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LTP Dynamics
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 is a vector containing the dynamical coordinates

 is a force-per-unit mass vector

 is the force-per-unit mass disturbance (it summarize all the possible force-noise sources)
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it mass vector purposely applied to the system

  is the available signal vactor

  is an input signal vector used to apply forces trough the control loops

 is the dynamical matrix

 is the feedback
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 circuit matrix. It converts available signals into commanded force

 converts the coordinate vector into the measured signal vectorS
E

System Dynamics
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LTP Dynamics

Looking at the interferometer outputé
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And going backé
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LTP Dynamics

In imaginary angular frequency notation sé
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ɛ i Is the ratio between TMs and S/C masses ( ~ 10-3 )

ɤ2
pi is the electrostatic parasitic stiffness

ũ is the gravity gradient between TMs

gni is a noisy force per unit mass acting on TMs from 

disturbances internal to the S/C

G is the force disturbance acting on the S/C and 

generated from external sources

Sij are the terms of the calibration matrix
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Derivative Estimation

We have a continuous dynamics and a discrete control circuité
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We decided to make a discrete approximation 

of the second derivative  represented by s2é
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Parabolic fit approximation 

to the  second derivative

Taylor series expansion 

approximation to the 

second derivative
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Derivative Estimation ïparabolic fit 

approximation
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Derivative Estimation ïseries expansion 

approximation
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This method is based on the series expansion of a function representing data pointsé

We obtain a five point estimator if the 

expansion is performed for:
2, 1,0,1,2n

Putting the five expansions in a 

system and solving out for the 

second derivative f II[x0 ]

8
Luigi Ferraioli - 7th International LISA 

Symposium - 17 June 2008, Barcelona



Derivative Estimation ïGeneral equation
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The two methods are part of an entire family of derivative estimatorsé

The parameters a, b and c 

are not independent:

iz e

In Laplace notation the second 

derivative estimator is:

2 cos(2 ) 2 cos( )a b c

2 2s

We expect our estimator going 

to zero at ű= 0 so:
2 2 0a b c

Then we expect the estimator 

tending to ű2 for small űso:
4 1a b

The final result is: 2 cos(2 ) 2 1 4 cos( ) 2 1 3a a a
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Derivative Estimation ïGeneral equation

Parabolic fit: Has a root at

Series expansion: Does not have roots between 0 and ˊ

Root at ́ : Has a root at ́
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