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Motivation

Mariner (Voyager prototype) will have reduced thermal noise

High emissivity coating will to increase the radiative
coupling to its cold environment and dissipate laser power

Estimating coating emissivity with least uncertainty for
various materials

Radiative cooling
shield Penultimate Mass (123K
Blade Spring (123K
Silicon Ribbon (123K) .
Silicon suspended
mirror
Test Mass (123 K
Cryo Shield
(partially shown)
Barrel coating of high r'e

emissivity
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The Cryostat

Heat lamp

Outer Copper bar
shield
Heat leak —D>
aperture
4/
Cold head
A
Test mass
Cooling term Heating term )
due to inner shield due to heat leak Control heat input
dT) T — T T —T3 _
mC,— = oA, 2 1 - h 1 + P(t),

Pdt
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Optimal System Identification

Noise

yt measurement

Control Input Transfer function /
na

Frequency domain

Ya = Hama + Nq; « =ﬁ

Given model: Yy = mx + ¢
Only two measurements allowed
What x values should we measure at to estimate m and c¢?

When x values are farthest apart! 6
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Fisher Information Matrix

The output measurement: Corresponding to frequency Fisher Matrix formulation: Parameter prior

< 1 oM o1,
Yo = HoZq +1o; a=1,2,--- N, -Fij:ZTRC ,a_a )

\ § — 0% | 96; 90, 3
Transfer function Noise l \
System parameters
7l
1 — T
|4

Cramer-Rao bound:

s FE™

/

Covariance matrix

Run experiment with the
optimal input and
parameters to take the
measurement

Maximize Fisher
Information (minimize
covariance matrix) with
parameter priors

Estimation
Process

Obtain optimal input and
parameters estimates
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Optimal Control Input

The linearized system:

dT; T — T2
B 2 !

The transfer function:

< (35)

Things to note:
e The cut-off frequency is in 10" {-5} Hz
e This corresponds to ~27 hours
e Any frequency above 10"{-5} Hz will be
damped

e We must analyse around this region

=cA +
Pdt 0]!1 Ay 1 1 s Ayl 1
:+A—i(a—1) Z+A—,‘.(a—1)+m,h—1
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Optimal Control Input

det(F)

For a one frequency input signal: For a two frequency input signal:

Variation of det(F) with f; and f»
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\ Assigning same amplitude and noise to both
frequencies gives us degenerate optimal frequencies.
Optimal frequency is ~ 10"{-5} Hz e (Considering frequency-dependant noise and not white
noise will give us non-degenerate frequencies
e Assigning different amplitudes or power to the two
frequencies will also give non-degenerate frequencies
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Power Spectrum Optimization

Input power spectrum:

Where frequencies are:

x(©) =
0 for K=05« ; F

Some constant for total power

WUP, - JUE)P) with S5 [U(k)2 =/

Dispersion function:

v(x, Q) = trace([F(x)] " fi()),

/ \

’ \
Fisher Matrix Power concentrated
at one frequency

Algorithm:

Distribute total input
power equally over a
set of discrete
frequencies in our band
of interest:

]F:{Ql"" 7QF}

. . QL) —n .
Set 2 = ¢ + linthe 1f max(v(xi, Q) —ne) < €

algorithm and for the

Implement:

Xi+l(Qk) = Xi(Qk)

v(xi, ) then terminate, otherwise

current IPS, calculate return fo Step 2

the dispersion function:

V(Xiv Qk)

No. of parameters
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Power Spectrum Optimization

Input power spectrum vs signal frequency

Input power spectrum vs signal frequency

Input power spectrum vs signal frequency
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Optimal Experimental Configuration

Variance in £; as a function of €1 and &;

Variance in €1 as a function of £ and & i i i
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Future Work

e Understand the mathematics of the Power Spectrum Optimization
algorithm. Answer questions like: What is being minimized? Why are the
answers not exactly equal to the Optimal Control Frequency analysis?

e Intuitively explain trends observed in Optimal Experimental Configuration

e Estimate or model the noise in our system from various sources (ambient
fluctuations of temperature, measurement noise, etc.)

e Time-domain analysis of our original nonlinear system without assuming
steady state conditions. Frequency domain is only for LTI systems. Present
optimal frequencies are still impractical.

e A different problem can be posed: How do we get maximum information
out of the system within a fixed amount of time?
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