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* KAGRA is located in Kamioka mine underground
-220km away from Tokyo
- 360m altitude
Big laboratory area
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KACRA  KAGRA Project

Host: ICRR Utokyo, Co-host: KEK, NAOJ
300+ collaborators from 90+ institutes
* Constructed in Kamioka mine
 Underground and cryogenic

NACJ

National Astronomical
Observatory of Japan
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Detection of gravitational wave using

fKAG RA laser interferometer

GWs move mirrors differentially.
We measure the distance between

S i ing fringe of light.
®<\§ />O mirrors using fringe of lig
Expected length change by GW :
L:D:LL ~1x10°m

Mirror
Mirror

Beam Splitter

77777 / _ Fringe

Screen

Laser
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KAGRA How to get More sensitivity with control?

Needs
Control to keep dark
at detection port

—

Dark
port

feedback

JGW-G1706727 EPICS meeting at KURRI, 2017/5/16, Osamu Miyakawa



_—— Development of optical configurations
JﬁéﬁR'& P P g

Michelson interferometer (MI) Fabry-Perot MI (FPMI)

Control
== Keep dark condition at A/
detection port to
reduce shot noise

=
_ A

Control ‘ Control C Ll O

Power recycling (PRFPMI) @

controHigher laser power
v by a power
recycling mirror at
laser port

Longer light path using
Fabry-Perot cavities

ual recycling (DRFPMI)

Control
¥ Enhance the GW signals by
a signal recycling mirror at
the dark port

Control Control Control Control

Control

A, LIGO, VIRGO b KAGRA,

] * Control
JGW-G1706727 - alLlGO, aVIRGO

ontrol
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KACRA Concept of digital system

Real time control

IFO is a multiple DOF plant
which has many sensors and

dewhitening actuators
Al Produces control signal using

- NNT| DAC computers

LSC/ASC . Data access without
wiii 4 Control signal breaking control

Data acquisition(DAQ)
Hin i Slow control by using EPICS

Slow control: EPICS Fast monitor Flexible human interface
switch, gain... Real time data
= \ g
Network

16kHz full data
16Hz EPICS data

Actuators




KAGRA  KAGRA control network design

Computer center = Metal cable

GPS antenna

|
5 — | " Fiber cable
ata storage
LI e = , !
<=y 4 | 4 N I ,_-r
. >
Client workstations R Timing | E
master I o
€
©
_________________________________ I >
IS
X
e
ul
Laser
3km X arm Cavity

TCP/IP: EPICS, NFS, network boot

GW data: huge amount, low latency

DAQ
network

Long RFM
Al _network

RT control signal: very low latency

Short RFM
network

3km
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RT control signal:
very low latency
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Remote control room

KACRA  Control system v T
=L
B 15

BE power supplies
for remote-
electronics




KACRA DAQ network
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KACRA  System layer map

(o B /8 ™
Client workstation1 | [Client workstation2

— | (o—
q oamefi]Eitz-_J oamMmﬁfJ[;]E;JEJI (::) (::) (::)

Application It on RTPCs
Epics channels ~64Hz NDS ~64kHz
Data acces( ——=
I RT front — gata
end 1 end 2 3l 4 torage
000 -ﬂ-d
I DAQ network
DAQ ) |
Test Point I

Dolphin

RT Core \ =Ll /
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Source codes by GUI:
KAGRA .. . . . .
AAR Libraries for Real time model on Matlab, Simulink

N MATLAB 7.11.0 (R2010b)
fle Eon  View Debug Deskiop Window Help
NS ‘ PRl R ‘ F Y= | 9 ‘ Current Folder | /opt/ricds/rtscore/tags/advLigoRTS-2 6.3 fsrc fepics/simLink J:r 75}

T
Current Folder

N\ klvex/VIS/FO *

D nput FEEdnack |
e A Matrix filters Actuators

%) k1x15.md

Hon o S b 6DOF outpu
R i - %‘;&‘I‘; = signals
signals- i (> o

Whitening/dew
hitening

JGW-G1706727 EPICS meeting at KURRI, 2017/5/16, Osamu Miyakawa 14



&A/éliz Generated C source of Real Time code from GUI

Actual control signals (filter bank, matrix, trigger, linearization etc.) will be generated automatically
when building real time modules.

