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Introduction

* Kalman filter is an algorithm that uses a series of
data observed over time, which contains noise and
other inaccuracies, to estimate unknown variable
accurately.

* It was proposed by R E Kalman in 1960, and became
a standard approach for optimal estimation

* KF is a real-time, recursive, efficient estimation
algorithm in standard (KF), extended (EKF), an
unscenrted (UKF) forms
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Preliminaries: Definitions and Identities
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Kalman Filter- Priliminaries
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Kalman Filter Equations
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Kalman: Predictor Corrector
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Step 2 : Covariance Extrapolation
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Step 4: Kalman Gain Calculation
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Step 4: State Update
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Assignment

(a)
(b}
(c)

Describe the two basic properties of Kalman filter

Write down the Kalman filter algorithm describing each of its steps.

A spacecraft is accelerated by bursts of gas ejected by its reaction control thrusters. Position,
velocity and acceleration of the spacecraft are denoted by p(k), p(), and «(k) at discrete
time k.

(i) Write expressions for p(k +1), and p{k+1) and show that the state space model
of the spacecraft is
{f_)(k+1):| =|:I T I_}{k):|+‘ ~ Jrz:|¢:a(kj| ,where T is sampling interval.

pE+D 0 1 J[p(»’() L i

(ii) An anomaly happens in the reaction control system of the spacecraft, which
causes the gas thruster to eject random bursts of gas that results in zero mean
random aceceleration with standard deviation ¢, = 2nvs? . Show that the process
noise (random acceleration) covariance matrix of the system is

4 1,
Q:aﬁ[T3 /4T iz]
T2 T

(iii) Position of the spacecraft is measured by the position gyro as z(k) = p(k)+v(k),
where (&) is the zero mean gyro sensor noise with standard deviation o, =1m.
Before the anomaly happened the spacecraft was on stable orbit {at equilibrium
point at £ =0). And, at the first two instants followed by the anomaly, i.e.,
k=1land k=2, position was measured by the gyro sensor as z, =0.1m, and
z; =—0.2 m. Use Kalman filter and estimate the position and velocity of the
spacccraft at these two instants. The sampling interval of the spacecraft control
system is T =1s.

(iv)  The first two random gas bursts caused a(0)=0.15m/s* and a(l) = —0.8m's*
accelerations. Calculate the actual position of the spacecraft p(lyand p(2)at the
first two sampling instants.

() Tabulate the actual position, measured position, and position estimated by |
Kalman filter. Comment on the results.




