GhTOTD - | T@TUDdus

ah[A (P)x (1) + An(Px(t- h) +
B (MK (MNe(®) ] [A (P)x (1) +
An(Px(t- h) + B(AK (PMe(t)]-

W 1@ o | Rl
Ve(x) = ehx” (0x (1) - ﬂ’ X (@ x (o) doe=

eh[A (P)x(t) + An(P)x(t- h) + Ex(t- h) +
B(AK (Me®][A (Ax () + An(P)x(t- h) +
Ex(t- h) + B(AK (Pe(t)]-
o  x (@) do) [ (o) daf,
V7(xy) =
e (DR (Me(t) + 2" (DR (A [ A (P) -
L(PMc(P)e(t) + An(Pe(t- h) + Ex(t- h)],
Ve(x:) = € (t)Se(t) - € (t- h)Se(t- h).
V (x4
2Ty | X'x+ XYy, (14)
A> 0 X y
(14),
2" ()P (PB (AK (Pe(t) <
x"T(P(PMB (ABT (AP (P)x (1) +
e (DK (AK (P e(t),
- 22" ()R (PMEx (t- h) <
x"(t- h)E'Ex(t- h) + € ()R (AR (P e(t),
- 22" (WK (ABT(MHEX(t- h) <
x' (t- h)E'Ex(t- h) +
e (VKT (PBT(PB (A K (Me(t),
- 22" (KT (PBT(AA (P)x (1) +
An(Px(t- h)]<
x'(t- NALPOAP)x(t- h) +
x"T (AT (DA (P)x (1) +
2" (K (PBT(AB (K (P e(t).
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a(xe, o, ) =
[x"() x"(t- h) x'(t- 2h) - K M
cx(t- h) T@ xP1, P(P) = Zlfj(P)P,~> O,R(P) = Zlf,-(P)R,-.
(@) = [e() e (t- h)], (16)
r) = (9), (100 (16)
Tu(P) Tw() Tis PME hY: HW,
* T2 T2 0 hY 2 HW 2
* * T 0 hY3 W 3 N
* *  Tu 0 0 .
. . * *  _ h 0 2 (9), (10
\ . . ——_— (16).
AT [AT0]T u s
Av(O]| AR :
2(1+ eh+ eh)| ° . min pa(or w2) s t (9), (10), (16),  (17)
0 0 (1)
0 0 ®)
L o dL o 4
Z(p) = [pr) SAh(Sp) , L PV
In(p) = _ x (1) =
R() + R(VA (D) - L(OCHA) + 5+ A PIT
@ - LECE)RE) + RARD) + 1 - 1+ 030
P (DB (ABT (AP () + (4+ 3ah+ [0 3+ 0.10() 02 )]X(t'
46h)KT (PBT (A)B (MK (D), Q2 Q3+ 0 1°(t
i“n(P): h) + [001 Ool]x(t- h) + [gju(t),
PP+ PPMA P +AT(PP(P) + Qi- i
Yi- Yi- Wi- Wi+ P(PB (PBT(P)P (P), z(t) = ux(t).
Taw=- 1+ (3+ 2eh)E'E. P = sin(D)
o Py [- 1,11,P() [- 1,1]
V() < J]’I 6l 6, 0 AT (D u(x., &, B) %
dodB+ o (e) Z(P) gz (e). 15 ' [4]
e Bl/&f’uz(:) 1(/62,‘” (S)Cm” [Qf’ ) (0 = 1200 = P(0).
7 (8. @  (10) ) < P(P) = Pr+ P()P2,R(P) = Ri+ P(DR:
0,%(P < a 9x
(9) 3ETE + 2hu; 'ETE - 9 , 4 004 7,
1< 0
] | K(P) =[- 16462 1 4402]+
EE< Sy o< " P(t)[Q 3675 - Q 876 5],
[10] 1 [ Q 000 2- Q 004 3P (1)
L (P) = -
O - Q0165- Q 001 0P(t)
1 . (9 (10 - 04911- Qo001 op(t)]l[1 1
[2, Q 022 1- Q 006 6P(t) '
4]

" ; ui= 2 9646x%x 10, u2= 2 473 9% 10"
f,(P),
Zl (P) Hi M2 L yapunov



12 : L PV

1391

1 (17)
1
h M1 M2 K (P)
1 30440 2 995 2 K1(P)
2 8 7630 8 651 4 K2(P)
3 31 3570 31 1050 K3(P)
35 79 861 1 79 277 8 Ka(P)

Ki(P) = [- 25352 22301]+
P()[Q 2689 - Q 847 0],
Ko(P) = [- 21127 1 7373]+
P()[Q 2508 - Q 849 5],
Ks(P) = [- 18427 15741]+
P()[Q 3344 - Q 888 8],
Ka(P) = [- 17360 15015]+
P()[Q 3532 - Q 8838]
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