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Abstract

This paper investigates the design problem of tracking controllers for a class of linear
discrete networks under the influence of coding and decoding schemes. Bit rate con-
straints are considered in the design of the decoding scheme to make the study more
challenging and to reveal the impact of bit rate constraints on the decoding accuracy.
A tracking controller is designed to obtain sufficient conditions for the recoverability
of the coded data and the input-to-state stability of the closed-loop system using the
Lyapunov generalized method and matrix inequality techniques. Finally, the effec-

tiveness of the developed tracking control scheme is verified by a simulation example.
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1. 5|5

VRO B A ) — DN JEAS ), BREFIR ST AR 52 00, X EZRBTEA WL KA
BRI BELAS NAITR SR E SRR R G ) 2 BT [1-5]. AE—BUREOL R, BREREE S]] A1
PUBEREE, i ERERIEH]. FHARERERIEH) SCHIRERE A AN IRER S — DN EE S S,
PR B 2 1) 1 A4 )y AR R A AR VR R EIRRIL e e MR I S5 (55, RO 225 15 .
MR, NATTx e R ER PR 7T H 2 AL, AR W TR RIS T E KRR [6-18)

O PR L) 70 2 PR DR 2 TR B A, 2 v Al A i 1) e Ve A R S T Tl B AROR L%, AT A
TE— R LN S bt R, Rk, REEHLEH OS5 T KEMPFRHE, —ik
ST AT ] /R B B TAE R RRAE [19-22). TEMR(S BRI, RS NE ST
PR LA KA, EACMIE =AP IR, XGRS ST RS, 5 B s I 2.
b, G AR AL AN R B2 e B I TR, E— AR EARIER P B et IE R = 4%
BRHIM R [23-27].
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FIHT, TR AP A 3 TS B 77k (28 R 7ok [20] S T Rm £ %8 i 2
AT ARA 5222 UK S SR T, St A O R L. 63 21— BN I L, R L)
TEAR LB DA 22 4 LB 149 T — B W50, Wang L 28 A T — R @ ORI, 2
TARA SN A R i, PRI A B BUHERE [30]. 2RI I Z T LURb &
@IS, SRREORTT S, BRI Z S0k [31). rH T AR T R sl B b (e S
NFT RALHIEER, SRS HURIR 5 /b & S BORR Sk . o T 368 6. 40 A WL P 8
SRR T, R RS 1 G L LR 2 B0 e, RS B T T RS, 1T
24 4 5 (S AR LA 3, HOR R 4R 9 SR ARARG S, BLYE SRR b, bR o2
) 44 Pl R 2 RO, BT BE 75 B R LA 5 H LA 2 o L T S R RIS 3. 3 4F
K, SRS R IOGRTDHLE B 7E £ M ATURAEE] T B, Zhao D AR T — KL KM% &
R LIRS AR e ) B, 7E LR b5 T R LR L AR RO HL [32). Li J Y S5 AT
98T L E RS A I R, 7E T F K T S L 2 SRR AT 7 B ) 4
U (33, LiJY ZEABFSCT — KB )5 sl A R B IS, E% 08 T 2 o sk 2 o
SRTDHLH [34) LiJ Y SEABTICT — LT 4045 00 2 BN 190 52 ROtk A AR, 76
SR T A SR S SRT, AR SO H S 24 T G R L T B s
AR [35].

2. )RR AYHe AN TR

2.1. RGHEH

5 18 LA SRt I ) S O TR 3R 4

xz(k 4+ 1) =Az(k) + Bu(k) + Ew(k)

y(k) =Cx(k) (1)
z(k) =Gz (k)

Hr, z(k) € R=REBRGRE, u(k) € R-REHEIERN, y(k) € RVARNERH, 2(k) € R%
RFHHIH, wk) € Ry ARZRN 2 LT AR AR shi N«

w' (k)w(k) <@ (2)

He, w>0NCHRE.A, B, C, E, MGEEA & 294: 5 1925 5 .

