$21 5531
2004 5 6 A

EeN I
Control Theory & Applications

5 & A

Vol.21 No.3
Jun. 2004

XSRS : 1000 - 8152(2004)03 - 0327 - 08

ETRSESHREMEITFE

EUh, HFEX
(X% AL, JLEL 100084)

RE: FEANAGKRSMEITTERNRESES  MERNEES IS 0E8RF82FF Bl —fET
REES(HEEEANHE)N AGRSMIT T BAR M ESEE CHAEHESNES ZrEEEEe
ML IAE R BB RREDEROGE RIS 5 R REMA T R BH RS AR M H LR 54188
BIHE TR I SR REM R Ik 05 B0 50T 80 SUR BT 18 1 B RS A1 7 36 T LU B 0 R S R
AAGITHERE .

X8 REMit: BREGES: BERES; SMERAEA (M)

hESHES: TPI3 SCERFRIRES: A

Approach of state estimation based on hybrid signals
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{Department of Automation, Tsinghua University , Beijing 100084, China)

Abstract: While only continuous signals are utilized in traditional system states estimation approach , information contained
in discrete measurements is ignored. A new approach is proposed, that makes use of these continuous signals and also those dis-
crete signals. In the proposed framework , information contained in these discrete events of system, denoting the changes of dis-
crete signals, is involved in system states estimation as those continuous signals, and then the novel state estimator is constructed.
Stability conditions and design procedures for this estimator are also discussed. The simulation experiment demonstrates that the

proposed approach based on hybrid signals could improve the performance of system states estimations.
Key words: state estimation; hybrid signals; hybrid system; linear matrix inequality( LMI)

1 5| & (Introduction)

R TR, RERSMMiTE2—MEZ X
LR [E)E, X REE R AL NS EEZNER . &
REFXFVESENYHEE AT BET
REGRE. AR EN YR, X REVFEH
st TaA R ELXRRES, i FEFHH
AR EMFE, BT ESBTRE R AELE R
M, s —E oSBT e R A E R =) %
TSR . X Fhos 0 AL B 7E SC PR R RS S A
B, BB R RS LSRR EEER/ L, M
HENE AL REPEELBRXFHEE, &
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BEE SRR (EERREBES) TR ENERRE
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F, AR TR E TR AN . A
AR ECRA—F 5301 AR RS
ELEE S MG S R BI85 = 157 . 72 Ck [ 2]+,
Schnabel F| B B B R EMIEL RGEARE, R
BSR4 RS %L (verification) 2SI A s, A—
MRENBEMHEREWES PR, BE ARG
R RS REELTEH , 4B M EH
RERMBEHREMFZESMEITHOTEFRER, &
FRUNREREM TSR, EEEE2WERKEN
RE SCERBIHITE T 2R LR AR
2 [0 AR IiE (Problem formulation)

AR EEE A K EENERENE
B, mAE#HATREM AT R R TELGESNE
BIES AR —MHEGERIEEOH RS, @2k
ASMRIMERR) , X RS LS PSR4 4 ik

x(k +1) = Ax(k) + Bu(k),

ye(k)
y(k) = yu(h)
WEHRE 0:
Ze = Yer 2q = T'(ya). (2)

Hf . REAR € BAFRR u € 7 i E

]: [g;]x(k) = Cx(k). (1)

Ye . - -
)’:[ ]6Rm;ﬁiycef.m',deimZ,ml+m2:
Yd
m; X ERET R A € 2, B € 27, C, €
C.
F,le",CdERmZX",C: [ ]Gimxn;zcéj‘,m')djj
Cq

EEMEmME;z, = (2, 2R) € Z, = 11,0
x ox {1, ng, | NBA(ERD WEPE, (1,
n| FARE 2, WEALCEN) fi A FRE (E B
BB BERARN); :(0,0) x 5™ — (0, )
x | REAAHE TR, EH RGBT E g5 i i
RE B9 2 BRSH R 0of O ) VESA HH (LABREEROR )
SEMEBERUE S (BB R xd v a il BB AL T
AL, BETEHRE, BT RER ST e B stk
RIBMEHN . SEEHE SO ARE B, &
HHaEIE R NEM M, BXFEANEER
BAXE R R A7 S R AR TR —#EE, X
SR A4 TR 24 2 A A5 B Ay . o] i i R4 AY 2R
55 2 MBHIES 2, RAETREEHRE x(1), &
FHA AT SR FH M, X R A SO E BT T A (Rl
EEH#E CHRGEHE S NUETEO, W
A u(t)(t € [0,0)) FHESLMEME 2.(k), AKLH

SOREFF) (k) e RERABIET 2(2).

