m Concept of the digital system

IFO * Provides a very flexible

human interface to the

Actuators complex DOFs of the
interferometer.

* Functions as sensing, control,
monitor, switch

* Good solution to treat huge
numbers of signals

Sensors

ewhltenln

DAC

Real time PC

. LSC/ASC

f"te”“g Control signal
it 10

EPICS Frame Builder
setting gain, filter switch

IO )

Real time data

64Hz TCP/ |P¢ 16kHz Data storage
- 16kHz full data
EEEEEEEEEEEENER Trend data

JGW-G1100388 11/3/4 LCGT External review, Osamu Miyakawa




Global and internal requirements

Global requirements

Observation bandwidth
>5kHz

Dynamic range >120dB
Control bandwidth >200Hz
Number of channels >1024

Number of output channels
>256

Internal requirements

Item

Requirements

Comment

Sampling rate

65536Hz at ADC, then decimated to

>=16384Hz 16384Hz
ADC bit resolution >=16bit
Dynamic range of | ___, 45y Differential input
input
Dynamic range of >=+4+/-10V Differential output
output
ADC noise <3uV/rHz Effectively reduced by whitening filter
DAC noise <3uV/rHz E_ffectlvely reduced by dewhitening
filter
time delay <100usec For >200Hz UGF
Input channel (16kHz:>128ch, 2kzHz:>512ch,
numbers >2048ch 64Hz>1024ch)
Output channel >512¢h For mirrors, seismic attenuators,

numbers

PZTs etc.

Stored channel
numbers

16kHz:>64ch, 2kzHz:>512ch,
64Hz>1024ch, 16Hz>10000ch

~300TB/year

Provides a robust and flexible platform to IFO and all subsystems
for control, monitor, diagnostic, switch
during installation, commissioning, operation, observation




m Overview of digital system subgroup

Building digital system Providing a platform
with whole network for signal input/output

Application
Interferometer

SAS

Interface/ etc.
driver box

RFM network

Front-end PC

y

10 chassis

General
network

DAQ network

nnnnnnnnnnnnnnnnnn

Provided by digital subgroup Prepared by each subgroup Data analysis
« Real time system * Control, monitor, switch
« PC, software * Auto lock, auto alignment
« ADC/DAC/BO, AA/AI e Commissioning, noise hunting
«  DAQ/RFM/timing network e Diagnosis, tuning, calibration

* Operation, observation

 TMX



m Hardware and software

. Dual x86 processors, with four CPU cores each.
. Processor clock speed of 3GHz.

1
2
3. Eight (8) Gigabyte of memory.
4. Two Gigabit Ethernet interfaces.
5. One, or more, real-time network interfaces
— Reflected Memory (RFM)
— PCI Express (PCle) network interface
6. A PCle interface to the PCle expansion chassis

with a maximum of 14 PCle cards installed.



eal time code on Matlab, Simulink

CLIO Center Room Controls |

SW Install

site=K1
rate=16K

deuid=9
gds_node_id=0
shmem_daqg=1
no_sync=1
cdsParameters

Length Sensing and Controls

<adc_0_8>
PCIB6-16AI64SSA
adc_0
<adc_0_10>

|
<adc_0_12>

Terminatoré

DAC_0

DAC

20Vp-p, 16-bit, 305uV/count

Terminator1i2  Terminatori1

sus
Length Sensing and Controls

CDO032_0  Terminator4

Constani

Monitors for laser bench

A

LA_State_Bits_Reacd
bitshift cdsEpicsOutput

Binary output
— I2EDRAYF

m.to
Alignment
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MEDM --Length sensing and control system
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=
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1,400
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0,000

from

————— Status ——

LSC

-- Whitening/Overflow —-

Input

Hatrix

ASC

CLIO LSC
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LABStatlstaseaares

X Arm ¥ oarm DET

Ramp Time (sec)s

0,000
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Output

Matrix

D/A

suspensions

Output to

—————————— Related Screens ——————————-

LSC_¥ARM Complete




m Monitor/diagnosis software

Dataviewer: osciloscope,
DTT: FFT analyzer
Foton: digital filter composer

Ezcademod: digital modulator/
demodulator

Foton: GUI digital filter composer

Filters on MEDM

* Signal excitation

* 10 filter banks

* 3 monitor point IN1/IN2/OUT

Eile Plot Window

Help

Design ~ Graphics |

[
=]l

Transfer function |

T T T
current_out / current_in

——
—

Magnitude (dB)

