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ABSTRA

The purpose of this note is to examine
steady state bias errors that arise whe
realization of a2 Kalman-Bucy filter are
ters. It is shown, under suitable cond
Kalman-Bucy filter a correction siznal,
innovations process(residual signal), 1
steady state error.

1. INTROLUCTION

1t has been widely recognized that the Kalman-Bucy
filter will vield biased estimates and exhibit long
term instability (from the estimation point of view)
whenever the nominal parameters used in the implem-
entation of the Kalman-Bucy filter differ(even sligh
tly) from the true paraxmeters of the plant, Several
investigators (see references (1] to [3]) have anal-
yzed this problem in order to obtain qualitative est
i{mates of the errors involved. The majority of the
available results analvze the differences between
the Riccati equations when the true and the nominal
parameters are used.

The problem of doing accurate estimation when
the plant parameters are not presisely known in-
volves parameter estimation and, hence nonlinear
filtering whose increase in complexity may
be undesirable for certain applications. A pop-
ular technique that is often used is tc increase
the covariance noise of the plant white n.lise, so
as to tell the mathematics that there is an add-
itional uncertainty in the equations. The net
effect is to increase the gain matrix that operates
on the innovations or residual signals so that the
“filter pays more attention to the observatiens'.

The purpose of this note is to examine the
ex!stencze of mean stcady-state(bias) estimation
errors when the plant and filter parametcers are
different. For this reason, it is easier to deal
with the performance of steadv state Kalman filters
for linear, time-invariant planis subject.to sta-
tionary white noise procesres. It will be shown
that, under certain conditions, zero mean steady-
state estimation error can be obtained by adding
to the standard steadv-state Kalman filter a feed-
foward cnannel that involves thé integratica of
the innocvations signals. In this manner, one can
guarantee the long term stability of the estimat-
ing filter. .

2. DEFINITIONS :
In this section the assumptions are stated regard-
ing the plant parameters and their nominal values.
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2221 PLANT EQUATIONS

The plant is assumed to be a linear, time-invar-
iant, completelv controllable and observable system
with state x(t)eR_, an output vector v(t)eR and a
constant input vector u(t) = u for all t,uc

_Fiant is driven by a zero mean, stationary, white
noise process E(t)cRn. Thus, the plant state equa-

-tion is
(2.1)

The initial state x_ is viewed as a random vector
with known statistics :
(2.2)

The white noise £(t) is assumed to have known stat-

istics
(2.3)

E lxol- ;o ; cov [xo; xol - Io

E {E(t))= 0; covlE(t); E(T))= E8(t-1),
Se Z'50 ; cov [£(t); x;]- 0

The three constant matrices A,B, and C represent
the true plant parameter matrices. It is assumed
that their values are not preciselv known. What
is known to the cesigner is a triplet of constant
matriecés An. Bn‘ Cn which represents the nominal

values of A,B, and C respectively. Henee, as far
as the design:r is concerned, the nominal plant is
described by- instead of (2.1)- the equations
(2.4)  &(e) = A x(t) + Bu+ £(c); x(0) =

4

y(t) = ¢ x(¢)

It is assomed that the nominal plant is also complet--

ely controllable and observable, Furthermore, it is
assumed that the true plant(2.1) and the gotinal
plant (2.4) are strictly stable, i.e.

(2.5) Re lilA] < 0; Re AiiAuk 0

2.2 OBSERVATION EQUATIONS

The measurement vector is z(t)
(2.6) 2(t) = 2(t) + 6(t) = > x(t) + 6(¢r)
6(t) is a zero mean stationary white process with
known covariance matrix
(2.7) cov[B(z); 6(1)]=CS(t-1);6=C">0
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