RE X 1] AT K 1 ( detectability) ] R GE(1)FR K
AL B ( detectable) , SARFFE— L, (ER R (A -
LC) PR FFE(E L T

EX 2[ 0] W (observability) ] REE(1)FR N
AT LA (observable) , IR FFE— L, HFERE (A - LC)
TR BB R R P EERE.

AR ) e SIS BA AR Gl i R L AR I &R
S AT EAE B ; VT UM A SCRR R LI R 48 W7 LA SE
UL Th el &b B =N

fRi&

a) RG(1) 2 VTR ;

b) X {4, C | FERRETLETHM.

R KRBT BF L, §ERiHFA
ELE SRS, RERITAHERGES (F
) % B b o R S # AT IE . T | T e —M A
o, R TEEE S (B MMETHEE T, REH
HAaEEX EMRNSE 5 BNETREES
ARS8
3 f&it75 % (Estimation approach)

3.1 H#HABREHRHTRE S (Discrete measure-
ment event (DME) and information it contains)

BASHAIENETE 0 BT BIM B R
B, 36 Aot B A B RO B8 344, DA B X
seEAHERAANGE. ANETE 0 MEE
&8

7q = [z(l1 zZ’Z]T =

Py = [T = Doy,
PP’ 2
1, Yas< Fis
2, ¥< i< 75
gy = Ti(yy) = 1 ¢ (3)

~n -1

n -1, 337" < vy

A

n.
L

7,

Ln;, Ya > yp-
He: o, B ANE AN AT RA M E SR RS
B, 70 | RO R 2 KRR ¥, A
{EBRI A MR AZZH n + 1B - 0,711, (7,
721,00 (5, + o) s BATRREK T 1AL T AR X LY
B oL BB AR 2 € 11,0l

AT 45 B Rl 2 342 .

EHAREG MEBWEME L KETAR,
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3.3 E?ﬁﬁﬁ]lﬁﬁ@ﬂﬂ']%(Obsewer based op
0, if 22 (%) o ACINY continuous measuremenys )
%= {1, 500 s s h ) J‘X’t‘ﬂ@ﬁﬁ%ﬁ'ﬁ@%,mﬁﬁﬁﬁﬁﬂwiﬁ
o = H#(Wﬁﬁ&‘“%ﬁiﬂﬂﬂﬁ%#),Eff%f’lizﬂﬂ‘iﬂ 7 4

X R 4 s Eisms g AR 50

RET %3ty U8 RHERm
IS L 1y %

28 645
Yo = 7l 50 < 5y ) (k- 1) o J+1) 20k + 1)=A:ﬁ(ls)+Bu(/r)+L(yc—Cc£(k)).
or (zi(k) = T+1) A (z(k-1)< ;) (4) (7)
Hejeyy,... "= 1 AT e %is Yo ) 2R IR 2 12 ¥e E‘E%Eﬂ%%*wﬁj?—m, c.|
= Eﬂ%ﬁiﬂff%%#&ﬁﬁ@@w%a%%ﬁ- ‘ A o0

