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Abstract: Feedforw ard and feedback suboptimal control for linear system sw ith state time-delay affected by additive
sinusidal disturbances is considered A sequence of non-delay systems isconstructed, w hich uniform ly converges to
the original system w ith tme-delay. Then theoptimal control for the original system is transformed into an optimal
control sequence for non-delay systans By using a finite tem of the optimal sequence, a feedfomw ard and feedback
suboptimal control lav isobtained The algorithm of slving the suboptimal control lav isgiven Smulations show
that the result ismore robust with regect to additive sinusoidal disturbances than that of the classical feedback
optimal control
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o . m JI ;(XTQX + uRu)dt (4)
' u (), t= 0, J
[12,13].
[14.18] x(t) = A (t)x(t) + Ax(t- T+
(161 f(t,x,V, v) 0< t< t; (5)
x(t) = H,t - T,0]
A () R™M Ot o f t, X,V
[10,11] . {Xk (t)}
xo(t) = ®(t,00H0),0< t< t;
e xi () = @(t, 0)RO) +
I;Cb(t, r) [A1Xk-1(r- T) + (6)
f(r,xe 2(r),v(r),v(r))]dr,
0< t< #,k= 1,2,
xk(t) = RKHt), - 1< t< 0,k= 0,1,
® (5) A (1)
1 (6) (5
{xx (1)} c'[- Tt]
2 (6)
()= Ax() + A (- D+ e A
Bu(t) + Dv(D). t> O (1) f(r,xo(r),v(r),v(r))1dr (7)
x() = Hy),t [- T0]
xR ‘u R’ Cy 0<r<p< I &, )l =M, Sup I H)II =L,
R™ ;ALAL,B,D Al =N,
; Ht) , T> 0 OssuLpthI f(t,xo(t),v(t),v())Il = H,
\
vi(t) oasin (it + $4) I (6 (0), v (), v(D) -
va (1) oesin (wpt + Yh) f(t,xe 1(0),v(@),v®))Il =
v = | = ; . (2 FIxe(® - xe 1O k= 1,2, (8)
Vim (t). omsin (ant + Yh) I ®0,00I =11l =1, M=1
w(i= 1,2, ,m) : I xa() - xo(0)l SI;(M AN + MH)dr<
- < W< w< < wh < T (3) MZLN + H)t )
o Y(i=1,2 ,m) .ol
=12 .,m)

I x2(t) - x() <

M N + F]’;II x1(r) - xo(r)ll dr<

t
M N + F)M2LN + H]’Ordrz
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M3 N + F)LN + H)‘tz‘, (10)

I xw1(t) - xc()N <

k+ 1

S S

M*ZN + F)LN + H) K+ DI (12)
. j
Il Xk+j(t) - Xk(t)” <
Il Xk+j('[) - Xk+ j- 1(t)" + +
I xw2(t) - xc()I <
(LN . H) Z'k M i+2(('i\|++1)|:!)iti+ls
LN _+ H)('\él_l:z{)N! + F)ktk+1év| (N+F)t’ (12)
]
k|[T0]°|| Xkej - X«ll = Q (13)
{x«(1)} C"[- T ] Cauchy
(5) . O
(1) (4)
x() = Ax(t) + Ax(t- T -
SA(t) + Dv (1),
- A = Ox () + ATA®Y) + (14a)
AlA(t+ D,
u() = - R BTAM),t> O
x(t) = Ht), - T< t< 0
{A(m) 4 (14b)
S=BR B" (14)
(14)
KX'k(t) = Ax(t) + Axe 2(t- T -
SA(t) + Dv (1),
- X)) = QTxk(t) + ATA(Y) + (150)
Ak 1(t+ T,
u(t) = - R BTA(),
t> 0, k= 1,2,
xk(t) = Ht), - T< t< 0,k= 1,2,
A(0) = Q
(15b)

xo(t) = 0, 2(t) = Q

1 (15)
{uc(t)} 1 @
u” (b).

A(t) = Puxk(t) + Pav(t) + Pave(t) + gk(t),

t> 0,k= 1,2, (16)
Vo(t) = - Q[vl[t- Ezj ,Vz[t' Eﬁj ,
vm[t- j{fﬂ] , (17)
Q= Diag(w, up, , th). (18)
(16) , (15)
Pi, P2 Ps

PA + A'Pi- PiSP1+ Q= 0,
AP+ PD - Ps¥- PiSP.= 0, (19)
A'Ps+ P.- PiSP3= 0
gc(t) = (PiS- AT)gu(t) -
PA X 1(t- T) -

ATA (L4 D, (20
gr(0) = 0,k= 1,2,
(19) 1 P: Riccati
P (19 2
3 P, Pa
(16), xo(t) = 0, 2(t) = 0O,

g:(t) = Q (16) (20)

ge() = (PS- ANgu(t) - PAx1(t- D -
APk 1(t+ T - Alge 1(t+ 1) -
AP (t+ D - AlPave(t+ 1,

gi(o0) = 0,k= 1,2,

(21)
(16) (15a) 1 , k
xk(t) = (A - SPy)x«k(t) +
D - SP2)v(t) - SPavu(t) - (22)

Sgk(t) + A 1 Xk 1(t- T),
xc(t) = Ry, - 1< t< Q
(16) (15a) 3 k

ue (t) = - R lBT(F’1Xk(t) +
Pav(t) + Pavol(t) + gu(t)). (23)
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1 . (21 (22 {oc (D)}, . g« (1)
{x«(D)} , (23) {uc(t)} - gu(t) =
{gk(t),{Xk(t)} . k - o - 4123lgk(t)+ 5 1231Xk-1(t- 1)+
{x« (1)} x " (1) 5 123 Ixw 1(t+ 1) + g 2(t+ 1) + (3D
{uc()} u” (1) Q987 7v(t+ 1) + Q 2395v(t+ 1/4),
. O gk(0) = 0,k= 1,2, ,N.
1 )
2 (1) (4) (29) J = Q 714 49,
(30) N = 1,
u () =- RRBT(Pwx(t) + 2,3 Ji= Q35300 J2=
Pav(t) + Pave(t) + ge (1). (24) Q 32899, Js= Q 326 24 o= Q 01,
1P1, P2, Ps (19 ve ‘J—Zﬁa‘: Q0084< @ us()
17 P Qe 21
(17) ge (1) (21) (27) (28)
1 2
» (1)
; oy COTO (30 (
(1) N ) N=3 u X
Un (t):- R'lBT(Plx(t)+ N
Pov(t) + Pavol(t) + g (t).  (25) ’
(25) 1 X
(25) Un (23)
N
N
. . o>
0, Ok, Jk
|(JN-1- JN)/]N-1|< o (26)
N On (25)
5
x(t) = x(t) + x(t- 1) +
u(t) + v(@,t> 0 (27)
x(9= assn T4 ¢t [ 1,0
v(t) = sin[zgﬂ.
J = lim Tl_j-:[lze(t) + u?(t)]dt,  (28)
u() =- RB™Pux(t) =- 5123 1x(t);
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2
uv (t) = - 5123 1x(t) + Q 987 7v (t) + 6
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