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Design of observers with disturbance decoupling in descriptor systems
DUAN Guang-ren, WU Ai-guo
( Center for Control Theory and Guidance Technology , Harbin Institute of Technology, Harbin Heilongjiang 150001 , China)

Abstract: A sufficient and necessary condition for Luenberger function observers with disturbance decoupling in descriptor
systems is established. Based on this constraint and an explicit general solution to a type of generalized Sylvester matrix equa-
tions, a parametric design approach for Luenberger observers with disturbance decoupling is proposed. The proposed approach
first gives the parameterizations of all the observer gains and then a design algorithm for the type of observers with disturbance
decoupling by combining the parameterizations of the observer gain matrices and the proposed condition for disturbance decou-
pling. A numerical example illustrates the effect of the proposed approach.
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1 5|5 (Introduction)

Bl Luenberger WL 328 42 1 LAk, Tib RAEH
XA RERICERE] NRERAHICHREAT
JEHBIRE, BB TRIFH R . ERRER
B BIR A S R W i A B T30, X 4% BRARAR
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HEEMB DI FER {55, MIFRE I 88 % F
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AR/ 280k, BT AT X R RE R T
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1, LASCRR [ 13145 tH B9 2 Sylvester R 77 B2 HY
BAEBE R, S H T LA RSE THERER
WHRFERTERS, G117 N[ SRR
Rt E s AR TR R A E R SRR ER
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BT TRGE T AR RITPRATE B B,
—$HEMBRECNE RS BE T I E. RE

BiFEE T ATt T R A 2.
2 [ AY$R H (Problem formulation)
HRIMTERET LR :
Ex = Ax + Bu + Dv, (1a)
y = Cx. (1b)
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R HE M SHOERE. ARIERSG(1) RAPE—
v, BAVBRBEREX (E,A) B, BIFF7E s € C A5

det(sE - A) % 0, (2)
HARSG(1) R R-BEXRRY, B 2 &4
rank[SE_Alz n, Ys € C. (3)
c

EARGEH Luenberger & FOULNI 28 B4 10 F — it
x:
2 =Fz+ Gy + TBu, (4a)
K¢ = Mz + Ny. (4b)
Koz c R MBS ESER; K€ R HEh
BEMBELEMRERBIMERE; F,6,T,M,N K&
MESTERE, B E TR A4,

1) ReA;(F) < 0,i = 1,2,,p, (5)
2) TA - GC = FTE, (6)
3) K = MTE + NC. (7)

YT v = 08, M TFRE(D), WA TRER
AL :
lim(Kx — K¢) = 0. (8)
HRY v - 08F, X)) —BABHBL. TRIIAT
HREX
BN MFERE),(4), BN FEMERE
B v(2), AR B, WFHRRG(4) HFRL()
B9 T4 % 48 Luenberger S 4 2% , 8 #K Luenberger YL
BAREXFRE(DFHTI v FHBRRY.
A0 B R R ARG (1) B THF R Luen-
berger WLI 2% A4 44 B R BTN RE .
3 #E#& I {E(Preliminaries)
YER WS TAE, R4 —3 X Sylvester 78
R )7 BRI B B AL R A Luenberger YLHI 28 THME R K
.
IR X TR &M (3) 8 R-EEVFEREA
(E,A,C) R A = diaglsy, sy, 5,1, FF
ik
TA + L'C = AT'E (9)
it T )
T =[¢f ¢F -~ 17,6 = H(s;))gi, (10a)
=0 8§ - 0% 0= L(s)g. (10b)
Hth g, €C™i=1,2,-,p FHHESBH H(s) €
R>™(s) 5 L[s] € R™"[s] GEFHHEAELR
SH%
(sET - AT)-1CT = H(s)L (s). (11)
FEF  Luenberger WA 2% (4) WERLE (DM T

