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Coordinate design of dynamic scheduling and H-infinity control for

networked control systems with communication constraints

DU Ming-li, ZHOU Chuan, CHEN Qing-wei, REN Jun
(School of Automation, Nanjing University of Science and Tchnology, Nanjing Jiangsu, 210094, China)

Abstract: A coordinate design scheme of the try-once-discard (TOD) dynamic scheduling strategy and the robust H-
infinity controller for a class of networked control systems with communication constraints and random time-delay is
proposed. Considering communication constraints and the random time-delay, we model the networked control system
(NCS) as a discrete-time switched system with parameter uncertainties. Using the Lyapunov function and switched system
theory, we develop the design procedure for the robust H-infinity controller under TOD scheduling strategy to maintain the
asymptotic stability of the closed-loop system. A simulation example demonstrates the efficiency of the proposed method.
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{:z':(t) = A,x(t) + Bya(t) + Hyw(t),

z(t) = Chx(t) + Hyw(t), (D

Hrr: z(t) e R, a(t) € R™FIz(t) € RP 4 5l R %
X HPRASAR 5 FEH AR R, w(t) € RY
NP Hw(t) € Ly]0,00); Ay, By, Oy, HyFH,
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Fig. 1 The structure diagram of networked control system
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g3 TS e 2 B, RSB NG 5

Tk R IR 4 A H, AN SRRE S ) L e A fand, (0 <
ds < h) IR EM (0 < de < m) DM ) &
WA G B RS TTRE
z(k + 1) = Azx(k) + Bo(m)u(k)+
Bi(no)a(k — 1)+How(k), (2
z(k) = Cix(k) + Hyw(k),
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(01(k), 00(k), -+, 0 (k) I PR E VR4 i 1R 428 1) 7T
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T A A W B BT 1) 25 B B 2 B IR FF 8% (zero-order
holder, ZOH)RHF_E— R B, DRIE 4 il#s 4 A A
(k) = A(k)x(k) + (I — A(k))z(k—1). (3)
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a(k) = O(k)u(k) + (I — I(k)a(k —1). @
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x(k + 1) = Az(k) + Bo(m)u(k)+

By (m)u(k — 1) + Hyw(k),
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z(k) = Cix(k) + Hyw(k), (5)
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el
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B SR ZEN
e(k) =
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ek —1)| |u(k—-1)—a(k—2)|"
E 1 TODS) A B UMY AE bR, W2 15 k5
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Tt ) BT A4 (1) B D) 4 R GEAR Y R
(2(k +1) = Az (k) 4+ Bo(,)a(k)+
Bi(m)u(k — 1) + Hyw(k),

(6)

+ (I —I,)u(k — 1)’,

L R¥ A, (k), I, (k)i A Ay, IT,.

AR 2% € [0,h] &AL E, Kk By(m),
B (13,) 7 BEALHFE, WPKE By (1), By (30) 73 3R A
By(m) = Bo + DF(73,) E,

10
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(M A
By = jo e ' B,dt,
h
_ Ayt
B, = J;L/Q e’r"Bydt,
D = B’/ E = B,
F(r)ili L FT () F (7)) < I.
it (VAR (10) AT £ R RS Rk
x(k+1)=
Moz (k) + MagZ(k — 1)+
Ms,u(k — 1) + How(k),
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¥
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M;, = Bo(I — I1,) + B, — DF(7,)Ell,,
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3.2 ET R MTODZ) A I B 5 RE R BHE
#ill #5 ¢ 11" (Design of TOD dynamical schedul-
ing strategy and state feedback controller)

EX 1 oy > 0 A4S ERE, RARLGEA DN
LA E HEATHPERESR by , FiAFAE IR S 151
Bl (k) = K,2(k), Bl LR 4105

1) PR GEHE RS E 1

2) FEFHWIUFAE T, SN shw (k) A0 B U
tH2(R)2 | 2(R)l, <7 l[w(®)l,

EIE 1 B IR SR R G R ] Bk
TODZ)) 5 i & S e S A7 il 45%(8), A5 A AE 3L Rl
e

P=P">0,Q=Q" >0, R=R" >0,
LUK By > 0, A4F R AN B AR ML

[P0 o o ML AT N O]
« —Q 0 0 ME (I-4,)T NE 0
* % —R 0 Mg, 0  (I-II,)Y 0
* ok % 7721 Hér 0 0 HlT
* % % x —pP1 0 0 0 <0,
* ok % * * —Qfl 0 0
% % % * * * —RrR! 0
* ok % * * * * —I
' (2)

