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. BHRBRHEBO-OHDOEE#EE ST
— )T ILAA LT4—E 7\ HI{EH D #E = X

T c FHHES RO —

PDE&RELL Y — | | SUSERET7IF1I—4 ETVF 1T —3%Fo1=
ZEHHBEEDITSUL
AT LA
Real time P ADC DAC A L il 1
-EEADTOERIE
HiRas &K1 m . EPICSZE(ESELNT VX
B Suspension & . Frame BuilderZz{&5:%E
£5 JEE 1|1 control WTOERDH D

wit wit
EPICS EITRAYF

- Frame Builder
EXTE E(SYTILEALT—H \

(gain, filteri% 7€)
TGP / IP‘L 16kHz

64Hz Data storage

16kHz full data(#(H)

EEEEEEEEEEEENEER 1second data
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KACRA  Analog or digital?

HA®DFiHEHETAMA-CLIOETZ O FlfHZE AL 2O TET-
e, TUORIIEIEICEZDZDENRHHDH?

 Analog
— MHzZHEORNRE—F
— B/AX, EEUNMREBICSHLARE
— ERTRENEF

e Digital
— BHGUVATLZEZRBLLGRET S
— ADC/DACTIIH# B M KEZL VA, whitening/dewhitening Tl & A 58
— FEBRO/AXFEERMIZEZGLTLON
— B LALGASIRY FTORIEIZIE+ 5

© FYRNSRT LRI ARNST Y ORI, REGHAKRERY

7HaJERTOHETIE, LREZLET DI
3BELLLDERNMIMNEEEHLN TS



KACRA  How to develop?

¢ TUORNSATLEEDESICHARET HH

— BHITH

- BEXRICEHATHELTLLD
- BCHhBH1DZEED

o HIB2DDAZEIFILCGTOERZF ®I=-I DI /\T—HIZH., F

HWIZHKRE

e 2005FECAMG., allGORATUZILL AT LMNERIESNIEHT-
— UEBEZEEZHL TV EILUGORT ORI AT LEOVINF
— OAVNIMNGEORT LT, HEHbHLTHLCLOED AN AT THT

A Al HE

e 20084 . KAGRAD)

[ TERIEEL T, allIGORIZERIN TS TY

BIL AT LEKAGRAIZHEA AL CEERE
— HFEO=HDF NDER,
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KACRA U7 LAA LIS R T LDt

* General Standardsft & D THERDPCleR—XNDADC, DACTh—K % {51 FH
— 16bit, 64kHz B> T1) 25 T, ADC: E8132ch/E &, DAC: Z816ch/E i
— ADC/DACR—F DM BRARELEA =M., R—FEEEEF, =27 ILEED
BliEaEZSEHTRMTH o EFIER
« CONTECHE DR MDBinary OutputR—RZEAL T, 705 E
BDRAYFT
e ADC: ~3200ch, DAC: ~800ch, BO: ~3200ch
— PCleD¥LFER—FZFELVIOMIZE ETHADC/DACE— B DT EH T
- 1@;@@'J7)lx’5"fla'|'§E’EﬁE1%T%>f:&)l:?f%i*ﬁélﬁi’éReﬂective memory T

* ADC/DACOEHAICIIGPSIEFEBIEMIEZEHTHIET DV AT L%
LIGOY JL—T TH%

o BHLGHIE, TJ4—F/\VvDT4I)LA—TEE X E TGentoo Linux + RT patch
LTYIrO T THRE

e Matlab SImMLINkR—XDGUITDYTILALLETILDIEEE

o UTFILEAALETIILDbuildBFIZEPICSF v RILEBEIRICT YA,
MEDMEBERS D74 L& B ENAE L

o T—AREREIEIMyrinetZ{EFH
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KACRA  KAGRA control network design

Computer center GPS antenna | ~ Metal cable
5 — I " Fiber cable
ata storage |—|!'
= = |
| i (S S e S '
Outside Dy ' iy
j Client workstations : |m|tng !
master I
|
ITMX  ETMX

Front room

M

FIEHE SR YT —2  H#HZ RSV DB
- Long reflective memory
- Short reflective memory

BEHBEELRYFT—0 BRIGT—3E
- Myrinet

Short RFM
network “

3km
FHAL AT LEREEREE B A
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LCGT Digital System Layer Map JawDt100se8

rev.1 Aug.30.2011

Client workstation1 | | Client workstation2

Q00

hics channels ~64 - \\‘\"ﬁ[ NDS ~64kHz

£ —

i Dataviewer || DTT i Dataviewer || DTT

Application

Data access

Data

Storage
-

DAQ network
DAQ |
Test Point
ph

GE RF (]
RT Core —
Hardwere ! ' . .