8 m, ﬁ%ﬁﬂﬁ!ﬂﬁ$#&ﬁ@é‘f§ﬁéﬁé‘ﬁ~@

BT N

) b;%xgﬂﬁ,&ijt%% Wﬁﬁ@m.&ﬁiﬁ%ﬁ%mﬁ,

SFIH 1t g K& zm,x " RHfEg Mgy, €zm, B &#ﬁfﬁﬂﬁ&l@‘ﬂﬂ%&ﬂ@i@ﬁ%ﬁlﬁ L 18w a8 40

TCR B s o, Co: i+b%§ﬂﬂ§ﬂ%‘%#f&*1%%(ﬂﬂ“§ﬁzi&@?) HFUTF
K - diag{ ¢, , 9G], (s) E B

Yo= 5(z) - [Fas e, 3 E | ﬁ%}%%mﬂﬂﬁz&%ﬁﬁ (4,¢.) £ay

3.2 5?%5&3@']!%#39 58 I‘cﬂﬁ?ﬁ%fﬁﬁﬁ;‘f ﬁﬁ’wﬂﬂﬁ,ﬁuﬁ'@ﬁﬁﬁ~/t\i’a‘ﬁ:§ﬁl¢ PR TR %

Jected estimation Method bageg informatjop

%ﬁ%ﬁ%%%ﬁﬁﬁmﬁﬁﬁ%‘,
(4 - LC)TP(4 _ Lc,) -
z%:‘iw*fv‘*Eiﬁiﬁ%ﬁﬂﬂf!ﬁ@fﬁ%ﬁaﬁuﬂm

W5 g gy 4 ;(igzﬁ%‘ﬁ’%

BX 4 R YEBR(w) _ N(CT).%&I\,/%M?%E% -
-M:~0,E¢'Q>O,#— e(fs+1):(A-LCC)e(lc).
EX AR,y _ T My. T Hilbert Ll gy "’s‘fﬁﬁ%ﬁiﬁ@ﬁ 4

&2 %"ﬂiﬁfﬂ%%iﬂﬂ%ﬁ
Fig.2 Generaj Iuenbergcr observer
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3.4 B TE&ESHREINES(Observer based on
hybrid signals)

AT RGR TR EENEFS 5,
REEEEHNEES, HiEa: KA E A
BRI PR AR 758, AN TN
P A X 2 AT SE B B B B 15 5 HERR 7E R SRS A
AT B 40 N R — APk AT 3.1 79
T8 O B B0 B 28 14 T H e T & 045 B 2GR
(4, R 245 B RE A . A SO MWL s R T R h R
GRS M 7 . 1R s A 8 BT A A B4
SANEEEEES LA TERNEES (Bl
MEHEG), TASE—MEEARE . ELE 3.1
2 A T i 2 T B RS SR 2% B b b, A< OB
BREMETESGFESHRS WM NE 3 Frx, &
FHCFERE X 3.1 TR .

XTEE B2, B 42 R S 2% A R G 2
- MICHCMTICHTK(y - yy), RTH K €
Hop M e Er R EREEER TR -
LCC)TM(A - LC.) -~ M < O XA IEEFERE. T K
= diag[o‘l,"',amvl], H

0, if z’;](k) =z‘;](k -1, )

T {1, if 2 (k) = (k= 1),
HBAESE 31T . X—TME LREAERN RS
B HE B REREMITHITBE. B X
2§ A U T #ESENEFS , WRH T B el
B4, LAY R TIRAE SHATREWN,
B Fr N EIR S 1F S BRI 28 , TR A

2k +1) =
A%(k) + Bu(k) + Ly, - C2(k)) -
M CUC M CH'K(34(k) - yq(E)).

—'m xm,

aea !
=1, s I 5.

(9)

-]
LA
S

u(k)

G P
L& |
TP <o

K

MiIc§(CaMiChH

M3 ETREH
Fig.3 States observer based on hybrid signals

SHPRS R 25

BN -G, BN ESE T UREER
GeRAERT R[], BRI AT RE 7,(k) = y (k) (BEIR
SREE SR X T R G AR (6] & BOm = R BN AR
LA BV 3(k) = yo(k), FXFHELEAE
LR
3.5 ETRAESHRAEY N 2E1EHEE 51 (Analy-
sis of states observer based on hybrid signals)
3.4 TR §2 i i RS 28 77 72 (9) Al B AE B
AERGE SR —ERAT R H R IA R R 2% (K + 1)
= A2(k) + Bu(k) + Ly - C£(k)), FAGTTHYIR
ZIE e(k) = x(k) - 2 (k) ;5B HMEA B A
BRFIEEHERX TG REREHETBE
g (k) = 2(k) - [F, Fu JK(§ - 74). H
THEME K B AN E AR, Hi, X—
A BT R A & A xRS A T AT B IEAE A