PR R Ge(1) & feoe i, H IR AH M REFR sy,
AP 7 RIR R RRMEAS B R A R
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FEEVOTIES:
(k) = Niyx(k) + Nog(k — 1) +
(I — I, )a(k — 1),
Horp:
Ny, =II,K,A,, Ny, =, K,(I —A,),
JTLh4
ST (k) = [a7(K) ATk 1) aT(k— 1))

1+
AV (k) = @ (k) Rw(k),

Horp:

G Gy Gy
2=1G, G5 Gg|,

Gr Gs Gy
G, =M. PM, +ATQA, + N. RN,, — P,
Gy = M. PMy, + ATQ(I — A,) + NERN,,,

Gs = ME,PMgg + NER(I - I1,),

Gy = My PM,, + (I — A,)*QA, + Ni RNy,

Gs = My, PMy, + (I — A,)TQ(I — A,) +

Ny, RN,y — Q,

Gs = M) PMs, + NJR(I — I1,,),

Gr = M. PM,, + (I — I1,)" RN,

Gs = M PM,, + (I — I1,)" RN,,,

Gy = My PMy, + (I — II,)"R(I — I1,) — R,
Pk, AV (k) < OF A2 202 < 0. HISchurkh3]
HAPE Q2 < 0 Btk

[P0 0 ML AT NT
x —Q 0 M} (I—A,)T N
x x —R MFE 0 I—-11,)*
* % % —P?)(_71 0 ( 0 ) <0,
* % % * —Q! 0
* %k * * —R!

13)

N tHSchurkb 5| BEA(12) n) Ak :0(13), PRk FI3E 3
48RS E 1.
2) Ho PEREFR Ry: M H, # OB, W
AV (k) =
Vik+1)—
et (k+ 1) Px(k+1) + 27 (k)Qa(k) +
@t (k)Ra(k) — 2" (k)P (k) —
(k= 1)Qi(k —1) —
o (k — 1)Ra(k —1). (14)
EFYIHIRET, 5IANREL
= 2(B)l5 — 7 lw(k)|l; =
3 [ (0)=(0k) — T (B)uk) + AV(E)] -
V(o0) + V(0),
HERILR AT 51V (0) = 0HV (00) > 0, Btk

J<Z[ T(k)z(k) = y*wt (k)w(k) + AV (K)].
(15)

V(k) =

é\

0" (k) =[a"(k) &"(k—1) a"(k—1) w"(K)],
R (1D)(14)—(15) 7] %01
J < §0UT(k)@n(k)7 (16)

F, F, F; F,
Fs Fs Fr Iy
Fy Fy Fu Fio
F13 F14 F15 Flﬁ
F,=G,+CTC,, F,=G,, F;=Gs,
Fy=M PHy+C| H,, Fs=G4,
6:G5a F7:G67 FSZMQTUPHO, F9:G7,
F10:G8, F11:G9, F12:M31;PH07
Fis=Hy PM,,+H}Cy, Fiy=H]PMs,,
Fys=H{ PM,,, Fi\e=HYPHy+H} H, —~1.
HSchurkb 5] B, :(12) 450 T-0 < 0, PrLLss#J <
0, A2 (k) [l2 < Allw(k) oML R

EI 2 EX PRI RS(1)K H _LRTOD
W SE SREM B S i 28 (8), A5 A7 AE— AN PR

X, =X>0, Xo=X, >0, X3=X, >0,

Wy > 0, RERBUEREK,, L —dbrte, > 0
(0 =1,2,---,N), 13 I HN LR P AR T
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[—X; 0 0 0 (AX)T  (A4X)T 0 (O x)T 0 0 (A,X1)
* —X9 0 0 0 02 0 0 0 0 o2
x x —X3 0 b1 0 b3 0 (-ENX3)T 0 0
* * x«  —~20 HOT 0 0 HlT 0 0 0
* o+ x —X1+eDDT 0 0 0 0 Byll,K, 0
* % * * * -X5 0 0 0 0 0 <0,
* * * * * * — X3 0 0 I, K, 0
* * * * * * * —1I 0 0 0
* * * * * * * * —eql EIl K, 0
* * * * * * * * * -1 0
| * * * * * * * * * -1 ]
(17)

T A 3 9 2l R ge (A DL Reoe, H R A HMERETR bRy, hey = [(Bo(I — I1,) + B1)X3]T, ¢ =
(I — A0)Xa]T, ¢35 = [(I — II,)X3]".
uE AR A DF2), F i SCER 10T 5 1 3 X (12) ik ok

