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Suboptimal control for linear large-scale systems with small time-delay
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Abstract: The suboptimal control for linear large-scale systems with small time-delay is studied. First, all the increments
of state terms and interconnected terms among subsystems are considered as additional disturbances. Then by using the non-delay
transformation approach and the successive approximation method of differential equations, we transform a higher order two-
point boundary value problem with time-delay and time-advance terms into a group of decoupled lower order ones without time-
delay and time-advance terms. Finally, the definite iterative values of optimal solutions are taken as a suboptimal control law for
the large-scale system. For the linear large-scale systems with small time-delay, iterative times computing suboptimal control
law can be greatly reduced. Therefore, this approach is specially suited for the suboptimal controller design for the linear large-

scale systems with small time-delay.
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2 BB 5R (Problem formulation)
A EN NN FRGEWRERTH KRS,
FIINTFRGER TS EZ5 7 RHER
2,(8) = A, () + A, x(t)+ Bu; (1)+ C,x,{t-7),
t >0,
2(t) = o(t), —t1<t<0,i=1,2,~-,N.
; (1)
Kz, €RY, 0, ERDHNAE i M FREVWRS
MERMER, o,(¢) HUHEREME, A = (A,
Aii—hOvAinl7"'vAiN]7Aij,Bn3Fﬂ C, HELERHW

FRIEE, © > 0 RB/NWBET, D0 = 0, 2y,

= r AEREIR u (1) MBERIT T = 20U,
B ME % B

Ji = 31l ) +

J‘;j[xf(t)o,-x,-(t) + uT(8) Ru () ]de}. (2)

e F o Q RFIEREER, R NEEERE . BEXR
() FERER AR (2) W R R MERAL IR 2R R M W &
% . R G BRAER B R BT S S A E R
(2,(2) = Aux; (2) + Ax () + Cx; (t~7) + B, (1),
O <t<t,

Qux; () +ATA,()+ CA(t+ 7)),
—ii(t)z{ O< t< ty-17,

Quxi(t) + AR (), t; -7 < t < ¢,
(Ri;(t)+ BA;(2) =0, 0< t< t7, i=1,2,-,N.

(3)
DR B
x;(t) = q),;(t), - < SO,
{ | @
)\i(tf) = F,-x;(tf), I = 1721"',N.

GMOHRNITEBEMRIWERXTBAHRY
PR 0 (LRI A, M 26 ) B 10 L 1 T R 3 L BUEL R
HREFEFEREN RO WE—RB

w;(t) =—- R7'BRA, (1), i =1,2,~-,N. (5)
¥ RB(3) BN
“A(2) = Qi () + AN (2) + CTAX (e 4 ),
%:(2) = A (1) + A (8) - S, (1) - C;Ax; (1),
O<ts<it,i=1,2,",N.

(6)
HF

2(t+ 0)-2,(1), 0 < t < ty~7,
- (1),
Ax;(t) = x,(t) - x,(t - 7).
HTFEBR ES/NEHi A #1Ax | —f
FAXTHEE A, AT EHH AX (e + ) F Ax () BRI
B Ax (i, = 1,2, N, j = i) BT RGN LB
T, o R ol e m AR S PR3, W Rl B (6) R R
SHRNWMAMBRAIEY N MEBROEKRRESAE
(BRI &R .
3 P& 5| ¥ (Preliminary lemmas)
ZBAASHAI N TFREN BRRENRE X
ARG ,E IiNTREN
2,(2) = Aux; () + Ax(t) + CiAx,(t), t > 0,
{x,-(t) =(t), —r<t<0,i=1,2,+,N.
(7
2 D,(t) = exp(Ae), EXBBRBEIFI {F(2)} N
(1) = ©,(1);(0), t > 0,