T T I I T TITT T TTT

AT T T

10° 10°
Frequency (Hz)

°

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

L1CTR.txt

C1=

Transfer function |

T — T T T T T T T T T T T T — T T T T
i | current_out / current_in

1

50

Phase (deg)

-50

9 0 O O O O O I A O

-100

0

107 10*
Frequency (Hz)

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

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

2

L1CTR.txt

print.. |

Bode Plot | Step Response I s-Plane Roots | Save | LLozd| Coefleients |

Exit |

LICTR-LSC_XARM Mon Mar 1 20:12:07

CLEAR HISTORY LOAD COEFFICIENTS HOLD OUTPUT

11k*2 boost30:1b00st303 . [ 70,814
IWH o g

10000,0 -16,039

o
540,000

Ramp Time (sec):




m QPDZEFIRALI-B#MAFE—LTSA AV

000 [X| K1:PICO-MC_align.adl

000

X K1PICO-QPD_align.adl

OPD Alignment

teing] oe1r-F| v |

|

-69,108
-38,138

##MMT1 QPD centering

#pitch

python /cvs/cds/kami/scripts/AutoAlignment/DitherAlignment.py ——freq 5 ——excGain 0 ——fbGain 0.1 ——readBackChan
“K1:CTR-AIS_ MMT1_PIT_OUT16" ——feedBackChan “K1:PICO-SM1_PIT” ——successCond 10 —=fbWait 1 ——timeout 120

H#yaw
python /cvs/cds/kami/scripts/AutoAlignment/DitherAlignment.py ——freq 5 ——excGain 0 ——fbGain 0.005 ——readBack
Chan “K1:CTR-AIS_ MMT1_YAW QUT16” ——feedBackChan “K1:PICO-SM1_YAW" --successCond 40 ——fbWait 1 ——timeout 60
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AD/DAC noise

CLIO sensitivity
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Calibration

: f;d’: . o X Diagnostics test tools - /cvs/cds/kami/users/default/templates/XARM_OLG3.xml . | 1. D \\J7 q] . -U-X/\o“/:/a _‘/77
File Edit Measurement Plot Window Help e >
Input | Measurement|  Excitation Result q-ll_g IE All 0) / ,rx @ E
—_— =3 =
ﬂ [ Gain of Open Loop TF j' [ Coherence function | T y& ) l/ m -G I,EI] E
20 = g ——I m.Icm-;sc‘;m;.u;mlnér‘m m.ch-Lscl_xARM:lmmért 0 ; E re" g
E E e 3 Hl ==
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Connecting subsystems into digital system

Front-end PC
* Real time core Network router i
Workstation

Dataviewer(oscilloscope)

IO chassis « DTT(FFT)
* Foton(digital filter setting)

Prepared by each subgroup

Interface/driver box
* Variable gain stage
*  Whitening
* dewhitening filter
. SWitCh by BO Accelerome ter

/ Vertical Filter
Coil-magnet Actuator = /
) N LvDT

Anti Alias filter box

= 9 9 o

Vertical Filter

-— ———Monolithic GAS

Anti Imaging filter box

Inverted Pendulum Leg

|====ﬁ

\ +—— Platform

| - Intermediate Stage

Binary Output interface box

Recoil-mass
Payload

g 9O g g
= 4V 99

™ :D-sub connector (
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m Interface

