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Observer-based approximate design of optimal output-tracking

controller for linear systems with time-delay

TANG Gong-you, LI Chao, GAO Hong-wei
(College of Information Science and Engineering, Ocean University of China, Qingdao Shandong 266100, China)

Abstract: An approximate design procedure of optimal output-tracking controller is considered for linear systems with
time-delay. First, based on the optimal output-tracking control problem of the original system, two iterative sequences of
differential equations with known initial and terminal conditions are constructed and proved to be convergent uniformly
to the optimal solution of the original problem. Next, through a finite iteration of the solution sequence, an approximate
solution of the optimal output-tracking control problem is obtained. Furthermore, an algorithm is given to calculate the
approximate optimal output-tracking control law. Finally, a reduced-order reference input observer is designed to make
the feedforward term in the optimal output-tracking controller physically realizable. Simulation results illustrate that the
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presented approach is effective and simple to implement.
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2 a8 3% (Problem formulation)
H B LRV N RS0
&(t) = Az(t) + Az(t — 7) + Bu(t),
{iv(t)¢(t),7<t<0, (1
y(t) = Cx(t).
Hrp: z e R, u € RTfly € R4 3 IRES ) &, #4
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R, 7 > 04 H BRI AT o(t) 2 AR anIR
A r) HE R B R G Aty P B R ) U] B
g H LU A R GEfiR:
() = Fa(8),
y(t) = Hz(t).
Hr: 2 € RP, 5 € R™, F, H & 94500 % 840
B BRI HATWRE, (I, H ) 58 42 ] il
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J= §€T(tf)Qf€(tf) +

% fotf [T (1) Qe(t) + u (t) Ru(t)]dt.  (3)
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Hh:
R,
e(t) = y(t) —y(?). @)
AR e D42 T B e LA A 50, R GE(D)K T PERe SR
BR(3) A s DIE A 1 R i 42 71 1) UK S BOKR M 1 P
H LA )
&(t)=Azx(t)+Ajx(t—7)+Bu(t), 0 <t <ty,
—\t)=
CTQCx(t)—CTQHz(t)+ AT \(t)+
ATAt+7), 0 <t <ty —,
CTQCxz(t) — CTQH=z(t) + ATA(¢),
ty —7 <t <1y,
x(t) = ¢(t), —7 <t <0,
Aty) = CTQCu(ty) — CTQ H(ty).
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u*(t) = —R'BTA(t). (6)
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u*(t)=—R™'BY[P(t)x(t)+Pi(t)z(t)+g(t)], ()

FerpP(t) 52 T #lRiccatif 4 7y J7 FE A ME— - IEE

fit:

—P(t)=ATP(t)+P(t)A—
{ P(t)SP(t)+CTQC,
P(ty) = CTQ;C;

(8)
Py (t) 72 T HHBER 53 T3 R 1 i — i
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g(t) A2 N H P R AR 0] R i
i(t)=[A—SP(t)| z(t)—SPi(t)z(t)—
Sg(t) + Ax(t — 1), 0 <t < ty,
—g(t) =
[A—SP®)]" g(t) + P(t)Ayx(t — 7)+
ATIP()x(t +7) + Pi(t)z(t + 7)+
glt+71)], 0<t <ty —r,
[A—SP®)]" g(t) + P(t)Ayx(t — ),
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x(t) = ¢(t), —7 <t <0,
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A(t)=P()z(t)+Pi(t)z(t)+g(t), 0< t <t (11)
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optimal output-tracking controllers)

TEER 2 i) (K 5 Ko T B S5 0 A R B
T R 2 E
u™(t) = —R'BT[P(t)x™ (t)+

Py(t)z(t)+9™ (1)), (13)
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O (t) =0,
() (t) =
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(gO(t) = D(t,t5)(ty), to <t < Ly,
9P (1) =

D(t.t1)0(t))4], B(t,7) 416" (7). (16)
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A8 14
lgV(8) — g@ (1) < Ltf M2V Edr <
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@© @)=k R By (t); 435 HE@)FI9)K
HP(t)MP(t); 2k = 1; 45 € o > 0 fl—1
85> KIIEET,.
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@ HrFAIET,

Ji= 1 et (ty)Qre(ty) +

J’

@ F|(Jy — Je1) /| < o, W H g (L), 858,

® 7, 459 (1) AR 14)K ™) (2).

® %k:=k+1,#%z2Q.

4 275 % N\ WU 2% i) 4 1& (Construction of
reference input observers)

e Mt PR B A AR (7) R B RIS A AR R
LW ) H 2 () . SEBr AP RGEQ)RAAFAER,
Pt AR ZS 7] F2 2 (6) & ANAFEAE IR, RIS 4 3N AT 5K
L. AR B TR ], Wl vt PR 4E R 2 2% i
NI 25 K A R T P 00 P 42 B ) S 3R )

AR, X TAN RGP AT IR AR BEH, A7 A
AL € RO R HT LT
RP*PHE7; . &

) + ul (t) Ruy (4)]dt. (25)
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H _ Fy Fis
L] [ 1 2]7 F21 F,2 ( )
/E\: ':F‘: T1 € ]RpXm’Tz € ]Rpx(p—m)’Fl €

R™*m F, € Rp—m)xe—m) [, FFy, f& 58 244
B RE. SINRR = Tz, wz" = 2] 73],

Hrz, € R™, z, € RP™. XFEAR R RGN —
MEN RS
51(75) Fizy(t) + FiaZo(t),
Zo(t) = Fo 21 (t) + Fazy(t), 27
y(t) = z:(t),

RO, z (O E S E A y(t), P H 75 i
K T2 () M B 4 MM %, FEZSHT = (1, 0]
FL(F, H)R5e4m i, hial 4 (Fy, Fo) 2
S A4 AR TR i B A R 8t
(t) = Fw(t) + Hy(t),
{22@) = w(t) + K(t),
Horh: w € RP—™ W04 (KRS 1 B 25 () S22 (1)
I F = Fy — KFyp, H = F,K — KF,K +
Fy — KFy; RECEVERK A . 1 2(2)(26)F1(28) 1]
152 () AL
2(t) = Tow(t)

(28)

+ (T + T K)y(t), (29)

5t A HH R B s A
{ (t) = Fw(t) + Hy(t),
u(t)=—R""BT[P(t)z(t)+ P (t)Tow(tH (30)
P(t)(Th + T2 K)y(t) + g(t)].
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Fig. 1 Simulation curves of the tracking error
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Fig.2 Simulation curves of the control input
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Table 1 Performance index values and precision
k 1 2 3 4
Ji 21.623 12.446 10.098 9.7625
|(J—Je—1)/Jul —  0.7373  0.2325 0.0344

A2 KRBT 6 AR ARMA
Table 2 Performance index values at
different time-delays

T 1 5 10 15 30 50

E 4 5 7 8 10 10
J* 9.763 12.478 15.596 18.703 27.902 30.306
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6 4518 (Conclusion)
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