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Abstract: For the linear discrete stochastic descriptor systems, the smoothing problem has been transformed to the
filtering problem of one augmented state. Based on the maxinum likelihood (ML) linear estimation criterion, the optimal
full-order smoothers are presented, where the filtering error variance of the augmented state is presented based on the
descriptor Riccati equation. When the variances of the process noise and the measurement noise of the descriptor systems
are uncertain, robust full-order smoothers are obtained based on the max-min robust design theory and the optimal full-
order smoothing algorithm. Applying the dynamic error variance analysis (DEVA) method, the robustness is proved,
i.e., the variance matrices of the robust smoothers have upper bound variance matrices. Simulation example verifies the
effectiveness.
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full-order smoothers and robustness analy-

sis)
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Table 1 Robust 1-step smoothing error variance matrix
and its upper variance matrix at k = 300

k = 300
[ 0.2827 —0.3874  0.1046 |
P(k —1]k) —0.3874 0.8448 —0.4574
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6 %58 (Conclusions)

St T2k H SN RS, RIS RS
J5 1%, T A% 1) AL 3 DR A 1 08 il 2% )
TR P AR AR R At T v )45 2 3T ) Y Riccati J5 72
PIEEHE i g, MEEYT ARG A A e S
GEit i, A AR /N R it TR, B T
T8 2 b PR 25 05 22K, FHIE A a2 & p
AR 25 ZEREAFAE— A L0 255 R

B 3k (References):

[1] FAHMY M M, O’REILLY J. Observers for descriptor systems [J].
International Journal of Control, 1989, 49(6): 2013 — 2028.

[2] DOU Y F, RAN CJ, GAO Y. Weighted measurement fusion Kalman
estimator for multisensor descriptor system [J]. International Journal
of Systems Science, 2016, 47(11): 2722 — 2732.

[3] LU Xiao, WANG Haixia, WU Fan. Optimal multi-step predictor for
descriptor systems with multiplicatice noise and delayed measure-
ment [J]. Control Theory & Applications, 2015, 32(6): 787 — 793.
OFIG, FIEEE, L. e R AT I N SRR L T R AR
TRIES (7], $2H0ELS S5 RIA, 2015, 32(6): 787 - 793.)

[4] NIKOUKHAHR, WILLSKY A S, BERNARD C L. Kalman filtering
and Riccati equations for descriptor systems [J]. IEEE Transactions
on Automatic Control, 1992, 37(9): 1325 — 1341.

[5] MA Jing, SUN Shuli. Information fusion steady-state and self-tuning
full-order Kalman filters for descriptor systems [J]. Control Theory &
Applications, 2011, 28(9): 1169 — 1174.

(i, IFR. T L ARGHE BB A TS S B R IEHP Kalman)gi
2 (7). IHIEIS SN, 2011, 28(9): 1169 — 1174.)

[6] SHI Ying, SHEN Yongliang, SUN shuli, et al. Reduced order Wiener
filtering, smoothing and prediction for descriptor discrete-time
stochastic linear systems [J]. Control Theory & Applications, 2004,
21(6): 981 — 985.

A%, VKR, IhFF, 45 T SCRTERE L1 5 5t B Wienerii§
By FERATURES (7], FEHELE 5N, 2004, 21(6): 981 - 985.)

[7]1 DENG Zili, XU Yan. New approaches to Wiener filtering and Kalman
filtering for descriptor systems [J]. Control Theory & Applications,
1999, 16(5): 634 — 638.

HIR5R, 1999, 16(5): 634 - 638.)

[8] SUN S L, MA J. Optimal filtering and smoothing for discrete-time
stochastic singular systems [J]. Signal Processing, 2007, 87(1): 189
-201.



214 7w w5 N H 354
[91] WANG Z, RODRIGUES M, THEILLIOL D, et al. Fault estimation [C] /[Proceedings of the American Control Conference. Portland:

(10]

[11]

[12]

[13]

[14]

[15]

filter design for discrete-time descriptor systems [J]. IET Control The-
ory Applications, 2015, 9(10): 1587 — 1594.

XIONG K, WEICL, LIU L D. Robust Kalman filtering for discrete-
time nonlinear systems with parameter uncertainties [J]. Aerospace
Science and Technology, 2012, 18(1): 15 —24.

EBIHARA Y, HAGIVARA T. A dilated LMI approach to robust per-
formance analysis of linear time-invariant uncertain systems [J]. Au-
tomatica, 2005, 41(11): 1933 — 1941.

QI'W J,ZHANG P, DENG Z L. Robust weighted fusion time-varying
Kalman smoothers for multisensor system with uncertain noise vari-
ance [J]. Information Science, 2014, 282(20): 15 —37.

QI W J, ZHANG P, DENG Z L. Robust weighted fusion Kalman fil-
ters for multisensor time-varying systems with uncertain noise vari-
ance [J]. Signal Processing, 2014, 99(1): 185 — 200.

XI H S. The guaranteed estimation performance filter for discrete-
time descriptor systems with uncertain noise [J]. International Jour-
nal of Systems Science, 1997, 28(1): 113 - 121.

BIANCO A F, ISHIHARA J Y, TERRA M H. A deterministic ap-
proach for general discrete-time Kalman filter for singular systems

[16]

[17]

(18]

IEEE, 2005, 6: 4045 — 4050.

NIKOUKHAH R, CAMPBELL S L, DELEBECQUE F. Kalman fil-
tering for general discrete-time linear systems [J]. I[EEE Transactions
on Automatic Control, 1999, 44(10): 1829 — 1839.

KAILATH T, SAYED A H, HASSIBI B. Linear Estimation [M]. Up-
per Saddle River: Prentice-Hall, 2000.

DAY H. Matrix Theory [M]. Beijing: Science Press, 2001.

YE A

FEHRF (1982-), 55, SR, BT FOAPRES AT 2ALIEEE

SRAA Y, B-mail: douyinfeng @ 126.com;

IR (1971-), 5, B2, WA, HETRRIT 1R R

. B 5 5 B A AL KM 444, E-mail: sunsl@hlju.edu.cn;

FHREE  (1981-), %, BIFER, WA S0, WHes e RS it

ZALBERE B R4, E-mail: ranchenjian@ 163.com.