BRi%2.1. (1)F M B4EECR LT, B

rank{C} = d,,. (3)
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2.2. IEAFRARTHRLMBL AR

FEARWETUT, i 15 2 A8 PL s =R IR AN i At A5 R LRIk Z AR, HorPk R 4R E
Gmhdlal s, | = 1,2,..., ASCIRM T LA 51 EAG S Ok St g i AL L R X T4 E R RES
g >0, HERLXEIEWT

D, ={s € R% [eylloe < g}

P — N A RS, BIETED Kk 5 A FRBHEIE DL, (q) x D2,,(q) X -+~ x Dy, (q)
;H\:E'jmlvm%"'mdy S D £ {1727 777}3\_JFE‘

7 A 7 7 Qq
Dl(Q) _{Lé)| —q< [’;) < _q_i_i}

i Ay (i 2(] i 4q
DQ(Q) _{ng)l —q+ — < L;) < _q_|_7}

(4)

7 A 7 7
D;(q) &{c{lqg - oS WD < q}

e, o) R, I AN TCR. EERRITH, AR RIS R R R, B L
VR G i 75 R A EE B ANSCER e AEAR LR R, SmRKEAHREER RN

=] 2" (5)
Hrf, R FRoR Y EEW & UL e M m] FH LUREER
HFRF—AD,, BHFED,, (g) x D2, (g) x -+ x Dyt (@)1 OFRAN

(2m1—1)q

_Q+ /R
(2ma2—1)q
—q + d
p(m17m27"'mdy) é . 2 (6)

(2ma, —1)q

—It TR

B, %D, PR, A — R im,, my, - ma, € DEHh, € DL (q)x D2, (g) x -+ %
Dy, (q), iR FHAZER:

Vdyg

ey — p(ma,ma, - mg,)|l2 < Ld{’/QiRJ' (7)

X, BHmy,me, - mg, RIS TE T DS 2
R4 H AP e A, DK g Ad s it R
Xﬂ_:":Ly(lkC) £ y(lke) - y(lkc> € D;@I (Q(lkc)) X D?ng (q(lkc)) X X Dgf?dy (qukc)) - ]Dq(lkc)’ éﬁ
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o e B CL N i
Jike) = [mayma, - m,| (8)
Hrby y(lk.) R HULTHRZRIUE
y(k) =y(k), k # k.
(k) =y(lk. — 1) 9)
4(0) =0
(k)32 LR 2% A 300
y(lke) =y(lke) + p(my,my, - --mg,)
Yk +1) =y(k), k#lk.—1 (10)
9(0) =0
ffE 8 A I R
Y(lke) =y(lke) + p(my, ma, - - mq,)
gk +1) =g(k), k#lk.—1 (11)
y(0) =0

2.3. IREFITHIZS

FEARTS, AR ENRG )ik —DEREAZEH] 88, DUEREALLN RS A6 S 5 -

¢(k+1) =No(k) + Fy(k)
¢(0) =0 (12)
(k) =Jo(k)
(k) =Go(k)

Hr, o(k) e R=FRRSHRZRGRE, g(k) e RYRRSHRZAGMERL, 2 e R=FRSH ARG
., N, F R 2 RACEGERR CRAER. eAh, EHaS A

u(k) =Loy(k) + Loy (k) (13)

Horb, LMLy J9Refie B4 1 45 18 o

E SURSIRERR 2T (k) £ x(k) — o(k) MBS ERER R ZE2(k) £ 2(k) — 2(k), MRIE(1)M(12),
15 H DA ERER IR Z B AS

2(k) =G (k)

{ F(k + 1) =AZ(k) + Bu(k) + (A — N)o(k) + Ew(k) — Fy(k)
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= y(k) —g(k), (1), (12)F1(14), BEILLFHR RS

I(k +1) =A9(k) + Be(k) + Ew(k)
¥(0) =x(0) (15)
3(k) =GY(k)

b, x(0)2AAE RS, JFHE

ALl 4 a2 gma [A-FC A-N-FC
FC

BL,C BL,C + BLyJ
0 0

Gém, ﬂ(k)é[g:f(k) qST(k)]T.

2.4. FTEMHZ O/

)

N+ FC

A 8 E F

—-F

E 2 B2

9

EN2.1. o R h o~ AFKESH(, Vho—AFREHA(), H1FF R FO(k)H AT £ 4,
AR 2 137 % 42(15) T AL R 4 A B R A A2 49,

19(R)I2 <allx(O)II2 + B(lw(k)]%), V& > 0.