BEM TR ZMNEREEERBE N V(K =
e(k) Me(k), MAETREFES KRN 2R E
PERIBIE LA T AN T (e B e 2 ) shAs BUARAEE -

a) Wit L RUEH T 42 & (A LI 85 f) £
EME;

b) ST TE i BB B 1 RS BT EEAT HOR S B
EAR2 5 R% V(E) 3.

FHE—AERE,3.3 THER 1 CEMRT
AN EIRE , B FE F8 1 P ARG X PR IEE R P
SRRATT BRI ERE M. X EERRNES
)R, R AT — A~ B AU LE B R B9 Al TR 2 40 5
e e(k) A e™( k), %t oL i 2= HE I 08 5K B B4 o) 2
e(k)"Me(k) Fl e (k)"Me™ (k) , LT X PEHLT
LA
" (k) TMe™ (k) — e(k)TMe(k) =
e(k) - M7 CICM'CD)'KCe(k)) ™ M(e(k) -
MICHCMTTCHKC (k) - e(k) Me(k) =
— e(B)TCTKT((C M CDH T C (M) Me (k) -
e(B)TMM ' CT(C M C)'KCqe(k) +
e(KR)TCTKT((C M1 CHD)TC (M ")TMM ! -
CHCM'CH'KCpe(k) =
—e(B)TCIKT((C M CH )N - K)Cyelk) -
e(K)TCHC M CY) ' KCqe(k) =
— e(k)TCHC M CH'KCye(k) =

~ (g = 5TEIM € K (5 - 59) < 0.

XEAMAT K B mRE A SERAER), i

(C,M™'CK HS5HI T 12 36 S E ). [ 45 3
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gk, BRI e s B =T S mE B X RA W
e AR YR 28 SEAT I8 IE AN S 1 LI 28 O 2= M2 18
REBHOEA, AT BRI TR e .

EE 2 RERZG(D)MFELEYS (A, C) 2T
I R , R FE— 3T M 2L T AR
FHEBRRAFATENBRTE,

(A-LC)™M(A-LC.)-M <0, (10
AATE 3.4 TR WA TR A S HRES WM 28
(TP AERREFITSEIE.

AEFE 2 FEBA AT LAGS & e T | FAT R
BHAW,XERNEER XEXTF (4,C.) B
WEEE T BRI EE T, MR A B2 &S,
BI(A - LC,) AAREMM AT A4 R EHES
KEAEMEIRRE AT (A - LC.) HR—E&G,BRAaW
W28 MR ZA R BRI SR E

ETR 3 IR () & TEHSW , MR FEME
B P, € =2 > O AT > 0fFR TR

g(A‘LCc)TA‘k(I _ PZ)TM(I _ Pz)e(A-LCr)Az,r _

e MM < 0, At < AT.

Hed P, = L, = M'C(e M 'CDH'KC, €
=T A RPRKE BN R E G R4 IR

iE 2 e=x(k)-2(k) BHREIRE,EAKB)
ERIT

e(k) = (A-LCe(k),, YEk,

{e"ew(k) — (I -L)e(k), Yk€E {kIZ,.

EAHRABY (k) = eACn (1 -

L) e Lle0 Aty = 1, - . % V(k-,e) =
e(k)TMe (k) HREFTEMER LT HRXBE. L4
£k + 1| RZIM RS RRRERN
V(k+1,e) = e(k+1)™Me(k +1) =

e(k)Te(A—LCc)TAt,‘(I CL)TM(I = L) et 0% (1)

