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Delay-dependent H-infinity control for linear discrete-time uncertain

systems with multiple unknown delays
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Abstract: The delay-dependent H-infinity control of linear discrete-time uncertain systems with unknown delays is di-
scussed via memoryless state feedback. Firstly, an inequality for finite sums of quadratic terms is established. Based
on a linear matrix inequality (LMI), a new delay-dependent condition is then derived by employing Lyapunov-Krasovskii
functional method, which can ensure that the resulting closed-loop system is asymptotically stable with a prescribed H-

infinity performance. Moreover, the suitable H-infinity controller is designed in light of the feasibility of the obtained LMI.

Finally, a numerical example is given to illustrate the effectiveness of the proposed approach.
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2 A 3R (Problem statement)
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x(k+1)=Ax(k)+Aix(k—hy)+ Asx(k—
ha) + Biw(k) + Bau(k),
z(k) = Cx(k) + Crx(k — hy) + Cox(k— (1)
hy) + Duw(k) + Digu(k),
xz(k) =0, k<0.
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J—ZZ (k)z(k) = v*w* (R)w(k) < 0. (3)
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3 FE 45 H (Main results)
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x(k+1) = Agx(k) + Ajx(k — hy)+
Asx(k — hy) + Biw(k),
z(k) = Cga(k) + Ciz(k — hi)+ (6)
Coz(k — hy) + Djyw(k),
z(k)=0,k<0

Hr: Ag .= A+ BK,Ck = C + Do K . 5]
PRL, A3 R B

EHE1 4AEy>0 BAAAEP>0,R >0, Ry >
0,Q1>0,Qs > 0, LM, ;, My; € R™™(5 =1,2),
i3 LA R AN SR U R A

(@ T mIT  ho XY I} holy I
*x —P7t 0 0 0 0 O
x x —hR7' 0 0 0 0
x % x  —hoRy' 0 0 0| <O.
x ok * * —hiRy O 0
* % * * x  —hyRy 0
KR * * * *  —T]
(7
Hor:
Y P2 g3 PB
&= *  (pgg 0 0 7
* k33 0
x % ox —2T
pn = P(Ag —I) + (A — I)P +
i(Ql + MY+ My,),
@12 = PA; — My, + My,
@13 = PAy — M, + Moo,
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4 BT (Numerical examples)
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x(k+1)=Ax(k)+Ax(k—h)+Byw(k)+ Bou(k),
{z(k‘) = Cz(k) + 0.1u(k).
(15)
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Table 1 Obtained H-infinity performances ~yy,;, and
controller gains K for different delays h

h Ymin K
2 10.4598 [83.3662 -34.4324]
4 114308 [23.0448 -12.2888]
6 13.1352  [8.0264 -6.4352 ]
8 15.6811 [2.5102 —4.1830]
10 19.7068 [-0.1600 -2.9232]
20 T T T T T
151 s
5 10 .

1 .

-3 2 -1 0 1 2 3
F /(rad-s")
K1 Hh = 100, REASEFERINTISICIZE
HIEER T S B 3 R A7 e i 2k

Fig. 1 Singular value curve of system (15) via the

obtained memoryless controller when h = 10

5 4Z5i&(Conclusion)
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