R LI 8% B KA
M(slI - F)'TD =0, ys € C (12)
E1}
MFTD =0, i = 0,1,-,p - 1. (13)
if ide=2z- TEx,e = K& - Kx, ME1(1),
(4) ~ ()M EHR AL, (DM MAIRETER
é = Fe - TDhv, (14a)
e = Me. (14b)
FRH(14) 7T L8 3] B T B RR 2= 7% R
Bh ,
W(s) =- M(sl - F)~'TD. (15)
TR AE v M FH e >0, > o, Y HLY
W(s) = 0, BEm&HAF(12) Bk, X &4 (12) FHR
Farig3K(13).
Xt FIRRER & (12), (13) AT 3
1) ¥ rankM = p B}, &4 (12),(13)7T 4k K
D = 0; (16)
2) M&M4(12)F(13) AW Ent, v Ll 2
HEIMMRZR K p RIABBREH B B EE.
4 WMAEFi T HS K A 7% (Parametric design
approach)
1) % F,T,C WEBHFR.
AHHRYE, 7T F BUNIERILE 1, B
F = WAW™', A = diagisy,s3,", 5,1, (17)
ﬁq:'A —t:l‘W = [Wl Wy Wp] ﬁa‘%‘]ﬂa FM‘:EQ
Jordan ARMERI AR AE M BAERE, EMNHE M T 4R
&M
ARCl:s;,i = 1,2, ,p BHA,
H Res; < 0,i =1,2,-,p.
AR C2:s; = 5;08Fw, = w, H detW 0.
BRUDRARG6),H#4 T=Wr,¢= WL,
FRAUBTREETE
TA - L'C = ATE. (18)
FRESIBAEESE T, WSRERRIT:
T = W[t & - tE]T, t] = H(s))gi, (19a)
¢=wlif § - 51" 1 =-L(s)g:, (19b)
e H(s) 5 L(s) AR WAELRSEA,
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TE 1 00
rank[c]=rank|ilc(jl, (20) C=[0 ] 0],D=|:01:l,K=[ 1 ljl.

ATLLERRERERE TS RH18(20) 8. X
FEL(TE)T €7 K']" SERE# %205 T A48 B 40 RE
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P[]e - [2" . Ko - [k 01, @

Hbh T, 8 r* AT 8LAER, K € R ,r* X
[(TE)T CTIWBk.XBE(M N NSBERER
H

[M N]=I[KT;' N]P. (22)

Hep N € Rmer=m) JRAREBYGERE .
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1) REHER(11),HEBp = 15

2) R T FMSPFRAR;

3) REREBHFES Y 58,1 = 1,2, ,p 18
A(20) BAL , EEB/B p: = p+ 1 EEBEA2);

4) KEUHE R (21) WERE P, Ty, Ko, FT4H 2
F.M, T Z2H8REX;
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6) KBNS HBRARX(17),(19),(22)5 3
B AT Luenberger M52 5.

SHF RN ER/ET 5.

wH1 HTREHBTMRERMEG), NEFE
PATBEE P(s), Q(s) E18

P(s)[(A - sE)T C"1Q(s) = [0 1], (23)
M H(s),L(s) AFRAH
H(s) =
e =, 1]

WEA 2 AR R ()RR, R T, 6
5 A E LR 5 BIECA BN S B 5.
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5 ¥ {I(Example)
ZEAH M T BPMRE

1 00 -5 00 0
E=[001:|,A= 0 1 0f,B=|1],
00O 0 01 0

(24)

A LABE T — B T 3% #8 Luenberger WM 28, Bl p =
1. WTLI453)

01 0 s
+s
H(s):[l 0},L(s)=[_1 : J.
s 0
A F =5, WNE
T = [gZ g1 sgl]’ G =- {(54’ S)g2 - gl]’

0 1 0
1/g -g/g1 0O

B rankM = p, TR TINWHBRMEN TD = 0,0
82— sg = 0.

MR s =-2,g, = 12, WABZTFIHREE
Luenberger SR 2% i) R BOERF
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0 1 0
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2 2 0
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Call for Papers on Special Issue
Recent Advances and New Directions in Switched Control Systems

Recently, switched control systems have been attracting much attention in the control community because the problems
are not only academically challenging for the inherent complexity, but also of practical importance due to its wide ranges of
applications in nature, engineering, and social sciences.

For survival, natural biological systemns switch in strategies in accordance to environmental changes. For improved perfor-
mance, switching has been extensively utilized/exploited in many engineering systems such as electronics, power systems,
and traffic control, among others. In addition, switched behaviors exhibit in social systems.

Through the simple nonlinear switching mechanism, much more complicated behaviors/dynamics and fundamentally
new properties appear, even for switched linear systems, not to mention the much more complicated switched nonlinear
systems . Despite the theoretical complexity and difficulty, switching brings an additional degree of freedom in control sys-
tem design for better performance in reality as an added advantage.

Recently, rapid progress in the community has generated many new results and powerful tools. It is high time for us to
have a special issue to consolidate on the recent advances and to move on to the next level for future development.

The special issue welcomes contributions in fundamental theoretical developments, novel applications, as well as survey
and future directions. Papers are solicited from, but not limited to, the following areas through feedback/switching:

* Robust Stabilization; * Controllability and Observability; * Disturbance Decoupling;

* Optimal Control; * Physical Applications.
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