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" Objectives

- Obtain an optimal
estimate of the train
position and speed
given measurements
of wheel rotation and
train acceleration.




£o5
b 8 [Illtll:al Elll:llller

rotation
‘&> - Slinof Wheels

obtain optimal
= estimate

 Tomeasure wheel

* Measure acceleration
b « Use Kalman Filter to

Proposed System

Ontical Encoder

Optical Encoder

Led

Phototransistors

O/

Channe]l &

Channel B

oy el

=TLFL.




Accelerometer

+ \ariahles and
parameters:

* (8- Displacement of m
accelerometer hase
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Newton’s Second Law:
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Accelerometer

Transfer function:
gls) o ms’
x(s) ms’+Bs+k

For low frequencies:

W << @, =+/(k/m) () =

Therefore, the relative position is proportional to the
acceleration:

—m d*x(t)
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Stochastic System Model:
x,,, = dAx, +Gw,

¥, =Cx, +v,
X, =(ED",PD), w, =(0,0),; = (0,R)

Assumptions:

w; and v, are white noise processes mutually uncorrelated with
each other and with x. 020, R>0

Filter Initialization:




Kalman Filter

Time Update:
Error Covariance: P,,, = AP, AT +GQG"

Estimate Update: X,,, = AX, +Bu,

Measurement Update:
Eitor’Covarianoe: Pyy = Po, - BL,CT (CP, C* + RGP,

Estimate Update: X,,, = X;,, +P.,, C' R" (y,,, -Cx., )

Kalman Gain: K, = P;,,CT (CP,, C"+R )"
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= The proposed system

* Provides the hest
estimate of train
position given the
measurements of
wheel rotation and
train acceleration.

* Promises to he very
B> reliable and rohust

Measurement




Further Research

+ Design and simulate the actual system to
he used.

+ The optimal estimator to he describe it
precisely.

Questions?