//Staft Of SUbS stem LSC >k ke sk sk s st s sk sk s sk sk sk s s sk sk sk sk s st sk sk sk sk st sk sk sk st s sk sk s sk sk sk s s sk sk sk sk sk sk sk sk kok

// FILTER MODULE
Isc _pox@ModuleD(dsp _ptr,dspCoeff,LST _i'@/X,dWmd[O][O],O);

// FILTER MODULE
ISC_pObe = ﬁlterMOdLﬂeD(dSp ]‘ s¥ s (L] tftpboot — controls@standalone:~ — ssh — 92x28
. miyakawa@192.168.11.110's password:

y .. .. .. MAC5:tftpboot miyakawa$ ssh -Y controls@192.168.11.110
for(11:0;11<1;11++) controls@192.168.11.110's password:

Linux desktopl 2.6.35-32-server #67-Ubuntu SMP Mon Mar 5 21:13:25 UTC 2012 x86_64 GNU/Linux
_ Ubuntu 10.10

Welcome to the Ubuntu Server!
* Documentation: http://www.ubuntu.com/server/doc

. 4 packages can be updated.
// Relatlonal Operator 0 updates are security updates.

Isc_operator = ((pLocalEpic ﬂ

// DIVIDE

. 1 in: i 1 - :10 2013 £ 172.16.176.182
lf(lsc_nxmtrx[l][O] !: OO) Last login mziiagu& 5 03:06:10 2013 from 6 6.18
[1] 9513

Isc_divide = Isc_pox / Isc_nx i e e e

Password:

Last login: Wed Sep 11 00:21:12 PDT 2013 from 192.168.11.4 on pts/1
controls@standalone l1smod

Module Size Used by

klvex 9456277 0

k1x01 9198940 1 klvex

mbuf 7317 7 klvex,klx01
controls@standalone

Isc_nxmtrx[1][1i]
pLocalEpics->ctr,

New release 'natty' available.
Run 'do-release-upgrade' to upgrade to it.

Running as

of Linux



KACRA Produced channels

* Test Point channel: Anchor point of data stream, not to
break control loop. Fast real time data (16kHz), limited
number to access up to 24/RTPC at a time. ~10000ch.

e DAQ channel: selected channels from Test Point. To be
stored into disks. Decimated from 16Hz to 16kHz.
Available to see the past data. ~1000ch.

* Epics channel: Automatically produced when RT code
built, named with similar name as Test Point. Slow
(16Hz), stored all the data, accessible to the past data.
~100000ch.

— No need to write/edit EPICS channel database manually.

JGW-G1706727 16



CRA .
D MEDM --Length sensing and control system

CLIO LSC System

D/A

Chroxqrg ~105.415
r-u:%)—an.wlrua.'a%

0, 000 = Uut,put

Matrix

OutpUt to éuspénsiqns

----- Status S LR S EAT e B mesmEzem
Laser HC X Arm Y arm DET
oNN N N - .

-- Whitening/Overfloy - ... -C(Calibrate -- Shap - ~  -—-- Filter Coefficients ————-

“ I Load

LSC_XARM Complete
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KACRA  EPICS covers realtime signals

Software for real time access:

e Dataviewer: osciloscope,
 DTT: FFT analyzer

* Foton: digital filter composer

* Foton: GUI digital filter
composer

Some MEDM screens are produced
automatically when built.

* Signal excitation
* 10 filter banks
* 3 monitor point IN1/IN2/OUT

File Plot Window

Hel|

P

Design ~ Graphics |

i
r

Transfer function |

L o T T
current_out / current_in

20

10

-10

I
—

Magnitude (dB)

-20

INANARRRARR RN NAN RN NARAN!