$® nc

Timing 1PPS '-

JGW-G1201380



KACRA R HESE (DA

Stand alone | Small Large Full system

system network test | network test

FY2010- FY2011 FY2012, 2013 | FY2014~
~7 ~25

Real time PC 1 2

IO chassis 1 0 ~7 ~25
Servers 0 1 8 8
ADC 1 2 ~10 ~70
DAC 1 0 ~10 ~35
Binary Output 1 0 ~10 ~100
Long Reflective 0 1 3 3
memory switch

Short Reflective 0 1 3 5
memory switch

DAQ memory switch 0 1 4 4
Timing switch 0 3 3
IRIG-B switch 0 0 1 3
Data storage 1TB 2TB ~20TB ~500TB

FF: FFEEA
%= |8IEmMm
JGW-G1201380 2012/11/6 5H8I AT LR FEZRETS =) &



QK/A/éI'\:R 2T F A Stand Alone Digital Systems

Realtime 5t & #4:
*  PC: SUPERMICRO%L %! 1DIN server, 2x4core 18
— Gentoo Linux + real time patch

e Real timeflfED=6> DYV IT+—=

¢ PCle Expansion chassis: One Stop Systemft &4, 0SS-PCle-4U-EXP-2001-700 18
e ADC (Analog Digital Converter): General Standardstt %!, 16bit 64ch(32ch for diff.).
PMC66-16A164SSA-64-50MHz-NO-10 1or 28
«  DAC (Digital Analog Converter): General Standardstt &, 16bit 32ch(16ch for diff).
PMC66-16A016-16-FO-DF-NO-IO 1 or 2%
e Binary Output (BO): CONTEC£#t !, 32ch. DO-32L-PE 1 or 28X
- {95705 EER:
— Anti Aliasing/Imaging filters WBLTFvo R ILER
— Interface box for ADC/DAC/BO WWEBELRFvo R ILE
—  Whitening/dewhitening filter + Variable gain amplifier RAIS YT IL—TTHE

Client Workstation:

« TARTIEADE=HDEKRYI—K
— A< a.FFT, swept sine, MEDM



EI\TETr

leferentlal f PACH N
.. 'Driver ::-‘_ {/ / A
‘forADC-%C 1 N

?44.4””” ——

i Al » o
A B <
,‘."v\. B ) iRt o

B Real time PC
CentOS 5.2+real time kernel

h 4core x 2 Xeon

)

- 4

Anti Imaging filters
Anti Alias filters

DAC adapter

ADC:32ch/#. $4K
DAC:16ch/#%. $3.5K
Binary Output:32ch/#%. $250




MEDMA*A—=1— Dataviewer(ZA>-0)

DTAREERT)
DTT (Swept sine)
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Whitening/Dewhitening D % £

CLIO sensitivity
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Digital first sensitivity (2010/04/16)
Whitening on (2010/06/04)
Dewhitenig on (2010/06/7)

FSS boost on (2010/06/10)

HEPA, AC off (2010/08/04)

Full power(2010/08/19)

20K Analog best (2010/03/20)
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Frequency (Hz)
T 0=16/04/2010 05:37:1012/11/6 :+ a0 AVO=1/Bin=4L )| »

*BW=0.187493



AD/DAC noise

CLIO sensitivity
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T T 1] |

ADC noise

DAC noise

Digital best (2010/08/19)

20K Analog best (2010/03/20

............... A.'?E/.@AG@._/..:(ZS?.@.ﬁ@!ii@fm%&\({rhz_._.___._._._...

- WF:zero@5Hsz, poIe@SOHz

ADC/DACnolse[j:Tj-Elbz\y\}:o) — T :
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1
N
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Frequency (Hz)

,&10=08/09/2010 01:16:38 *Avg=17/Bin=4L
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STDA digital control system for Pre-Isolator

Real Time PC

/~
!

ARt Alias

Anti Image ="

