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Optimal disturbance rejection for systems with
time delays in high-speed networks

TANG Gong-you, GE Shao-ting
(College of Information Science and Engineering, Ocean University of China, Qingdao Shandong 266100, China)

Abstract: The optimal disturbance rejection is considered for systems with delayed control and measurement in high-
speed communication networks. Firstly, the discrete-time mathematical models for systems with delayed control and
measurement are established. Based on a model transformation, we transform the system with delays to a formal system
without delay. Then, the optimal control law with a state feedback, a disturbance feedforward and a control memory term
is derived from a discrete Riccati equation and a Stein equation. The feedforward control term and the control memory
term compensate for the effects of disturbances and the control delay, respectively. A dynamic control law with a distur-
bance feedforward, an output feedback and a control memory term is designed by constructing a reduced-order disturbance
state observer, the observer makes the feedforward compensator physically realizable. Simulation results demonstrate the
effectiveness of the optimal control law.
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Fig. 1 The structure diagram of the system
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x(t) =x(kT), kT <t < (k+1)T,

u(t) = u(kT), kT <t < (k+1)T, ()

v(t) =v(kT), kT <t < (k+1)T.

i R e () KB4 Tl A 5]
x(<k+ )T) =

AT (KT) + j(k“)T QAT —r)
[Bu(v" - (hl +d1)T) + Do(r)]dr =
T)+f A [Bu((k + 1 — hy)T) —
(r +d, T )) + Dv(k:T)]dr =
j L A Bdru((k — )T

T
Ar _ _
f(Hh)T A" Bdru((k — hy — 1)T +
T
fo e Ddru(kT), 4)

AT RGERRIIE, W ()2 (k) £ ()z(kT). I
[ESE ERVERIIN P G A Pk
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z(0) =xg, k=0,1,2,---,
Horp
A=eT B, = fo(l_dl)T et Bdt,
(6)

T T
_ At N _ At
B“‘_LHI)TG Bdt, D_fo et Ddt.

[ 2, Ah Pl i 2 A5 LK R 7 R T R A
Hh R Gk

k),
W<,
v(k) = Fuw(k),
HiG =T, (F,G)R5e2RUN . BkGrEs



HTH

JE DR TN AR G O 48N (K R B4l 967

AL A2
(G <1, i=1,2,--- 1, (8)
FLGH 8 A 2 SR A7 1 4 8 L F0 T AR, 1041
R R RATE B T RS A WA R
A R
2k) —alk)+ S A1 Bu(i)+

i=k—hy
AhIBQU(k — hl — 1)7

y(k)=y(k)+C(
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i=k—h—1

S A D)),

i=k—hz—1
D 5 A7 7 T A S8 U PR A R 8 (5) e A R T 5
I HI R S
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5 {5 E /- (Simulation examples)
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Fig. 2 Simulation curves of state 1 (k)

2000F A —h=0 |
[ “ s f‘l‘lz 30
v --- h=60
ool 1 ! .
1
& :
P 0
~1000 3
\'f
- 1 L 1
2000, 5 10 15 20

t/s

B3 RAAE R (k) (007 ST M2
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