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Jao Objective

Knowing the transfer function with high accuracy and precision

System: LIGO Quadruple Mirror Suspensions

Actual System: Simple Harmonic Oscillator & LIGO Single Loop Suspension

System Identification and Optimal Control

Quadruple

(4-segment)

pendulum 3
Step 2

B8 e Maximise Fisher Information Obtain the optimal transfer
silica fibers . .
\ Matrix of the system and function of the system
) ; / obtain parameter estimates
", S S (based on parameter
’ e (= minimise covariance) estimates)

Image Credits: ligo.caltech.edu/page/about-aligo

Fisher
Matrix:
Inverse of
the
covariance
matrix
(minimise
uncertainty)
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What are the parameter values?
|s the estimation good?
How good is good enough?

What are the uncertainties?
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‘GO |nterferometer Calibration

LIGO - A GIGANTIC INTERFEROMETER

GRAVITATIONAL WAVE BLACK HOLE SPACETIME

MIRROR £ 7 8 r ) The light MIRROR
‘ waves bounce
and return:

A “beam splitter” splits the
light and sends out two
identical beams along the
4 km long arms.
A gravitational wave affects the
interferometer’s arms differently;
Laser light is sent into 4 when one extends the other contracts
the instrument to A g as they are passed by the peaks and
measure changes in troughs of the gravitational waves.
the length of the two =
arms. S Normally, the light returns unchang-
/_{/’J 5 ed to the beam splitter from both
7 arms and the light waves cancel
each other out.

LASER /

y LIGHT WAVES
% CANCEL EACH
¢ X}\’X OTHER OUT
BEAM SPLITFER  LIGHT DETECTOR

gravitational wave, the light waves - \/‘MW() LIGHT WAVES HIT

If the arms are disturbed by a

will have travelled different distan- JHELIGHEDEIECOR
ces. Light then escapes through the  gea SPLITTER

splitter and hits the detector.

Image Credits: https://osr.org/blog/kids/observing-gravitational-waves-at-ligo/

e Parameters: poles and zeros

e Need to know the strain
channel calibration up to 0.1%
accuracy

e C(Calibrate to identify BH signals

and mergers

(s-2,)-(s-2,)....(s-Z,)
(s=R)-(s=B)..-(s-R)

n

T'(s)=a,

Image Credits: https://electronics.stackexchange.com/
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LIGO  qQuadruple Suspensions

Is the pendulum working correctly?
Are expected parameters = obtained parameters?

Is the cross coupling as expected?

Optimal SysID based transfer function for
fault diagnosis!

Example of a MIMO system:

Off diagonal
terms of a tf
matrix

Image Credits: https://www.ligo.caltech.edu/WA/image/ligo20150731j
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O LIGO Single Loop Suspension

Figure 1 Figure 2
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LIGO

Seismic Isolation

Active vibration isolation system above quadruple pendulum

Operation: Low frequency regime

(a) (b) Image Credits: https://arxiv.org/pdf/1502.06300.pdf
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(a) schematic and (b) CAD model of the isolation systems supporting the core optics in the BSC chambers.




LGO gystem Identification (SysID)

Black Box _ammm

Natural \ p” B
Phenomena Input ________ 9977999999 ________ N ‘/ Output \"
Data .......... \ Data
After Identification

Analysis

Building mathematical . '
modelg in the form of | Mathematical DATA EVEYWHEREM
tranSfel‘ funCtlonS from o Image Credits: Google Images

observed input-output data 9
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O Measurement

- Least Uncertainty/
Variance

- More accuracy

- White excitation vs.
Optimal excitation**

Least Measurement
Time
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O Simple Harmonic Oscillator

Simple Harmonic Osc

mi+ct+kx=F({) |-~
: g0 % i
X .
G(S) J— (9) — m
F(s) s2+%%s+w?

Results
Optimal > White
(Excitation)
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