(16)
FEN2.2. ho BRI IE £ (k)i AR T &4, M ARGAD S TT AN v 5 20 80 % AR2D 7 % b IR AL,
le(R)ll2 <~ (17)
b, A R—AEH, RETELNELKT,

AT SRR T R GE(1) KIBRERFEH R A F A H AR AT — R R g A A
FeAMBRERPERI S, AMSEHL: 1) SRR R TR E; 2) AR RGN AZIRESR
SEo

3. FEFp
AAT T AN 704 Stk KT WAL BCH F) P M6 P AT DRI ER 2.5 (15) O A SR 25

3.1. AR EM St

AL T U G 65 A R R A 1 e 0 2K A

FEG T B BE R PTVR ST 2 A, FRATE B3I BLTR i Bkt R P &40ty (k) R BhaS 43
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S|3E3.1. A TLRWHWAITHAIERC c Rv¥d BZARNERIEEH ¢ Riv¥dfo K € Ré=xde 4

#
C = HClKT

A, 6 >006=1,2,...,d,) RCHFFL

Cl £ |:C2 Odyx(dz—dy)j| s Cg £ diag{€1,€2, RN ,€dy}.

51383.2. M FLRIEMA C R fo T iHFRIERC € RYXD | Jof
KIAK, =0
RYK 2K K|, Fi e RixbfoR, € Rix(md), jl 4 — e
Q2 HC,KTAK | (HC,) ™! € R
VAEL
CA=QC.
ER: ARIESE—AN 513, ArLAE 3

QCK =QHC, K"K
=QH [02 Odyx(dfdy)] K'K

= {QHCQ Odyx(dz*dy)]
Al

CAK =HC,KTAK
=H |:CQ Odyx(dx*dy)} KTAK

- {HCQ OdyX(drdy)} KTAK.
T (19) KT AR AT L5y

KTAK, KTAK,

KTAK = - -
|KJAK, K]AK,

KTAK,  04,x(d,—a,)
_Ody X(dy—dy) KQTAKQ

(18)

(19)

(23)
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- (19)H AN (23) 153
CAK = [HC,KT AR, 04yx4,-a,)| KTAK. (25)
AL, K (20) A0 (22), SR
QCK =QH [Cy 04, (,—a,)| K'K
— |[HOKT AR, 04yc0.-a,] (26)
X EIRE
CAK = QCK. (27)
ERBIK AR, TR (25)1F H 458 (21), UE4ER.
3I3E3.3. WB 4 iy(k) 8 A E AT -
y(k) = Qy(k) + Ju(k) + Gw(k) (28)
A,
J2£CB, G=CE.
WEHT: (1) (21) 75 2
y(k+1) =Cz(k+1)
=CAzx(k) + CBu(k) + CEw(k)
=QCz(k) + Ju(k) + Gw(k)
=Qy(k) + Ju(k) + Gw(k) (29)
8 i 1 IE R
LR, FRATIE T A R G A A R R
EIE3.1. W RHREATRFX, N AR TIREN.
dyq
< 30
Bk (30)
EI: AR e(k) Mo, 0 L, AFEX(T)AI(11), ATLASH]
le(R)|l2 =lly (k) — g(k)|l2
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<lly(k) — y(k) — p(m, ma, - - mdy>||2

=ty — p(m1,ma, - -ma,)l|2

< L\Q/OTQLJZJ <7 (31)

PRI, AT DG 2 A BiHE T LA S UG SR 20 R A G i A 5 SRR . IER e HE,

3.2. BRI

AN T — AT KA, AERFATS, MM RS(15) ] L M A SRS E 1.
EIE3.2. BIRLEHBHEEEEL AL, L%, e RALEERIEEW, UBRIEFER . Koforg, B

R AT F A4
EE]H * * *
—[22]
0 = * *
Hyy 2 N <0 32
[” o o = (82)
Zl1] (2] Z[43] fad]
e R TR VR 1)
A4,
Eh Ak — )W, E A keI, E A kgl
4] A -1 gl 4 ol A p ol
Sy =W By =4 Sy 5B By S E
AR 2, M3 (16) 7T 43137 & 46 (15) AR by A BLR A A2
WEBH: R /& Lyapunoviz iR 4185 42 -
V(9(k)) = 9" (k)Wo(k) (33)

RIG, V(0(k)) 25 5T R

bV (9(k))
=V (9(k+1)) - V(dk))
=97 (k + YWk + 1) — 97 (k)WI(k)
:(Aﬁ(k) + Be(k) + Ew(k))TW<A19(k) + Be(k) + Ew(k)) — 9T (B)WI(k)
=97 (k) (ATWA — W)9(k) + €" (k) B"WBe(k) + w” (k) E"WEw(k)
+ 207 (k) ATWBe(k) + 297 (k) ATWEw(k) + 2¢7 (k) B"WEw(k)
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—97 (k) (ATWA W4 mW)ﬁ(k) + €T (k) (BTWB — ko)e(k) + w (k)
x (ETWE — k3)w(k) + 207 (k) ATWBe(k) + 297 (k) ATWEw(k)
+2¢" (k)B"WEw(k) — 1V (9(k)) + ko€’ (k)e(k) + rzw” (k)w(k)

