
LSC/ASC 

Frame Builder  
Real time data 

EPICS                           
setting gain, filter switch 

TCP / IP 

PC 

64Hz 16kHz 

IFO�

PC PC PC 

Actuators�

Real time PC �

Monitor/Data acquisition 

Sensors�

Control signal filtering	


whitening 

Concept	
  of	
  the	
  digital	
  system	

•  Provides	
  a	
  very	
  flexible	
  
human	
  interface	
  to	
  the	
  
complex	
  DOFs	
  of	
  the	
  
interferometer.	
  

•  Func>ons	
  as	
  sensing,	
  control,	
  
monitor,	
  switch	
  

•  Good	
  solu>on	
  to	
  treat	
  huge	
  
numbers	
  of	
  signals	
  

AA 
ADC 

dewhitening 

AI 
DAC 

Data	
  storage	


16kHz	
  full	
  data	
  
Trend	
  data	


16kHz 
loop 
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Global	
  and	
  internal	
  requirements	


Global	
  requirements	
  
•  Observa>on	
  bandwidth	
  

>5kHz	

•  Dynamic	
  range	
  >120dB	

•  Control	
  bandwidth	
  >200Hz	

•  Number	
  of	
  channels	
  >1024	

•  Number	
  of	
  output	
  channels	
  

>256	
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Item Requirements Comment 

Sampling rate >=16384Hz 65536Hz at ADC, then decimated to 
16384Hz 

ADC bit resolution >=16bit  

Dynamic range of 
input >=+/-15V Differential input 

Dynamic range of 
output >=+/-10V Differential output 

ADC noise <3uV/rHz Effectively reduced by whitening filter 

DAC noise <3uV/rHz Effectively reduced by dewhitening 
filter 

time delay <100usec For >200Hz UGF 

Input channel 
numbers >2048ch (16kHz:>128ch, 2kzHz:>512ch, 

64Hz>1024ch) 

Output channel 
numbers >512ch For mirrors, seismic attenuators, 

PZTs etc. 

Stored channel 
numbers 

16kHz:>64ch, 2kzHz:>512ch, 
64Hz>1024ch, 16Hz>10000ch ~300TB/year 

 

Provides	
  a	
  robust	
  and	
  flexible	
  plaUorm	
  to	
  IFO	
  and	
  all	
  subsystems	
  
for	
  control,	
  monitor,	
  diagnos>c,	
  switch	
  
during	
  installa>on,	
  commissioning,	
  opera>on,	
  observa>on	
  

Internal	
  requirements	




Overview	
  of	
  digital	
  system	
  subgroup	

Building	
  digital	
  system	
  
with	
  whole	
  network	
   Applica>on	
  

Data	
  analysis	
  

Providing	
  a	
  plaUorm	
  
for	
  signal	
  input/output	
  

Interferometer	
  
SAS	
  
etc.	
  

•  Real	
  >me	
  system	
  
•  PC,	
  so[ware	
  
•  ADC/DAC/BO,	
  AA/AI	
  
•  DAQ/RFM/>ming	
  network	
  

General	
  
network	
  

DAQ	
  network	
  

Client	
  worksta>ons	
  

PRM	
  

SRM	
  

BS	
  

ITMY	
  

ETMY 

ITMX	
   ETMX	
  

Front-­‐end	
  PC	
  

RFM	
  network	
  

•  Control,	
  monitor,	
  switch	
  
•  Auto	
  lock,	
  auto	
  alignment	
  
•  Commissioning,	
  noise	
  hun>ng	
  
•  Diagnosis,	
  tuning,	
  calibra>on	
  
•  Opera>on,	
  observa>on	
  

IO	
  chassis	
  

Provided	
  by	
  digital	
  subgroup	
 Prepared	
  by	
  each	
  subgroup	


Interface/	
  
driver	
  box	
  



Hardware	
  and	
  so[ware	


1.  Dual	
  x86	
  processors,	
  with	
  four	
  CPU	
  cores	
  each.	

2.  Processor	
  clock	
  speed	
  of	
  3GHz.	

3.  Eight	
  (8)	
  Gigabyte	
  of	
  memory.	

4.  Two	
  Gigabit	
  Ethernet	
  interfaces.	

5.  One,	
  or	
  more,	
  real-­‐>me	
  network	
  interfaces	


–  Reflected	
  Memory	
  (RFM)	

