41 % 5 10 W
2015 4£ 10 JJ

A 3 b % i
ACTA AUTOMATICA SINICA

Vol. 41, No. 10
October, 2015

W R SEHE R e B BT 0 28 A9 W 48 4k H o, 35576

LfefR  EHE'  KAAE!

B E WA WAL A AN B I RCR REE R I M AL Hoo T 0BT A 86 X SR 25 A48 S5 43 ) 9 A 43 1)
Sy (A3 T S (PR A AR o [ — S AL B s LU [R) SR, L S A% I8 SR FR TR AN [ SRR G (140 9 ) i 23 90 30 5 e 1
AL 2% A i B i A oty 25 L8 BUXNCRRAE . W28 A M i A SIS, 51N )20 000 28 A A T 0 SOIRAS H vk F A5 Tk
I 88 KB DR KA R G, JE T XA K, B DR SRAT [ 0 25 40 35 1) 8 48 At 458 49 7y A A A W AR I i TR IE 82 R 4. R
Lyapunov-Krasovskii 72 B 7775, PUERFEAZE G 1% R G0 1R e vE R I A #s we vh I ik, dae)a, T8 B o) 7563k o
FETTIEIA R

KR RCRRFERS, FT WIS Hoo #58, A RS, MELIEH RS

IR S, SR, SRR, XCRRFERFE RIS T WIS M4 Hoo 50, H bR, 2015, 41(10): 1788—1797
DOI 10.16383/j.aas.2015.¢150046

Observer-based Networked H,, Control for Dualrate Sampling Systems

MA Wei-Weit JIA Xin-Chun' ZHANG Da-Wei'

Abstract The networked Hs control for a class of dualrate sampling systems with network transmission delays and
packet losses is investigated. State variables of the plant are assumed to be split into two sub-vectors. All state variables
of the two sub-vectors are periodically sampled by two types of sensors, respectively, which each type of sensors has a
different sampling rate. The two sampled sub-vectors are separately transmitted to the controller node over an imperfect
network. Considering the dualrate sampling, network transmission delays and packet losses, a synchronized observer is
introduced to estimate the state variables of the plant, and a controller based on the estimation is designed to stabilize
the dualrate sampling system. Based on the above idea, a networked control system with dualrate sampling is modeled
as a continuous-time system with two time-varying delays. By Lyapunov-Krasovskii functional method, some results of
stability criterion and controller design for the system are obtained in terms of matrix inequalities (MIs). At last, some

numerical examples are given to illustrate the effectiveness of the proposed method.
Key words Dualrate sampling systems, observer-based Ho control, time-varying delay systems, networked control
systems
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Fig.1 Diagram of networked control for a class of

dualrate sampling systems
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FEF]— DAY S, IR AT S AT IS, H
REAR o A 22 ) 2 I, 32 s a2 W oF ST S
T.91Ah, LR T R, Z R RERAE RGN
AN B A vE SLIN TE) . SRAE 2% A SRAE I 1) LA A 2
T 225 P18 i i B ).

N T A BUAH VLR B ARAT 2R GUIR S S Al 4
BEVHARAT. A0 @ (t) RAE AN B IA 32 ] 25 R I 8] P 471 7
Wk {kT|k € No} M {r,T + 7|k € Ny}, Hrp o, T
N ke AT RIK P H4%  X  TR) K, d € No
LR SCVE ) B KIS LA, T R T 350k 45
4§¢ﬁﬂﬂ_i%iﬁ\ [\9%, ﬁgi 1 < Tk+1 — Tk < d+ 1,
T<7 <7T. ¥t e [T+ 1,1 T + Thy1) B, ik
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PREHI A u(t) = Kz(r ), X 7(t) =t — T
EONTG (1), Wl B3 SRAT RIR A S It 1) R G e
155N

Az(t) + BKz(t — 7(t)) + Bw(t)
Cz(t) + D w(t)

—
Y
= =
~— ~—
Il

(12)

Hp,r<7(t) <7+ (d+ 1T :=17.
HIL 1. X T4 EMIElRE v > 0,0 < 7 < 7,
WRAEAEEESEME X >0, Q >0, Ry >0, Ry, > 0,

AR FRA R W, A4S L R HE AN 2T
[ Q1 * * * * .
WIBT —R, x * * *
Rl R2 Qg3 * * * < 0
BT 0 0 —I = *
AX BW 0 Bw 955 *
CcX 0 0 D, 0 —oI
(13)

Hrp,

Qll == XAT + AX - R1 + Q, Q55 == —XéilX
R= ﬁle + (N — I)2R2, Q33 =—-Q — R, — Ry
WIRS (12) fE45EM Hy YERE v N Rdnafase,

BRI R K = WX 4l
IERR. AT RIE R 1 Mg, EFEEMD
Lyapunov-Krosovskii 7 B
V(t) = Vi(t) + Va(t)

Hrh, Vi(t) = 2" (1) PE(t),

Va(t) = / t &7 (5)Qa(s)ds +

77/ / :c Rlx )dsdf +

t+6

o[, /
t+6

R NUEHE R e 1 FoEH 2 B0L 2R AT R,
UE A . O
¥ 4. 1t Lyapunov-Krosovskii iZ 4 (6) H, 2
#Iﬁ Va(t) I T 73 1)t @y (t) AOSRAE ). A fan it
WA EEAEE, V5(t) FHET 7k 2y(t) HRAEH
WL AR A R AE B A SRS Lyapunov 72
PR A 2R LY ) Lyapunov-Krosovskii 72 B8 14,
ST RE 2 (t) M2 (t) A FRAE
P B XL IAT SCER [14—15] 7 Z A .