=Sl (F)ESp)(k) — k1 V (0(k)) + roe” (k)e(k) + rsw” (k)w(k) (34)
/\q:‘7

—=[11]
=2 * *

= A | =[21]  =[22]

ot I e P e I
—=[31] =[32] =[33]
@ T2 S

Sy (k) 2 [97 (k) €7 (k) wT(R)] ", NS 2 ATWA - W+ kW,
NG 2BTWB — ky, R 2 ETWE — ks,
RV 2pTwaA, X3 2 ETwa, N 2 ETWB.
FE(31), AILISE]
bV (9(k))

< ()Z S (k) — k1 V (9(R)) + roe” (R)e(k) + rgw” (k)w(k)

<Sa](k)5[2]%[1](k) — IﬁV(lS‘(k)) + Ko L\/{’/;T% 5 + k3w (k)w(k)

< (k)EpSpy (k) — sV (9()) + ko L\dgfﬁ S+ hisllw(®)]1% (35)

o Yot e A IESHL w(k)R— A B RS, I 17 (A IE S M

4 v4q
s 5@2 < w2, Ba

oV (9(k))

<—mvww»+@m+;waw&+sa%ﬁm%mm (36)

FRAESchurh 3188, 7T BAM (32) 1882 <0, Fikd

oV (9(k))

<= RV (90)) = OB + (x4 ) k) (37)
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\
/|
|

Y = )\min(_E’[2]>-

B4RV (9(k)) 5 S, FATRES 5]

V(9(k)) <hmax(W)[19(K)]I3 (38)
bl IS/
BV (9(k))
< = (K Amax (W) + @) [[0(R) |13 + (ks + %@)Hw(kﬂli (39)
T (38) F(39) % TAEE M0>1, REfF ]
SV (I(k 4+ 1)) — 8"V (9(k))
—ghH (V(ﬂ(k +1)) - V(ﬁ(k))) + MV (9(k)) — 8FV (9(k))
<041 (= (1 O9) + ) DB + (12 + 50 w2
+0°(6 = 1) (Amax W) [9(K)3)
5 0(S) [9(k)13 + 6" pllw (k) 1% (40)
oy,
0(0) =(0 — 1) Amax W) = 6 (K1 Amax( W) + 0), p=rs+ A%Q
XF(A0) IR NOFIE — 1 KA, FRATRERS 2
OV (9(8)) = 0°V (9(0))
Zéﬂw M + 2= i 2 (41)
MO(1) = = = 1 Amax (W) <0 F lim 0(6) = +o0 A MG RFE —Mr > UER0(v) = 0. B4,
KV (9(€)) — V(9(0))
<) i (42)
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MV (9(k)) i€ X153
V(9(0)) < Amax (W)X (0) 13
Gl
vV (9(6)) = AminV)VE[9(E)]15
WA,

v(1—v9)

1913 <v~*[Ix(0)]3 + [

v I/E
/7\5(@: mm(}%)ye()l o 5)l:e
oy s _vn
b= f—}I-&I-loo B(§> )‘min(W) (V — 1)

A LA 2

19I5 <ellx ()13 + Bllw(®)]1%

\
/
+H

a2,

W, HRG(15) 2N FIRSTEE M. IEMSE R,

3.3. IREFFEHIZE T

Amin W) E(L — V)MHw(k) 2

(43)

(44)

FEA/NYI R, R R ) A ad 8 A MUEERBR IR ZE BN B AL, AR MR R AR N RS R

EEEE ﬁﬁbo

Efi?ﬁ.:}. 1’&%2%_“1%&R7F‘3*5“§/%1(O<k1<1)o /f‘f’/ﬁ‘-ﬂ:—*ﬂt\éﬁg, ,%32?:!,434’ JE;??EF$W[1]\ W[Q]\ P[l]\
Py Py Fe%8 ML, Ly, #ZAT &4
EE,)]I] ;2] * *
0 = * *
T 2 [ <0 (47)
8 o o =
=41 —42)  —[43]  of44]
—B TR TR 7B
W>1T (48)
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A,
S 2 gy S 8 0L AR g0l s P(A-FC) Pg(A-N - FC)
3] 3] ) A An) Wi FC Wi (N + FC)
1] 0 0 B | g F 3 0

p2|BBB)

