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STOCHASTIC ESTIMATION
Numerical example: Estimation
of position, velocity, and ballistic

parameter for a vertical re-entering
body
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MOTIVATION

1) To illustrate differences between

-extended Kalman filter ( E I€ )
(or first-order filter)

esecond-order filter (COF )
(or gaussian filter)

2) To demonstrate that biases that build
up in first order filter can be removed
partially by the second-order filter
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4
VARTABLE DEFINITIONS

xl(t): altitude
xz(t): velocity (downward)
m: mass (constant)
Cp: drag coefficient (constant)
A: reference area for drag
evaluation (constant)
p: mass density of the atmosphere
H: radar altitude
M: horizontal distance = 100, 000 ft
rt): true range

DIFFERENTIAL EQUATIONS

* Neglect force of gravity

le = —xz(t)

C.Ap
.. D 2
sz 5 xz(t)
*Air density

P= pyexp (“yxl(t)))
y=5x107 |

6
*Define new state variahle

a -
x3(t) CDADO/Zm constant

*Final differential equations

Xyt = - x,(t)
. 2 2

X0 = -exp (-yx, ) X () x5t
X3(t) = 0

X "Small”::‘) "\éavy Aool)f

X3'|‘Qf3€l""-;> ";[\.}v bdd),
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7
MEASUREMENTS

*Only range is measured at discrete
time instants (once a second)

2lt)= YW+ [x, 0 - HP + oft) 5)
t=12 3 ...

e o(t) discrete zero mean noise with
covariance
0 =10,000 (100 ft RMS error)

8
INITIAL COVARIANCE MATRIX
s = [100 o 0 (6)
0 ax10® 0
o o 10
9
INITIAL STATE
°True
x,(0) = 300,000t
XZ(O) = 201(;00 ft/ sec
x3(0) =10 7 (light target)
«Estimate
91«)) = 300,000 ft
>“<2<0) = 20,000 ft/sec
4 10)=3x107 (heavy target)
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EXPERIMENTS (we

#1: H=0ft
Radar on ground
#2: H = 100,000 ft
Radar "up"

#3: H =200,000 ft
Radar "higher"
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FINAL REMARKS

eSecond order filter at least twice as
good as extended Kalman filter

*Second order filter requires only
about 15% more computation time

as compared to the extended Kalman
filter
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