-30

10° 10’
Frequency (Hz)

3

T0=01/03/2010 01:48:14

eI T T

L1CTR.txt

Transfer function |

100

o T T
current_out / current_in

50

Phase (deg)

-50

TTTTT T I T I T TT

-100

0 0

10 10 10’
Frequency (Hz)

T0=01/03/2010 01:48:14

Reset I Zoom I Active | New I Options... I Import... | Export.. I Reference... I Calibration... | Math...

Bode Plot | Step Response | s-Plane Roots | Save | [Lozd| Coefficients |

LACTR-LSC_XARM Hon Har 1 20:12:07

CLEAR HISTORY LOAD COEFFICIENTS HOLD OUTPUT

1005t3031000st30:1 10031 OECIHATIO 70,814
FH2 FH3 FH4 I
[ ] ]

? m -16,039

Ramp Time (sec):

e
0,000
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KACRA  Guardian

* Guardian is an application covering on EPICS to
manage states of interferometer.

e Automatic lock acquisition: down -> locked ->
operation by looking EPICS channel info.

% K1:GRD-MICH_LOCK.MAIN.qYKb4b.adl
GUARDTAM: MICH_LOCK

DOLM

1000
o
L0
Misa=i=e EZC0 COMMECTION ERROR: Could not connect to channel (timeout=2s

I | Loan

[ STATUS_HONITOR

Review of Scientific Instruments 87, 094502 (2016)

X GNOME Document Previewer

e e e e

K1 Guardian: MICH_LOCK

OPERATION

ENGAGE_UGF_SERVO

ACTUATORCAL_INJECTION

CALIBRATION_INJECTION

MICH_LOCKED

ENGAGE_BOOST

ENGAGE_SERVO




KAGRA EPICS on Web Ul using php-epics

‘> EPICS gateway provides external accesses to channel data from outside

network of the laboratory.

"&'However users need MEDM installation on their local PCs.

‘2 The php-epics can call some channel access method. (ca_get, ca_put, etc.)
‘> We developed Web Ul for accessing channels using php-epics, but all the

adl files needs to be manually converted.

'\ K1IOPPR2_GDS_TP.ad|

Status CPS  SUM

e o e ST
MNET CHN  DRATE TRATE
re 1 I N N o
EZR

cre/usR HEEEE E 0ints
el R o 11 I I
| B I I
0
or oo S I O
o | o §| o | hu Apr 20 19:59:59 2017

_ﬂ

® 00 K1IOPPR2_GDS_TP e’

(<> ] (] (2] 8] [+ [@17216.33.20 y=5-1O]

KIIOP PRZ_GDS_TP Tue, 09 May 2017 13:12:33 +0900

K1PR2 Kklioppr2

FETIMADCDACDAQIPCAWG DKEXCOVF CFC

1 A N O A

Sync Source TDS
CYC/USR 14 1
CPU Max 2 2

DT ADC 5
IRIG-B 12
DT DAC -722

OVERFLOWSO0

RT NET STAT [ [0 [ [




KACRA EPICS on Web Ul using HTML5 + javascript

‘> Automatic conversion of ADL is done using HTMLS + javascript, but
without channel access.

‘2'We need a little more time to merge php and HTMLS5 + javascript for
an automatic conversion with channel access.

e OO0 sitemap
Lol (o) (=) [ [+]6 172.1633.20 TR

Original Ul using ADL file sitemap

X\ sitemap.adl|

K1 SITEMAP Mon May 8 21:42313 2017

|

EE— [ —

. N—
(HSE [SHOMETERS EYNC to KLHON | Poo S
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KACRA  Overall plan

Calondar year [ 2010 | 2011 | 2012 | 2013 | 2014 | 2035 | 2016 | 7017 | 2038 {2019 | 2020

g

Project start

Tunnel excavation [ ]

IKAGRA ——
operation

bKAGRA Adv. vibration isolation, opti

ogenic system

operation

\
\

IKAGRA

Phase 1

Michelson with two
cryogenic mirrors.

Initial KAGRA

Michelson at room temp.

Cryogemc

mM

f

bKAGRA

Phase 2

Four cryogenic
mirrors.

Y

«/

2

»

Phase 3
DRFPMI with four
cryogenic mirrors.
Observation run



