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ABSTRACT

In industrial multivariable plants, it is often the case
that the plant outputs are detected not simultaneocusly but
serialiy. In this paper, the problem of estimating the
state vector of the plant based on the data obtained from
such a detecting scheme is considered, and a special type
of observer (referred to as a “serial-sampling” type
observer) which renews its internal states whenever a new
data is obtained is proposed. It is proved that such an
observer can be constructed for almost every sampling
period if the plant is observable as a continuous-time
multivariable system, and that the poles of the
closed-loop systcm using the serial-sampling type observer
consist of the pules of the observer and those of the
state feedback system. The behaviors of the observer and
‘the closed-loop system are studied by simulation. The
results of simulation indicate that a serial-sampling type
observer can estimate the state of the plant more
accurately than the ordinary type observers and improve
the closed-loop performance.
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Fig.1 Timing of Detection of the Output and Change of the Input
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olth, (59)24e], TRl Ha(F, 2ol A Tool ojgt

K= B ?ﬁ:‘iﬁﬁiﬁ slgefolel2) M2l Al W

EMQE—J Wo® HinRslolsle & 4 4 sld o3l %ﬂ"‘ i
FERY LESS Brokstasgich

6. MMMl MU HoEs HY ¥ Hk

Aleld Agale) EHEE e "J 5 30 whe}l 7lol, IR
ofl A ﬁiﬂ e BAESEE Y BT tho) A fsikE)
o}3 wfrizl= QMIIQSEH EFEsHA fEdhstz] g2, =, 2e)
2 WM AR 7o) AR steelo)All- B A
IENE shxlEsty] wifofl Phat wF ERERY g <d7iglst
of A BN thhztod thsl HiFo]l B 2 sbATL. ofr)afis,
BoBER A (optimal feedback gaim)Fog Es}7)¢isted 4}
23 IMRREE ol-Esha A p-17l2) HIEESES) HAES
HEWES 22193 shbe) Kggg g

the MR Folzlt MRS AHdstol RBELRAI-S
Axrereh,

9.

@
J(xc(0),u(+) ,w;T)=l}(::([)xCT(O)Qxc(0)+uCT(O)Ruc(0) 1 (61)

@ R Z2)7b 7h7h nxn,mxeq! $HEe] 2 [FiE(symmetric
positive definite)ffFllo]ct. sifiolr o) SHEFIG Fod R
HHEGRS ASstod RE o LED BEAE) BAfE o)
7ro} FojR)ct

Jo(xc(0),ul+ ), T)=xT(0) P (0) (62)
¥ P BERO @)9hA) (Riccati) TRKS) Molm, xc(0)3: M
Mgl DHARRAE gholth. od7)A A Wm mafele] i Na) i
B yo(i-1T+0)=y(0, )5 F42] FHIAE xc (O E vheluhs?

i-1
y(0, 1)=ciAT 1% (0) +diu(0, i—1)+(:.'2 AdT1Bu(0, j-1) (83

J=1
2 Hoh, o} Megel AWy mefql Lte] BbE-L el
Fke gaqeta vk gk,
E(D)=B(1)xc(O)+p(1)n(1), i=1,2,----,p~1 (64a)
£(1)=ly(0,1),y(0,2),----- ,y€0,i)17 (64b}
Bti)=[c,T,caT, -+ --- ,ci )T (64¢)
n(i)=[uT(0,0),u™(0, 1), - -+ -,uT(0, i-1) T (64d)
di SO, e L 0,0
cz2B ,dz BRI , 0,0
yiy=¢ | (Bde)
CiAi"2B,Ci{Ai"3B, ... ,ciB, d
(6)R o2 7e] fHEEs]
EC=p(Dn(1)=3(1) % (0) (65)

7t Qoinlich, wheba], EAIC) RHEZ BERCZ S kA
PHPRRELY xc(0)2 A7Isk7)sishad = B(1)e] WiTFIe FHEs)
ofstrl. 2ei}, (B40)2HEE] & 4 L& wielire] B(i)
ixn(i<n)&Iee) f17lolng — o2 ¥1T5le) HEstAI Y
th, ejmE, EaRelM: EEsARe) BoEHE BMeste
HokolA 2] —ﬂﬁft(nmm-penmse)mﬁiu% ALggre g M A7k
HYET PHIES 2aslch &, (62
Jo=xoT(0) Pxe (0)=(P1 /2% (0)) T(P1 2% (0) ) =X TXo  (66)

Z BEErw (65 (66)3 ofgstel s
E(L)—p(Dpli)=B(1)P " 2x, (67)

7} fojRlet. (67)2] A
xo=[B(IYP~172]*[2(i)—p(i)n(1)] (68)