« ADC 32ch/card
— 16kHz sampling
— With Anti Alias filters
— 2uV/rHz
— D-sub 9pin(for 4ch, differential), +/-20V input
* DAC 16ch/card
— With Anti Imaging filers
— 1.5uV/rHz
— D-sub 9pin(for 4ch, differential), +/-10V output

e BO 32ch/card

— D-sub 9pin(for 4ch, differential), 0 or +5V output
» Ex. Variable gain amp for 16 steps/1 D-sub connector

Note: D-sub 37pin may be supported for all input/output



—_——

Data analysis

/ Front-end PC

10 chassis

Front-end PC
—’

10 chassis

Front-end PC
[

/ 10 chassis

\\\\ Dolphin network

Computer
center

= Metal cable
—— Fiber cable

General
network

RFM
network

Front-end PC
2 )

10 chassis

Center/front “
room / < 3km

JGW-G1100388
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)

Front-end PC
A )

10 chassis




m Timing Network

== Metal cable
—— Fiber cable

GPS antenna
IRIG-B

~ -
\

GPS receiver

DAQ server

NTP server

, X end
‘ Front-end PC

¢ Real time core

Front-end PC
* Real time core

Timing slave

IO chassis

IO chassis
1PPS 5|gnal
C Timing
Vo P P master - -~
§ Front-end P
' * Real time ¢ r(.end
Timing slave
IO chassis

Tlmlng slave Center/f
room / %
<H 3km >
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ASeEy Making channel lists

 Needs channel list for ADC/DAC/BO
— ADC input ~2048ch

* will be categorized as class1(IFO main), class2(IFO sub),
class3(PEM, physical environment monitor)...

— DAC output: ~¥512ch
— BO: ~2048ch

* DAQ channel: stored signals to data storage as
16kHz, 2kHz, 64Hz...



m DAQ Channel list

6. Channel list

a. 16kHz (total 64ch)

Number of stored channels Data acquisition, 16KkHz:64ch, 2kHz:512ch, 64Hz:1024ch Part Channel point Channel number | Description
Dati alnalysis, IFO 16Hz:16384 epics channels Laser Output laser power[W] 1
contro . )

see channel list) IFO Input laser power[W] 1

Data bit resolution at ADC/DAC | Data acquisition 16bit = 62,22 Ve REFL 1

Data bit resolution in PC Data acquisition 32bit = 4 Byte integer

MC length feedback 1
Data transfer rate Data acquisition 4MB/sec for 16kHz,
4MB/sec for 2kHz MC frequency feedback 1
128kB/sec for 64Hz,
1MB/sec for 16Hz,
/ LsC 1&Q dor DARM, CARM, MICH, PRC, SRC, | 10
Total ~10MB/sec etc.
~30GB/hour
error, feedback 10
~1TB/day
~300TB/year SuUs length * 10 suspensions 10

b. 2kHz (total 256¢h)

Part Channel point Channel number | Description
ASC WFS 5xpitch, yaw=50
Oplev 10xpitch,yaw=100

c. 64Hz Long term monitor (total 512ch)

Part Channel point Channel Description
number
Temperature[deg] | room 10 center, end, arm
table 10 laser, REFL, AS, pickoff,
end
suspensions 50 Low temperature
mirrors 50 Low temperature
Humidity[%] rooms 10 center, end, arm
Dust rooms 10 center, end, arm
Laser crystal temperature[degree] and etc. | 10
Master laser power[W] 2




xf le'(e’ éf‘m:

Elmf

leferentlal f DAC
- .Driver xg, /- ,
‘for-ADC- %

B | Real time PC
CentOS 5.2+real time kernel

r‘l 4core x 2 Xeon

Anti Imaging filters
Anti Alias filters

DAC adapter

ADC:32ch/S4K
DAC:16ch/$3.5K
Binary Output:32ch/$250
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Gestvad)

~ Operation test of CDS network for H2

B
RFM network
Dolphin network
DAQ network

Timing network
General network