Time series

500 =T e e e e e e e e e e e T e e e e e e o o e o
- X1:X15-ADC_FILTER_00_IN1 i =
00 =
300 -
E 200 - E =
k=) 100 = o hiepbeedpe sy P St -
”n - E -
0 i =
100 § U i U -
200 A -
S | S O N N R B
0 11 20 30 40 50 60
Control ON Time ()
T0=01/02/2012 09:44:22 Avg=1
KAGRA XIVIS_ETHX_FO
0 &0 X_IN = ¥_ouT ETHK Fo
_" 2,465 %._.:Pl._ 2,465 |
v X TEST ; Test ON
[Hsensor Inputs 0.000 0000w -1.137
VHITENING 0,000 0,000 1,000 TH ON | TH OFF 5000 m
——E— 0,000 =
— |
HT OFF WHT ON YN s ¥_out
=3 " -6.264 h‘.ooo ._.:l_ 6,260 = -8.517
¥ TEST - Test O
— 0,000 0000 = .00 |
:I'A 0.000 0,000 1.000  THON | TH OFF
\HT OFF UHT ON R 0,000 = W)
FR] = 20T
1,494 h.ooo >_4:Pl_ 149 000 |
2 TEST ; Test ON
0.000 0,000 -
0,000 0,000 1,000 TH ON | TH OFF -
LI 0,000 000 |
PIT_IN s PIT_oUT
= h 1,175 000 D= 5 1,175 = Ch ™
pi7 TesT  CHPIT Test 0N
0,000 0,000
0.000 0,005 1.000  THON | TH OFF 000 |
[ T 0,000
YAUIN Do YAU_OUT | 7,935
5.409 w000 [:P4 5.409 7% |
= vy TesT LA Test. O A5 - 000 |
0,000 0.000
0.0 0.0 1.0 THON | TH OFF
] - TEEme 0,00
ROLL_IN Danp ROLL_OUT
8,816 00 B 8,816 -
RoLL Test  CHJROLL Test ON |
0.000 0,000 : |W
b oo oo Qetnes
0,000
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KACRA  {5[1: A digital LVDT driver

Trial: Replacing analog modulation-demodulation process to digital
modulation-demodulation

RT model 1&Q
Modulated Demodulatio
signal n Feedback
— iai signal

HIMATRX

cwevawe

>

=1_0ECH
Oscillator — o
Modulation
[ Power spectrum | To LVDT
10 £ T T T T T 71T T LI B B B B B T T T T T T aCtuator
= I — digital mod/demod
C //Q\ n: i analog l.nod/demod driver
10 a&/ \/ ....... — ADCnmsEe RESUltS:
LN O W01 N OO O U018 0 N L] — Factor x3~4 worse than
S 1e W
- W@% analog mod.-demod.
S 10 E e R - q“v R : " ProceSS
I WA PN, — Useful as temporary
% T ——— purpose
5L i R A A R R
1010‘1 1 10 102
Frequency (Hz)
*T0=17/04/2012 09:43:25 Avg=1/Bin=2L BW=0.0117178
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KACRA BEHE D ERERNZT A
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« BT ILAA LT ER DI

s MkmAE. EMEBD25EFE DReflective
memoryz ALV-ETEHB O FHIEES D
L&y

* Myrinet#BW\-FW=EHRT—2D
10Gbit CDERE

* GPSIEEMLEHDADCA D [EHA



KACGRA  RT rack position

A : Q Real time PC: Gentoo Linux + real time
7 patch, total ~25&
'g | ADC: GeneralStandards#t 3!
S 1 [ 32ch/card, total 3200ch™
@ | T
. DAC: GeneralStandards#t &l
I | ] 16ch/card: total 800ch™
| I == Client WS@conrol room
A4 < > 5 Linux, total ~108&
l/-\[ . . . {
\_ in
L (3000m)

JGW-G1201380



KACRA Network design

o

RFM RT control signal: very low latency

DAQ GW data: huge amount, low latency
Timing: Synchronization for all RT PC and ADC/DAC

TCP/IP: EPICS, NFS, network boot

GPS antenna

A

Mozumi
Entrance

\ 7
60 wew b, \&/ ‘
T\

/. (Hokubu-Kaikan) 3
Data Storage ¥ &
iKAGRA: 500TB ‘

1
i Remote
= control  bKAGRA: 1PB/year
L |
1 7
% '

/2

\\ ,/
27 2012/11/6 HBEIL R T LRFEEES T &
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KACRA Preparation for mass production of

—— electronics for digital system
73045 E5E0—145

* 6 layers circuit board

» 8ch Differential input/output with
buffer

* 3order 10kHz LPF, 65536Hz notch

e 0.2A/board

* 8 D-SUB 9pin connectors as
signals input, total 32ch

* D-SUB 3pin connector as DC
power supply input

K= [EIFRE+
c (FEAEDYTORATLAEE
DEFEHEET S

« KAGRAZIATHETELE., 191>
Fhr—ATH#HEAE (ERHT
)

s EiRTH 1. SMEE., A
ITCT(EIR. #8). TAk
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KAGRAEHRAT Y a— b

- IKAGRA (2010.10 — 2015.12)

A o - bKAGRA (2016.1 — 2018.3
RBETFSETOLEEEFZ KR E%ﬁ{%;l:%}ﬁ’é@é}]’[’ﬁ )
- ERREIkMO BRI Z #{E. TSRS BHIER R

- Y Y TILERER - IR MARETFSHEE U TOEME.
EA

B cCAEYRTLELCDOE

2012/ 2013

=

. OBS (2018.4 -)
REIFESAESR E T55TF a2 —Z2> 7.