(672} &

7o} et ],; ol

= }xzsw (68)-2 (67)% Hally Fohjeh
7 xom of HalA ohEe) ARAS Witk

c}é

[ Ixol i<} ixo™H (69)



chaabstat (689)%, (68)0) PR BRAMS B/phzshs
L RAE %‘ﬂ*s} sieh. wheba i Hmie] Hfjo] fgHIT o)
AR @GR i 20,1 okt 3bo) FHEw
= HAE W‘E o) Fik A
(0, i=1)=AS~1 (P17 2x0) +[Ai 2B, - - -, AB, B9 (i-1)  (70)
22,3, -, p-1

o]-§3sfod (15)0) °2Jsted FHE ).
7. Bl

fodAl 11:02 Aejd AEA B57)0] BT Bam(s,
REF =) REFolM) 2x A wr) gfsted chgal Zloj 3fH
°4 HUJ % 7H (i free) Al ~slg A3k

dxelt)
P Aexel ) ye(t)=Cexo(t) (71)

dt
0 -1/2 0 0 0100
72 0 0 0 0-1 0 1
C=1101 0

“u‘ \h

n

A=l 0 0 0 -5
0 0 1 -1
il Alasle zhzb o ) MR ) s - Al
of M-S rExl glvb, oA} T=1,To=3,1=0.8°.% FI, O. 1s
Jo.lof SlERe) Mg vhxle Aeld AEUA g
shed FAES RIS ohg Ao
T=[-0.426, ~1.044, 0.328, -0.283]
hz¥=(-1.138, 1.786, —0.976, —0.953]
Al z-Ele] fkREe) % Ryl HEEMEY 2% 2(a)oll &oRshr gl
om, W#E st Fite] #AEs) B3 (L@ & vzl
3R ﬁ"iLI s atsted ol (i 7)) 2(b)
] vhebsict, “1Elo 5 M) ,(I;_x]ol sz el ml BAEES] o) ur
) P d_f} tivy N7 i ffﬁ/.tﬁi;:. 1}tMﬁ S ’*%’:

oF 47 alch

[ohal 2] o371 thgalo® ozl AARID dfsted 4]
ajel sbEelm A= szl LQGeelole] (regulator) &

uinfs I:l

e (1) -
d,g,t‘ = Aexe (D) +Bottc(t) Yo (1)=Coxo(t) (72)
1.58  —0.2077 6.175 -5.676
-0.5814 —4.29 0 0.671

Ac= | | 067  4.273 -6.854 5.893
0.048  4.273  1.343 -2.104

0 0 fvo0 1 —1]
5679 0 CC=L
Be= | 1136 -3.146 6 1 0 0

1,136 0
od7] A T=0.1,To=0.4,7=0.08%. F3, 0.1£j0.1, -o 05,0.05c>||
S8 7hxls el BEA BABS AV, o3Ae 2
o HEMERE R R Folx]= BREEC] 2l ﬁﬁ%’!?§~ be ey
t}.

J:f: [yeT(£)@yeT (1) +ucTRuc (1) Tdt

tk, Q=diag(1,1], R=diag[1,1] olcl. LaG¥e ol 2)sle] %%
3 %ol 52 ohg 3k 2ok
70.410 0.478 0.313 —0.025]
P:’[—2.005 -0.124 -1.468  0.909
HEEHR) ?Hﬂﬂf&#%
x.T(O={1, 0, -1, 1]
A B8 DIEGE . Skl ﬁtﬁl“ 21l 33k Freh,
uprbrbz) 2 WS $isted, bade] #iaEget b2
AR ] B AN el 4

oo
R

Eow mAskgich Al "l’f-’P upAbrla) l' 19 A%
egsle) MRS AHEY Ao e EE?HH%"J 73~‘?x‘f.t]’
o] &2 BHMEEG(transient response)-g- vehi 382 o
Eas OI‘;]-
il AR -
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Frlol tstol Ll BN HIRAREY S B0l T
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HEEsH-e 729 P A ~"lo] grisbe fEshaic, A]

Befo] tlofe] sfol ’;ﬁﬁiﬁw REY BSOSl
aSol fhsto) fifel o8 sbrbe #RAS A 4 s

2 #olstgic),

Aol B REY WHE) AHEe) GHERERel o) oFp

of ddwdo) siehh Aol W RS DAL A8

735 MNES) PIERIKAES) EHS 91 AL o] B asiAs

L]- }r, o.“/\-l H]-ii‘_] .3}.4%2}0 /\}gld AW%L) ,{]/\&4\0] ftiigkjol

Flza (L8 SWe2 Solch o)elzhe 4 el of] 4] 3 -

nlo) 71

Ty

EEZ A qu'ﬁ]iE?} EVEe) B (tine constant) .ol
H4 wl27) afFof n’rﬁﬁf‘i FlE7 Lz gkech. e,
ki dJ f‘lal"‘ Azel Rl SIS ) 0 (servo) Al ~glo 8.8}
R i *‘Oil WEshokdoh. & 3dofla] g QMU

e o1 et s

) g wsha)ey, 4k

BB A 7 BBler 8 solet. whebad, i Hol %
R Sl el Bgel oted wsla o
of BAY. elnz, BB Fo1h HEEel 410
Aol wleba puEEl KB FolMt, Aele memie]
BARe) =els) 201 Torh —gpMe] BIANRS) Wes) Fow

v}

o ZiA Pelsjojalae gloh. o]ehibe ey 4]

AU BNES) ) SR S RS shx)
sithut aF 3o} gleh g, A st oluis a5y
of olsl vie] HehH gy, At o Rpe) Alele) s
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