W 1] 2R 7 22(15) 4R 2 i N B R S
i K AR AT 5] R A7 2

=T VAE

rRH, PTEEIEH R

ER: dliddiag {1, 1,1, Wp} MASER(32)1E

gl:'j,

il AR B 4t

<BT>L]T

SHE,

D)3 RBFEAL — Fro

(s + — )
I'Illl'l K — JW.
3 )\HQ

B HEIEA

Ly =Py La, Ly = P Ly,

[ A% #1531
EE]I ] ;2] * *
N 0 E[l} * * <0
=[] = —[33]
0 0 B *
—=[41]  —[42] —=[43] —[44]
S Y e ] e £ . 1]

1 2 i
i SAL]+AGL Wip) £ diag { Py, Wiy}
s [PoBL.C  Piy(BL.C + BLyJ)
0 0
5[4} £ diag {—P[SO]W[I]lP[Z;]a _W[Q}} :

=
IS

)

,

L, = PyLy, Ly = PyLg.

)

[0(€)|)3 &9 #rin LIk e MA

(49)

(50)
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BT
Plg) + Py = Pl Bgy = Wiy
= — (P} = W)Wy} (Pig) = Why) <0 (53)
=)

—P Wy Py < Wy — Py — Py (54)

5 (54)RI(AT), TRATHIAE (48) R AT LRI MO, ERLILFAH 22 55(15) 7T LA SR N SR A5 10,
Ly = o, ki) = 0.

K

R4 b B UE B R A AT LAAG 3

V(9() <(1 =RV (9(0)) + =2 (5)
RESHFE
+ L
1913 <1 = F)H IO + ~ 2w (56)
1Amin(W)
HTF(48), AR
+ L
191 <(1 = &)* () + == (57)

ALK AR (49), BUATEAGE]||9(€) (|3 HIMTIE B 5B/ IME.  IERIER.

4. HEIIE

A2 AT E ], DURORER ERP H 25 O /F P AN 3
FREHS ARG (1) MZHE ARG (10)ILL TS 4

[1.02 0.05] 1 0.04 1
L |10 0057 N |01 00 5 0 57
0.27 0.26] 0.25 0.2 5
(1.2 0.32] . 1 0.005
oo 0.3 Cope 0.35 0 | b |
0.03 0.12] 054 5 ~0.001
(05 0.32] 1
J= . G=11.
0.03 12 | 1
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FIEFB RS (1) RSB A -

w(k) = ¢ 1.5sin(k), 10

-0.02 [ i

-0.04

-0.06

-0.08 1

01 . \ L . . \ .
0 50 100 150 200 250 300 350 400

Time(k)

Figure 1. The trajectory of state x1(k) and its trace value ¢1 (k)
Bl 1. AR (k)L B ELIRER 6 (k)

04 | I . I . | |
0 50 100 150 200 250 300 350 400

Time(k)

Figure 2. The trajectory of state x2(k) and its trace value ¢2(k)
2. IR () MU HLIE B SRR (oo ()

BB T F EERF R N8 bps, IS HN0.5. 4 5E R = 0.08.
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o l5168.5027 6890.8559]

0 0.8494

AR L R ER A A 5 Z A0 B T

0.08 -
; e YLk Y1k
0'06': i — o Yok hak| |
0.04 [§ ;i
i 4
i 1 | ]
0.02 : : % s‘ i,’-.
11 N W OR— T
(1 TARBE
-0.02 a i ' i g
] i
0.04
il
it
-0.06 §
§
{
-0.08 !
0.1 : ‘ : : : : :
0 50 100 150 200 250 300 350 400
Time(k)
Figure 3. Decoding error y(k) — (k)
3. fEtdirZy (k) — y(k)
AT LB MATLA B AR ARLMIs(47) A1(48) T LLE 51
32968.7313 —1.0807 181.1772 —32.513
Wh = s Wiy =
—1.0807  0.56373 —32.513  6.4166

L = [_0.5746 2.1776}, Ly= [0.2243 —0.2504].

BT, BT TR A3 B ) B 2 P 7
ARAS P T SBRER G405 LRI 9T 7R, ATt VAR F 01 28 0 B MR R LT

i

|

S LR R A R G RS T3 RIS IR Z A0 B 3FT7R. ATLCE Y, A2 FURRR AR N g i s 58 2

AT
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