–  PCI	
  Express	
  (PCIe)	
  network	
  interface	


6.  A	
  PCIe	
  interface	
  to	
  the	
  PCIe	
  expansion	
  chassis	
  
with	
  a	
  maximum	
  of	
  14	
  PCIe	
  cards	
  installed.	
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Real	
  >me	
  code	
  on	
  Matlab,	
  Simulink	
  
	


2010/9/13 日本物理学会2010年秋期大会  宮川　治	


ADC	
 DAC	


光路長	
  
制御	


Laser	


MC	


LSPI	


Auto	
  
Alignment	
QPD	


Suspension	


Binary	
  output	
  
によるスイッチ	




MEDM	
  	
  -­‐-­‐Length	
  sensing	
  and	
  control	
  system	
  

D
em
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ul
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l"

 fr
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D
"
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Monitor/diagnosis	
  so[ware	


•  Dataviewer:	
  osciloscope,	
  	
  
•  DTT:	
  FFT	
  analyzer	
  
•  Foton:	
  digital	
  filter	
  composer	
  
•  Ezcademod:	
  digital	
  modulator/
demodulator	
  

•  Foton:	
  GUI	
  digital	
  filter	
  composer	
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Filters	
  on	
  MEDM	
  
•  Signal	
  excita>on	
  
•  10	
  filter	
  banks	
  
•  3	
  monitor	
  point	
  IN1/IN2/OUT	
  



QPDを利用した自動入射ビームアラインメント	
  
	


2010/9/13 日本物理学会2010年秋期大会  宮川　治	


##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	
  
	
  
#yaw	
  
python /cvs/cds/kami/scripts/AutoAlignment/DitherAlignment.py --freq 5 --excGain 0 --fbGain 0.005 --readBack	

Chan "K1:CTR-AIS_MMT1_YAW_OUT16" --feedBackChan "K1:PICO-SM1_YAW" --successCond 40 --fbWait 1 --timeout 60	
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Digital制御での現CLIO感度	
  
	


• 測定時はターボポンプon	
  
• 中周波はアラインメントに大きく依存	
  
• 高周波はショットノイズではない、phase	
  
shi[erのトラブル?	
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AD/DAC	
  noise	
  
	


•  ADC/DACのノイズそのものはそれぞれ数μV/rHz	
  
• 一段のWF/DWF	
  
- WF:zero@5Hz,	
  pole@50Hz	
  
-  DWF:pole@1Hz,	
  zero@50Hz	
  

•  ADC/DAC	
  noiseはアナログベストの一桁下	
  
• 残りはデジタル固有のノイズというよリはCLIO自身のノイズ	
  
•  デジタル自身のノイズハンティングはこれで一段落した	
  



Calibra>on	
  
	


2010/9/13 日本物理学会2010年秋期大会  宮川　治	


1.	
  ロック中、サスペンションアク
チュエータ直前のノイズ①を
デジタル内で測定	
  
	
  
2.	
  Open	
  loot	
  TF:Gを測定②	
  
	
  
3.	
  ②を(1+G)/G*f^-­‐2*m/ctに変
換③	
  
	
  
4.	
  Calibrated	
  noise:	
  ①＊③
（前ページの図）	
  
	
  
5:	
  次回以降Calibrateしたいとき
はUGFを常に同じになるように
制御ゲインを調整すればよい	
  
	
  
→	
  常時感度モニタの実現	
  
	
  