1B 5 B AP 0 2R A 1 R S L BN
e(A—LCt)TAt*(I_LZ)TM(I_LZ)E(A-LCC)AL,‘_e—AAtkM <0,
A
E’,(/a.ch)ka(1_Lz)TM(I_LE)&,(A—LCC)A,‘k < oAby
e(k)Te(A-LCC)TAt,‘([_LZ)TM(I_LZ)e(A—LCF)ALke(k) <
e **he(k) Me(k),
V(ik +1,e) < e *®V(k,e),

V(k +1,e)
V(k,e)

A V(k,e) = e(k) Me(k), % s > oo BYIRZEH

< e Yk E T,

BB TZF.
4 RS MBFi% it (Design of state observer)

MU ERBETFRAESHRMBH SR LUE
B, EMRITE.CHE R RIEEEE P(RE
M) W3R, A SRS B E R L SR
SWRIER L, M. gEELH LT ik
W ETE | PR A TR AL

w1 R/AE-XNWHFIEEHEE P, IBLAER
(A-LCOTP(A-LC) - P < 0O%HTF

P PA - YC.
(PA - YC)T P ) >0
He L= ply.
Q

S
E A schur a5 (5 ) > 06 0 -

SR'ST>0=0Q0 >0,R-S"0'S > 0,HH R, S,
QAN KER. S0 =P,,S=PA-YC,MR =
PRASBRMEL = Pi'Y, B4 LEHFSR
FRENE.

mitk, RV REM A — N EBEAF AN
KIF XSRS A F LMI R g pe iy a8 ( WSk [6]).
Hilt, rit M E TR S ESWRSHIR TR T

(11)

ith_?
a) HAERRMMA M EAREEELREL
P PA - YC,
> 0,878 PAIY, HS
(PA - YC)T P
M= P;
b) SLMEHKE M L MBS S 89 i3
FEEE L, 535N
L=P'Y,
L, = M'Cl(c M CDH'K,
AT LR B X0 €% 5 32

£(k+1) =A%(k) + Bu(k) + L(y. - C.2(k)) -
Ly(9,(k) - y,(g)).
5 {HEBHIF(Simulation example)

Gl 3WRS.

A th 3 DMEMR, E 4 FR 6 3 8RS
WA, THE 1 MIRARR fi = 0.0lu, m/s, &
Hl R

L {l, x] H,,

0, x, = Hy,.
3INMEMBNEE 2,0, fl x3 BREFORES,# 3
WA I A S M B, HE 2 M1 aRlE
BT 3 MRAME R BRI R {E.
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0 0 8.3709
uw(e) = [ucfw 117, C=|1 0O 0 s
0 1 0
[0 2.3438
(3] 0
A ][ I
0 (2]
0 0

AP 3 foul

Ma 3RS
Fig.4 Three tanks system

SREUHLERIAEZRAT B(RES R L H#R
SRR
£(t) = Ax(t) + Bu(z),

y=uj=caw+puw.

Hep
r ~ 0.01253 0 0
A =|0.0089488 - 0.012178 0.012178 |,
L0 0.014207 - 0.028159
2 - 0.0062642
B=|0 0.0011864 |,
L0 - 0.0000704
= OvEr 013265
= 5
>~ 0 . ‘ . ‘
0 50 100 150 200 250
S 0; . RGHE
T TSR A
0 S0 100 150 200 250
s 0; [MEI=3.3022 REH
R OSSR

50 100 150 200 250

0 50 100 150 200 250
B s AR
Fig.5 Results without discrete measurements modification
6 &5it B i1t (Conclusion and discussions)

A SCHF T B I A BRI M B B R E S +
FrEEHER RERSMITHAFBEN L. B
EREXLTEHNEBEMS, AW T ZEHIEIH
BHER R e AR REREMITP . XH
BRETEREAMETRESGESHANE, b THEL

o) Moy FAIRME £, 5 x, KERSHEBNEE
& SCAngT . CRAERTIE N 1 s r R B Et /e,
LMI BARTHE M3 (1) MR A SR TR 2

T 0.6121 - 0.0021848  0.00002044
P =|-0.0021848  0.61194  — 0.0057248},
L 0.00020439 - 0.0057248 1.0099
M- 1.0292 x 10~
L = 0.0014548 ]
L 0.1161
1 0
L, = {4.3368 x 101 1 }K.
— 0.000020238 0.0056686

SRIGHI RN 35 (9) P A R 5 A 6. B
MEI(mean error integration) N ¥ H#iRER R KK
SERXUAAEHEMN TREEMRSMEITRAN
Y, Bl R PEREE PR R LT 100 {5 E AT IR
R DD Ak), KRk R KN
N(0,1).