AAi(t"'T) = {

t-7 < t < 1,

1) = @) gi(0) + [ @s - IALA() 4

C:Ax*1(r)ldr, t > 0,
xf (1) = ¢(1), ~r <1 <0,
i =1,2,,N, k =0,1,2,-.
(8)
511 EXME € [0,:], FFI(8)—Buk s
FTRREGE(DHR.
E BRREMDESIINEEER
2(t) = Agx(2) + Ax(t) + CAx(t), ¢t > O,
{x(t)=§o(t), - r=<t<O.
(9)
H
A, = blockdiag(4;), A = block[ 4;Inxn — A4,
€ = blockdiag( C;),

x = [x'lrvxgv"'vx'};[]'rv P = [?T,‘P;v"'vso.rN]T'
BRO)FEIMTER

2(t) = @,(1)p(0), ¢t >0,

#(1) = (1)p(0) + f;cpd(t _ O[A(r) +

CAZN(r))dr, 1 > 0, k = 1,2,
p(t), ~r <t =<0, k =0,1,2,-.
(10)

(1)

XB ®,(t) = blockdiag! ®,(2)}. %
aia= SLE AU R . SERSEE
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N,=1lAll,nNn = 1lcCl. Hr

¥ 0,(-) MEH,E8/ lo,00 = 1171 =1,R0F (AA%(t) = 0, Ax%(t) = 0O,

M= 1. prid \ Afear)-aK1),  0< 1< g1,
I #4) - () I = <AMU+r)=[—H“L D
| [[ .t - DL + ©)2u(r) p(0) - AxE(1) = #H(3) - 2Hs - o),
o) dr | < O<tsty,i=1,2,,N, k=12
MA(N, + N)Lt + MN.Lt + M*NL(t - ) < (17)
LM>*(N, +2N.)t, 0 < t < ¢, (11) AR mﬁfﬁkﬂ’?ﬁ“

uf(t) = -R'BR(2), i=1,2,--,N, k=1,2,3, -

h=2(2) - 2" ()| < (18)

M(N, + Ac)[j;llx'(r)-xO(r)||dr R

Nﬂrllxl(r—-r) ~2(r~ 1) [ dr] <

LM*(N, + 2N)[ (N, + N)—.+ v, Lo r)2]\
IM*(N, + 2N,)? 2?, 0<t<t. (12)
7 2 7T 79
{u (1) - 2#71(2) | < LM*'(N, + 2N, )",ﬁ,,
O<t<y
(13)

HEZAASXM NEEN ;. F

(ll =¥+7(e) - #* () || <
k+j i
>3 HLMTH(N, +2N,) <
imk+l L
<
[(M(N, + 2N.)¢]**! ‘
(ks 1)! LMexp[M(N,,+2Nc)t],
LO < ! < tf’

(14)
B {x,(2) B C*{ - z,t] H B9 Cauchy ¥ 3, Bp X
AR R—BBRSEN . BT j RERN, TR
FINBRBERG(ONRE . SIHEUEEE .
4 FEL R (Main results)
BHE T 5 W R E ) B
~AR(e) = Qat(e) + AMK(e) + CTAXA (4 4 1),
[xf(t) = Z,xf(t) + A,—x’"l - S,Af(t) - C,-Axl:-'l(t),
O<t<it,i=12,,N,k=1,2,"
(15)
R REH
k(t) = go;(t), - rt<t<0,
{A{‘(cf) = Fx(e), i = 1,2,-,N, k = 1,2,

