REF.NO. KF 1l

1
STOCHASTIC ESTIMATION

Numerical Example:

Estimation of positions, velocities,
and accelerations

2
MOTIVATION

- Understand structure of
Kalman-Bucy filter

< [llustrate asymptotic properties
of covariances and filter gains

3
PHYSICAL PROBLEM

e Motion of mass in frictionless
environment subject to

=white noise acceleration input
ewhite noise jerk input

4

«We measure its position only in the
presence of additive white noise

«We want to estimate its position,
velocity and acceleration

5
PHYSICAL STATE VARIABLES

le = position

xz(t) = velocity

x3(t) = acceleration

11,



6
*DYNAMICS

X (t) = xz(t)

xz(’() = x3(t) + Ez(t)

Ez(t): white acceleration noise

53“): white jerk noise

* MEASUREMENT

z(t) = le +o(t)

= Noisy position measurement

7
STATE DYNAMICS:'

MEASUREMENT EQUATION:

z(t) = Cx(t) + a(t)

c={1 0 o

(2)

11.2



9
PROBABILISTIC INFORMATION

cov [g(m;g(m}zfrg 200 q
1

0 0

0= (scalar)

10

ERROR COVARIANCE MATRIX:
s(t) B x3)

st = o 0 o) o)
olz(t) 022(’[) 023(t)
013(t) 023(’() 033(t)
S(t) = AZ )+ ZIA+ 2
- 3¢ ol s s - Z
1
FILTER GAIN MATRIX Hi{t) (3x 1)
H(t) = [hy (D)
h, (t)
hy (1)
Hip - s o

(13)

(14)
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12

VARIANCES OF STATE ESTIMATION ERRORS
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15
STEADY STATE FILTER GAINS

lim hl(t) = h1 = 3. 606

lim hz(‘() = h2 = 6.500 a7

lim h3(t) = h3 =4.412

16
STEADY STATE ESTIMATION ACCURACY
As t—co the accuracy of the state

estimation error xi(t) - Qi(t), i=123
can be evaluated by the variance limit

{l_niooon(t) = 0” (18)

{!—Too 011(’() = 011 = 3.606

{[_Too 022(‘[) Oy =18. 96 (19)

%ngﬁm = 033 =29, 07
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