[—P 0 0 0 (A+Boll,K,A,)" AT (II,K;A,)"  CF]
x —Q 0 0 [Boll,K,(I—A,)]Y (I—A4,)" [II,K,(I— A,)]* 0
x * —R 0 [Bo(I—1II,)+ B|* 0 (I —1,)" 0
% ok —2I H(SF 0 0 HY n
*  * % * —p1 0 0 0
* % % * * —Q_l 0 0
*  * % * * * —R1! 0
* % % * * * * —I_
0] [0]" (BILK,A)" | [ (BILKA)" '
0[]0 (EII, K, (I — A )T | | (B K(I — A,))T
0]1]0 (—EI,)T (-EII,)"
0] 10 1 0 0
sl [pl e 0 0 <0. (18)
0]1]0 0 0
0] 10 0 0
(0] [ 0] I 0 11 0 |
5t Schurkh 5 | P4
[-P 0 0 0 (A+Boll,K,A,)T AT (I, K, A)T O (BN, K,A,)T
* —Q 0 0 [Boll,K,(I-45)]" (I-Aq)" [, Ko(I-As)]" 0 [BIIK,(I-45)]"
x % —R 0 [Bo(I-1Il,)+ B1|* 0 (I —1,)7T 0 (-EII,)"
e e | H&f 0 0 H;r 0
* ok % * —Pl'4¢,DD7 0 0 0 0 <0.
x k% % * Q! 0 0 0
x ok % * * * —R! 0 0
x % % * * * * —1I 0
B * * * * * —eol i
(19)
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BR1TTHR R 5 | A
[—-X; 0 0 0 (AX;)"T (A, X))t 0 (C1x7)" 0 1
x =X, 0 0 0 [(I—Ag) X" 0 0 0
* o+ —X3 0 [(Bo(I-II,)+B1)X3]" 0 (I-1I,)X3)T 0 (—El,X3)7T
x ok ox =2 HY 0 0 HT 0
* * * * —X1+e,DD7T 0 0 0 0 +
* * * * * — X5 0 0 0
* * * * * * —X3 0 0
* * * * * * * -1 0
| * * * * * * * * —eol
0 T 0 1 [ (.x))? Ax)T 1"
0 0 ((I - AU)XQ)T ((I - AU)X2>T
0 0 0 0
0 0 0 0
Boll, K, | | Boll, K, | -+ 0 0 < 0. (20)
0 0 0 0
I, K, I, K, 0 0
0 0 0 0
| FII,K, | | EII, K, | 0 0 ]

FF i Schurfh 51 # 40, 3X(20) 5 20(17) 554 i<}

4 i EHE B (llustrative example)
% FENCS IR R GRS T LT

i(t) = [_34 _01] z(t) +

s 0+ o1 ] w0
z(t) =[0.1 0]x(t) +[-3 —1]w(t).
STREFIR = 0.1s, B1at@)(10)HE 74 50T i
2
B [0.6588

0.246

—0.08201] . [0.0447
0.9868 |’ 7" 10.0285]°

[0.0351] [0.0078 0.0078]
1 — ) HO - )

0.0344 0.0113 0.0113
b [0.0432 —0.0024] e [ 1 ] |
0.0072  0.0528 0.5
HTZ AR5 H MR AFPARE, B
ds = d. = 1, BIAZ W 25 35 ) R 48 HA PR D)
B, 23
s1=[10 1], s2=1[0 1 1]
TR, gy = 5.8 LA DAEH2, A FILMIT. B
R AR T), I AR ST R A0 25 18 1 -
K1 =[-0.2047 0], K2 =[0 —0.0326],

F| F Truetime I A8 BEAT W &8 #5H RS 1045 B, %
SE BEALI ) 2 (0, 0.1)7E N B BEHLEL, R ZEHIH]
IR R, Pish
w(t) =[1/¢+1) 1/t + 1],

ST Bl P A T 1R PR B D 2 4 I R S IR S
Wi J5: 1t 25 WL P12, 28 48 D) 4 A5 2 g 3 il £ L 1913,
K3 FR T ZAE N 1 3R R AE 1% R AE i R S V) e 2
Wids sy 1817, MM 2R RIEZ KA IR G Y)
e BB s0d2 47, 7 H 45 R R W IZNCSETODZ))
5 B TR 5 Hoo 355 1 I B (R4 F 1 0T R IE 3
fase t HHA RUFrIshaSrae.
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Fig. 2 The response of states
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5 45 (Conclusion)

AR ST S FAT AR 20 ARSI 5 1) B AL
S 0 28 1 R e, R L @Bk A AT AN E S
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