(=)

) RyZ(s)dsdd

E 5. AN (8) A (13) H, BR T ARZETT
“—XRTIXT LLAL, BT R B B A L 26 0 0
TREEME DS R, ZAEL R SBGER 2 Al
HES 1 AR B LMIs 1 SUR R4, ff vtk 25
Il ) — AN AT T VR HE AN R AL SR DO S Ah,
BT (X —aR)R(X —aR) >0 (J, a HEEE
(RIEH 4, R > 0), AT AE IR “— X R X" 4
LEVETR a®R — 2al, LASEPLERE 2 AHER 1 441
LebhAb. AHERT T, HEAN PEALSTAT FH IR AR SR i 2k
PREFE FEA S X T VR AT AT 5, RS e —
EEE b BE PR AR ST, (E ok TR

S 6. BRIVl 5 Y A% I SR RE AT Ok &R
pTy = ¢TIy () pyg NERMIEEY), HE T
W) 28 ) AR A% A s s RN 25 L, R ECREAS Bl T 21k 4 )
A TP AN 1) 2 1R R A s [R)AS s A7 B4R LE B Ok &R
DRI, SCHR [16] ATk (18] HF A AR ARANEEH T
A SIS 1R 7 B 738 A sl e R 25 0 PR S0 RAE (1) T
AR RS, STk [14] 5 T- D130 1 B ARTT 5%
T RRE TR A R R RUCR SRR R G R B E
) A S TR ARAR R, JE T SRAE ) D 6 ) SO AR
ANBEH T A ST A s AR BRAR W 28 (R R R FE R 4L
TiAh, R AR SCRISCHER [15]) BT FUI JE 2o 1 2 %K
FERYE, AT A4ERE MM Z AL T ZORE, EA
] A, STk [15) H ETzzm#%éﬁH’mu!H%
vk, %&ﬁ%)ﬁm%%ﬁzi%ﬁ?éﬁﬁﬁ%”ﬁ
AT FE A A A vt )

3 BEHIT

AT —AMA T IERLT W 24k Ho 328 1)
KIEASC TR DROBC J73E4HEL T- SRSFC 77
LA BAARAFAT . ZEWMEE: 1) &
AR B N AL, WA T L
7 DROBC Jj¥Ml SRSFC J5vk. —Ji T, 4
€ Hoo PERE v, AEAFRFEE M N T DROBC
J7iEF SRSFC Jr ik vl 474, B0UE T A TR 4 1)
DROBC 777EMH T SRSFC J7i e {iiF Hy PERE
v MRS N REIEPE T N HSRAE B, 5T, bt
7 DROBC Jj¥:HM SRSFC J7 1 bifi A% J& 191 4
N, Hoo PERE NI ymin HIZRAGEEF 15 HIAEAH R
KFEEFE, DROBC J5vEH /N Amin, HFR
FEJREE K, SRSFC J7 v M PEEAE Yonin B IN3ZE K
T- DROBC J7iEMIPEREME i 00, 2) LY W4
A AR ECLAHREEETIEE N, BIET
DROBC J5 ik 24 k.

18— MBI RN AR R 20)

{ (t) = Az(t) + Bu(t) + B,w(t)
(t) = Cx(t) + D, w(t)

(14)
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1
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HAb A MBS H MM M = 10kg & /N7E R
H,m = lkg £ FHHE, | = 3m LEET
K, g = 9.T8m/82 FEE S, RE 2(t) =
[y i 0 e‘] Ly B TRORCE, g NIR T O,
0 JIETHIEEA, 0 WIR T, 2(t) N2
WA wt) WA TGS, MR AR, 24
SERE AR A 0,0, 1.8074 FIl —1.8074, PRt 478
BRI, RE (14) RAFRGER. TR
F, RSP I Tl 2 = [y, 9]" Mz, =
6, O]T. BREALE DMV FH AR, AT R P A i
KWy, BPHE 7100788 RS, 1048 HH BE g A%
IR =W o, BIFE T M RIRESE M. L TAR
ISR, B P AR AR SRR R N Ty, PR iR
BABIR S ICRAE AW Ty, H Ty > To.

