Proc. 42nd Allerton Conference on Communication, Control, and Compuaiteyton, IL, Oct. 2004.

Regularized Robust Filtering for Discrete Time Uncertain
Time-Delayed Stochastic Systems

Ananth Subramanigand Ali H. Sayed

The Kalman filter is the optimal linear least-mean-squares estimator for systems that are described by linear
state-space Markovian models [1]. However, when the model is not accurately known, the performance of the

filter can deteriorate appreciably. There have been many approaches to robust filtering in the literature (see, e.g.,

[2]). In [3, 4], frameworks for robust filter designs were discussed that perform regularization as opposed to de-

regularization. In this paper, we pursue the design of such regularized robust filters for state-delayed systems. We

also allow for stochastic uncertainties in the state matrices and deterministic uncertainties for the output matrices
and design a robust filter that bounds the state error covariance matrix. Thus considelimensional state-space
model of the form

Tr+1 = Fop+ Fyxp—r + Guy (2)

yo = (H+dHy)zg +vg, k>0 2)

where {uy, v, } are uncorrelated white zero-mean random processes with covariance métrieg's = Q) <

pul, Evvl = R < p,I, andx, is a zero-mean random variable that is uncorrelated With vy} for all k.

Here, the symbof denotes expectation. The uncertaintiés, are modeled a8H;, = M A, E whereM andE
are known matrices, whildy;, is an arbitrary contractiorj,A|| < 1. We shall consider two types of uncertainty

descriptions for the state matriX. One type is in terms of polytopic uncertainties and the other is in terms of
stochastic uncertainties. We assume thias$ described by

F=F,+0F, 0F,=NALJ ©)

for some known{N, J} and \ivhereAk is a random matrix whose entries are zero mean and uncorrelated with
each other, and such th&\, AT < px I, for some known positive scalal . Moreover,F, lies inside a convex
bounded polyhedral domaif that is described byn vertices as follows:

K= {Fo = zm:aiFi; a; > 0, iai = 1} (4)
i=1 i=1

Our objective is to design a robust linear estimator for the state varighdéthe form

Tppe = FpZpip—1 + KpYk,  Trgip = Felpn (5)
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for some matrice$, and K, to be determined in order to minimize the state error covariance matrix and where
denotes the centroid of the polytojig: F, = L 3" F;.

=1
Robust filter: For positive definite matriced’, P, and P, of appropriate dimensions, and matricgs S, andSs

such thatl < (Sl S3>,define
ST Sz

F, = F.I-BWETE-WH'R™H), K,=F.WHTR™!
Qi = FE/P, Q=KJP,

whereR~1 = (R — 3~'MM7T)~* for some positived chosen as explained in [3], and also define

B —Ss3 J 0 PPF 0 0 O P 0 0 O
x| % % —Q1Fy 0 YT = | T QT 0 0 L 7= 0 P 0 0| (g
JT 7F3"Qf SldeT(PlJer)Fd S3 0 0 0 0 0 0 I 0
0 0 Sg" Sa 0 0 0 0 0 0 0 I
where
B 2 P —paJ°NT(P,+ P,)NJ - S
J & —HTQ,— Q. +F'PR,
J & —FI(P+P)Fy+H QoFy+ Q1 Fy
Solve the following convex optimization problem over the variaBlBs, P, Q1, Q2, A}:
min Tr(puGT(Pl + P)G + pyA) (7)
subject to conditions
X VY A Q2
(YT Z) > Oé], ( %ﬂ P2> >0 (8)

Then sett, = P, 'QY, andK, = P, ' Q7.
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