XFERER k,BE15) ~ (17) & N REMN LR
i A A8 A IO A S 5 R P A B [ A

EE1 WERARERBKQAS) ~ (18) K
BRFFI 2E() Bl uk(e)) 28 —BRSEFhRQ)
AR (2) AHHORUEBERORMRERLE =7 ()
BREHER o] (1),

iE ®
{Af-‘(t) = P.()x(e) + g¥(e),
O<t<ity, i =1,2,,N, k=1,2,-

(19)
He P(2) BRHEEMWEENTEMRE, i Af(y) =
Fa(t) T g5(y) = 0, BAR(19) W48
AAE(E) = Pie)ax*(e) + 8g%(2), 0 < ¢ < .
(20)
BRODBFAHRIE . HRQOMOS)KE KRR
AR[44
() =[P()+ P () A;—- P, (1) SP(¢)]xF(e) -
P.(t) C;Ax*~'(t) + P, () Ax*! -
P(1)Sgi(1) + g¥(1), 0 <t < . (21)
1%&“(19)5&(20)’&)\3&(15)39% x,48 5
AE() = - (Q; + ATP(£)) ¥ (e Y - ATgk(1) -
CTLP(£)azk (s + ) + Agh-'(t + 7).
(22)
Hep
Dgi(t+z) = {g?(?r)—g?(t), persym©
—g.—(t), - T <t K ¢t
H 8N (21) R (22) 48 Riceati 5B M5 H 12
~P;(t) = Pi(1)A;+ATP,(¢) - P,(£)SP.(1)+ Q,,
O<t <,
P () = F,

(23)
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RILEFR
g (1) = [-AT+ P.(1) S 1gi(2) + Pi(2) C;AxE (1) -
P(£)Ax* (1) - CILP()Ax5 (2 + 7) +
Ag"i"l(t +7)],0<t < ts,
gi(e) =0, k =1,2,3,.
(24)
MR (23) AR IEEHERE P(2), RAK(24),7]
PUE R B AL g5 (). HR(19) RARAS)
B3 P KERHRRES

uf(2) = - Ry'BTLP,(1)4(2) + g4(2)]. (25)
BRHORARNS)WE _RTTLLBRE k KER
HEBERAA RS

£5(e) = (4; - SiP,-(t))x:-‘(t) + A () -

S,-g'.’-‘(t) - C,-Axli'l(t), 0<1t<t.
(26)
5 1T, R (24) MR (26) R FEF {21 ()},
{x¥(e)} BR—B s, s lul(e)] R WSH. 8
g:(2) M u;(2) FBERFF gf ()} F{ui(e)} B
B, BTRAREF { xf(2) ) BOARPR () R B $l R B
(MAQBRKRSHIE . AEIRRERHEN
u () = - R{'BI[P(t)x(2) + gi()],

i=1,2,-,N. 27)

EFUELE .

Hx ERBY £k > o BTR(25) HEFTRILE
RATRER . R ER(25) # k 4K, NEFxL#
EBRREHEGER EEFRMAPTHRONTEELEIR
RS . BR(25)8

ui (1) = - Ry'BT Lim[P(1)i(2) + gi(1)] =
- R7'BY[ P (1) x,(2) + Eir;:gf(t)].
(28)
ZRQ)F A m B o WABB G -MEHEN m
WIB &k X
al'(t) = - Ri'Bi[Px; (1) +g7(1)], i = 1,2,-+,N.
(29)
EEBERQ)FHE —TFH () £ k> = B
RN, SAHE W g (1) B m YGERIFE. B
i,(29) KR (25) BEERARRKM. KihEhiE R
XEEBWEN, P, X (23) —KHERd . m = 1,2,
M EHBER () R gPG), RAK(29) Ry
ul(t) ,HHE A, =1 Jn - Jn . B8E e > OFIIE
BEK YA, <,k =01, K, W a?(e) WH
(BRI HE.
F F— R AT B B A R G0 At O AR B R

HER Kk 0LoC#k(8].
5 #5i& (Conclusions)
AXWILETEIEAENMT : i) ERA/NPHED
KRG TRAFIARSHEMEE BiXEE
MTFREBERES T MERMLSIBEA, ATTH KX
RESEI N RARMNBIBANBBTRE.
i) MALHEHERENBEESHMS FTREAZEK
BEEHESARBFIYSAHENTYEHRF S
{8 7] BB AL o1~ 08 48 B9 HL R & B i X500 A8 AT IR 894K B
BWEBEREE. i) AT FREAPDNKRKREHE
B ERBEE.
MFRIEFEHREERENS, A ZXY
FEEHEATE &9 2R BOK FE & B # 2 A9 38 K T
AR T ERINES FTRERARES/PMEE®
KEXREH XKL HSFRIT.
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