1B/ 1. YA EME EaN, Wik KEmE
dy = dy = 0. BB LA 7 = 0.1s, Pz =
0.01s. Ji4k, tHyE 2, AR AN T 1k %
I T = max{Ty, Ty }. SR, (B2 M Hy TERE
KTy =200 F, & 1 L TARRRFEE N R &
# 2 (DROBC) Fl#fie 1 (SRSFC) w171

YR EM L EAR, W KEAK d =d, =
0. HUEHWE R 7 = 0.1s, fEE R © =
0.01s, T} = 2T, T = Ty. Wl 2 /R T BIEXFEH
W T R AT ARV Hoo PEREACERIR B Yo
AL

M 1T ELE H, DROBC i SRSFC el i
VERERIERAE M. SANERR), M T =028, Ty =

0.1s i, DROBC J/¥ERRIAT; 4T > 0.056's B,
SRSFC JPEANIAT. T/ R RAE i W R A R
TR 8% (10 A H e 00 L AF N b 38, iE— 0 b2 53
X 286 4 et 10 25 A BT [0 R 25 B 0t A R 8 - PRI,
EPRIE Hoo PERERIRREMEMITTEE T, NAZA W Rk
FRAE R KA A, DUORUIE W) 26 BEAE Jlt Tl i A% i 58
2 E B Ny T RS HbAL L DROBC J57%
F SRSFC JiikAERAE Hyo TEBERTHE N /b R
Z A%, ANGiE DROBC J7vEMISREEEN TY
=0.2s, T, = 0.1s, SRSFC J/VERIRFEH N T =
0.056's, FHZ& 1 %M Fofr 42 ) SHEM TS BE /145 7€ 1 Hoo
PERE v = 200 N ORUEEI NIRRT (14) mIMHEE
SEVE. ST ST, 1 F2 N SRSFC J5 i
TERFE (1/0.056) x 4 ~ 71 MdE, 1 #24 DROBC
JiiERTEERAE (1/0.2) x 2+ (1/0.1) x 2 = 30 4
B, BT HRA R S AL IS« Gl 25 11
B> A 2 TR SR, MG, AHEE T SRSFC U7
%, A3 DROBC J7v2: RE A1 5 2 I Hh o /b KA
T EE N ORIE T 48 M Hoo PERE 4.

600 ,
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Kl 2 I/ Hoo TEREIKT ymin BERFEIH T
IR A
Fig.2 Changing trend of the minimal H performance

level as the sampling period T' increases

i 2 TTLLA, A SRR R ) T R,
FHELT- SRSFC J5v%, DROBC JivEAi /N Ho

R AFRFERT AT TR LA

Table 1 Comparison of the feasibility under different sampling periods
(Ty,T») (0.02,0.01) (0.056, 0.028) (0.06, 0.03) (0.1,0.05) (0.2,0.1)
DROBC K K K KRy K
T = max{T1,T>} 0.02 0.56 0.06 0.1 0.2
SRSFC K K AT AT ANHAT
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DROBC J7VE M e Z181K, 1 SRSFC Jrikn]
FOVFI Ymin FIBHAE T BRI B 14K

&/ 2. %8 W4 S . ST RAEE
T RS %, B ER 7 = 0.1s, f&4
N T = 0.01s, &N RVFRIRIEL: ZAE d
=dy =1, WAARFEIFERFEEI Ty = 0.04s FI T, =
0.011s, BUE 5 Ff a = 2.5, H,, MEAEAKT v = 35.

P B 2, T SRAG P T A RO 38 1 25 a0 R

K = _114.8 232.3 1766 1028}

M= [41.92 8871 7176 423.1]

[ 1915 —1.611 6.586 3.242
I 0.2478 —0.8840 —2.635 —1.693

—0.1604 —-0.5017 —2.200 —1.414

i 0.2204 0.7808 —1.805 —0.7188

AL S IR A o = [—1 0.2 0.5 0],
MM ZHIUIRAS A [0 0 0 0], AMFTFHE M

e {sgn<sm<t», ¥ e 0,10
0, Al

Il 3 R T HAT BRI T4 XU KR R A
2 A bl R IR A B, [ 4 JE R T NS ERE
FOHAT BR A THR AR SR SR AR R 2. 24 ¢ >
10s I, w(t) = 0, NI 3 FIE 4 ATLLE 1, R4
25 U RO 35 -3 2 0 R A I S A i
LU T 43 DROBC J7 AL A ) 9 4 7 5 o
T PR A S 1991 380 T4 X T4 0300 A b 59
Bh, V) E T 2 PR R L A7 4, ST
RFIET: 2 Al 06 BT HE A ) T T 1
GERIRISMT, 2 SCHFHHL 9 DROBC 77 v LB
BT

4 ZEig

KW T —RBERFERG ML H $5
) R, Horp L8 T AL B S 4. Bk
TR W B 456 GORAS R R B Af ok, Bt TR
GRS, ERERFE RS M A Hoo #5111
TGS Ay Al AN IS AR I (R IR S RS H oo $5578 1)
. i Lyapunov-Krasovskii 32 7775, 2hH T &
i) Heo TEGET HTAIFERISS VT J7V5. B, diad
—AMEISLIRG 1, XA SRSFC Ty ¥ MIAR S
1 DROBC J7ikit T4, 25415:4F T DROBC
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Fig.3 State trajectories of the dualrate sampling system

via the networked controller
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Fig.4 State errors between the observer and the plant
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