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wESY/ Control System Working Group

(CSWG)

e Chair: Dennis Coyne.

* Deputy co-chairs: Brett Shapiro, Robert Ward.

 Group charter at M1600033



v.'ﬁ'é*?) CSWG Role

The CSWG is unigue among working groups

* Feedback control “is pervasive within, and
enabling to, the work of many of the other
instrument science working groups.”

* |t's relevance is demonstrated through
application to the other working groups.
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e Support of other groups

— training references: G1600726, G1601640, G1601417,
G1600525, G1400557, G1400102

— support of particular problem areas

— reviews on the applicability of new controls
techniques

 Research into advanced techniques
— Machine learning
— Feedback optimization (automated design)
— etc
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* 5 problem/focus areas identified to support
CSWG's role
* Getinvolved in these focus areas!
1) IFO lock maintenance with machine learning
2) Test mass length-to-angle decoupling

3) Feedback optimization
4) Transfer function fitting algorithms

5) IFO earthquake robustness
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1) Machine Learning for lock maintenance

- Leader - Rob Ward

- Use an algorithm to ‘learn’ the best way to
maintain lock

- See example of acquiring a Bose-Einstein
condensate

P. B. Wigley, et al. Fast machine-learning online optimization of ultra-cold-
atom experiments. Scientific Reports, 2016; 6: 25890

<
Test mass control

Test mass
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2) Length to angle decoupling
- Leader—-TBD

- Separate the problems of controlling cavity
length and alignment. Alignment control is
currently suboptimal and contributing noise to

the IFO.
‘ l Length control drive
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Test mass
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3) FB optimization (esp. applied to angular
controls)

- Leader—TBD
- Collaboration with UC Berkeley and Google

Cost function Control Filter

Optimization
Algorithm:
|:> Monte carlo, particle
swarm, gradient
descent, etc

Cost

Magnitude

N\

Parameters Frequency
e.g. filter poles and zeros ’
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4) Transfer function fitting algorithms

Leader — TBD

Motivation: G1601173 - Hopes and Dreams: One TF
Fitting Program to Rule Them All

Various tools exist: vectfit, n4sid, etc. How to best
apply them? Do we need something new?

Part of a more general topic of experiment design
and system identification
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5) IFO robust configuration for earthquakes
- Leader — Sebastien Biscans

- We already receive early warnings. How best
to configure the IFO to not loose lock?

Earthquake map — 22 August 2016
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e The CSWG is not restricted to these 5 areas

* Please suggest any other areas the CSWG
should prioritize
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A Global Working Group

Operational
Under Construction
Planned

Reference LIGO-G1600275
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CSWG Wiki
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You are here: LIGOWiki > CSWG Web > WebHome (19 Aug 2016, BrettShapiro) Edit Attach

Welcome to the CSWG web

+ Overview

+ How to Join

+ Meetings and Notebook

+ White Paper

1+ Focus Areas

+ List of Models and Measurements
+ CSWG Web Utilities

Overview

The Control System Work Group (CSWG) covers fundamental and applied research in control systems as it relates to GW interferometers, including:

system identification

modeling

synthesis,

analysis,

optimization

performance assessment,

hardware and software implementation

The role of the CSWG is unique within the LSC'’s instrument science working groups. The use of control systems is pervasive within, and enabling to, the work of many of the other
instrument science working groups. In addition to supporting its own fundamental research in cutting-edge control system techniques, the CSWG should support and enable the
research of other LSC WGs. The relevance and import of the CSWG’s work is demonstrated through application to the other instrument science subsystems. Consequently there is an
abiding need for significant collaboration between the CSWG and the other instrument science WGs. To foster this tight connection, the CSWG will also develop and maintain control
system documentation relevant to the GW community:

« training references - see intro to controls tutorial at G1600726
« canonical examples

https://wiki.ligo.org/viewauth/CSWG/WebHome
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CSWG tools

alog

Mailing list

https://alog.ligo-la.caltech.e

CSWG Logbook
Logbooks .

e O

brett.shapiro@L1G0.0RG FYIEEET]

Reports until 12:54, Friday 24 June 2016
Case study General 5| e
juan barayoga@shibbi. pki.tc.u-10kyo.ac.Jp - posted 12:54, Friday 24 June 2016 (11192)
testing KAGRA IdP

S| ADD ComMENT [

this is a test.

(Case study System identiication (SE) > DT |5 ADoComENT [
jeffrey.kissel @LIGO.ORG - posted 18:02, Thursday 16 June 2016 (11189)
KAGRA's Representative, or

J. Kissel, T. Seniguchi, Y. Michimura A. Shoda

As always, Im interested motion the question "how can we improve the chanical, via controls, etc)?"
he mostrecent GWADW meetng, Yuta, Ayaka,ard sl discussad the aest resus om KAGRA0 e fwe could update the together in the 2014
Gontros Warksnop at VIRGO (se )
s such, vula oun agrat-yourdal st pu logher by Takancin e KAGRA DCC, The dataset covers th Kimiok Mine fom 2009 o 2011, showsthe ground maion ASDS sttisically
gatnored i lorms of prcantles, by ago (se ). Seniguchi-san was gracious enough to include a .z fle of the data in the file
His data set was limited above 1 Hz by sensor noise, but that's OK. We take Kamioka mine data below 0.5 Hz, and the KAGR,

For data above 0.5 Hz, I'd asked Ayaka (given her poster at the GWADW Meeting) for some data of her recently deployed seismometer array in the real KAGRA tunnels. As such, she gave me one day's worth of
ASD from their X-end station. We should work on getting more long-term data of the > 0.5 Hz region in due time, but we'll take what we can get for now. Her data lives a personal folder of hers

‘The script to process this data lives here:
/1ig

_KAGRA_GNDASD.m
Non-image files attached to this report

cswg@sympa.ligo.org

Sign up at https://grouper.ligo.org/mailinglists

e Teamspeak channel: CSWG

du/CSWG/

/cswg
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Bi-monthly Teamspeak meetings

* US-western hemisphere: 1st Fri of the month,
9am US-PT (6pm CET, 9:30pm IST)

e US-eastern hemisphere: 3rd US Thu of the
month, 4pm US-PT (Fri 9am AET, 8am JST,

4:30am IST)
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We Need Youl!

Credit: http://einsteinpostdocs.info/

 Many areas where work is needed
* Getinvolved!

* Students encouraged to take a
controls course

e GW interferometers don’t work
without controls!
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