10 MEI=0.064365

% 50 100 130300 250
< [MEF1.7076 SR
S O AR A

0 50 100 150 200 250
= 0.5 MEI=] .(?34?‘ o V{W‘“ﬁ A S
E PR3 Y Lt ¥ JR?&C\E{Q

0% 50 100 150 200 250

K6 AEBMEEEEY
Fig.6 Results with discrete measurements modification
UL 25 R 7 A I SR WU BAS St 1T R RS T
RS b, R RS B B H A TR S MR AE R
MIHATELE , BT UEFER—FERE
AU P4 M AR Z RN R 4 BT
b HAERA BT {2 th R T IR R A R
X BRI A EHET AT IS H— BT
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B RS A SR (T L8 SREUMgSE )8
ZRA L BEE— BB T X REREM I BT H
REZESNEFS, MBI EESHRABE
FESTHINL A L X AT 500 B IE R X 1 BRI , TR P A5
AW BEE S REME TR, (7 B3R T &%
BERATH. EGAG T+, SHE SRR,
AF RS T, X 2 AU S AR B L S T TE

H EATRARE M SR RS EE

HACIS R AR, EME R T R (5 R B
AXPRREMITEERBRAER. ZHEERE R
SRR P RLA BT, B AT LUR R R AP fFE
WEHGESHB M AANERFES 2T ENE
RO SRR T B T 4 AR B 28, o st 2 ol MO
THBERETRA T T RRUE UL E
X RMAMIRE S5 . 75— J7 |, BriR I ki %
AR RA T ENEENSE A, f4n
FE RS M R GRS RIS (0 pH H R SF)
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Bt 3% ( Appendix) :
3RS
a) XF3BAGNIFRHETRAIUERA

RN ETREGESHRESMEITNE 333
R A
%)
% =| %] =
%3
_ A -
- 2 X;
A,V .,
A 1 A 2 Al
Aiz 2gx,—-ALngn (x3-23) v/ 28 | 23~%, | |+ 0 fin-
Ap:’. Ap3 0
—sgn (x—%3) v/ 28 | %p—2x3 | == +/ 2g%;
L A3 A3 =
Hdr.
Ye AP3 LV 2gx3
Yy = 9’:‘; = x1 .
}’é x2
MEFRE.

Ze = Yerzq = I(ya),

Hy, if y; = 0.6,

Hy,, if yl'] = 0.5,

Hy, ify}=0.4,

none, else.

Hy, ify2 = 0.6,

Hyn, ify3 = 0.5,

Hy, ify2=0.4,

none, else.

Hb &N HENBREMA: 4, = 0.002 n’, 4, =
0.002 ", A3 = 0.002 n’; & HEMBMENEH: 4, = 0.5
w,A, = 0.7 m?, Ay = 0.6 m; BEIERBERNE Ay, =
0.7,H,, = 0.5, Hy = 0.3, Hy, = 0.7, Hy, = 0.5, Hy = 0.3.

MR B o 1
0, if x1 = Hyp,
U, = {1, if xy < Hy,
unchange, else.

RASE BRRENEN
%, ~0.01772 v %) + 2uc fin
} = | 0.01265 % ~0.01265 v/ x5 - x4
0.014765 +/ %, ~ %3 ~ 0.014765 / x5

Yo = fox = 8.8589 %3(L/s),

1 00
Yo T [0 1 b]x
b) BRI,
BR ¥ f(x) #F %o AL HY Taylor HFUBR I H— WL LR ER
%) = flxg) + £'(8) |E=,0(x ~ %), XBVx ~ V5 +
;(x-— xp) = «/;0 y—2
rIVET ° 2 T2/

%3

, LA 5 = [0.5,0.55,
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