•  UGFより低い周波数ではフィル
ターの形を任意に変えてもOK（高
い周波数を変えたらOLTFの再測
定）	
  
•  ノイズ測定ポイント以前ではゲイ
ンを変えても構わない（測定点以
降のゲイン変化は補正が必要）	
  

	
  
	
  

②	


③	
②	




Connec>ng	
  subsystems	
  into	
  digital	
  system	
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Interface/driver	
  box	
  
•  Variable	
  gain	
  stage	
  
•  Whitening	
  
•  dewhitening	
  filter	
  
•  Switch	
  by	
  BO	
  

Front-­‐end	
  PC	
  
•  Real	
  >me	
  core	
  

IO	
  chassis	
  

An>	
  Alias	
  filter	
  box	
  

An>	
  Imaging	
  filter	
  box	
  

Binary	
  Output	
  interface	
  box	
  

Worksta>on	
  
•  Dataviewer(oscilloscope)	
  
•  DTT(FFT)	
  
•  Foton(digital	
  filter	
  setng)	
  

Network	
  router	
  

:D-­‐sub	
  connector	
  

Prepared	
  by	
  each	
  subgroup	




Interface	


•  ADC	
  32ch/card	
  
–  16kHz	
  sampling	
  
–  With	
  An>	
  Alias	
  filters	
  
–  2uV/rHz	
  
–  D-­‐sub	
  9pin(for	
  4ch,	
  differen>al),	
  +/-­‐20V	
  input	
  

•  DAC	
  16ch/card	
  
–  With	
  An>	
  Imaging	
  filers	
  
–  1.5uV/rHz	
  
–  D-­‐sub	
  9pin(for	
  4ch,	
  differen>al),	
  +/-­‐10V	
  output	
  

•  BO	
  32ch/card	
  
–  D-­‐sub	
  9pin(for	
  4ch,	
  differen>al),	
  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	
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Network	
  design	
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IO	
  chassis	


Front-­‐end	
  PC	


Worksta>ons	
  

IO	
  chassis	


Front-­‐end	
  PC	


IO	
  chassis	


Front-­‐end	
  PC	


IO	
  chassis	


Front-­‐end	
  PC	


IO	
  chassis	


Front-­‐end	
  PC	


Data	
  analysis	
  

DAQ	
  
network	
  

General	
  
network	
  

Dolphin	
  network	
  

RFM	
  
network	
  

3km	
  

X	
  end	


Y	
  end	


Center/front	
  
room	


Control	
  room	


Computer	
  
center	
 Metal	
  cable	
  

Fiber	
  cable	




Timing	
  Network	
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1PPS	
  signal	
  

3km	
  

X	
  end	


Y	
  end	


Center/front	
  
room	


Metal	
  cable	
  
Fiber	
  cable	


Timing	
  
master	
  

IO	
  chassis	
  

Front-­‐end	
  PC	
  
•  Real	
  >me	
  core	
  

IO	
  chassis	
  

Front-­‐end	
  PC	
  
•  Real	
  >me	
  core	
  

IO	
  chassis	
  

Front-­‐end	
  PC	
  
•  Real	
  >me	
  core	
  

Timing	
  slave	
  

Timing	
  slave	
  

Timing	
  slave	
  

GPS	
  antenna	
  

GPS	
  receiver	
  

NTP	
  server	
  

DAQ	
  server	
  

IRIG-­‐B	
  



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…	
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DAQ	
  Channel	
  list	
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CentOS	
  5.2+real	
  /me	
  kernel	
  
4core	
  x	
  2	
  Xeon	
  

ADC/DAC	
  
In	
  Expansion	
  Chassis	


An/	
  Imaging	
  filters	

An/	
  Alias	
  filters	


Real	
  /me	
  PC	


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

ADC	
  adapter	


DAC	
  adapter	


PCIe接続	


To	
  NIM	
  modules	


Differen/al	
  
Receiver	
  
for	
  DAC	
Differen/al	
  

Driver	
  
for	
  ADC	


Differen/al	
  
Driver	
  
For	
  BO	


Binary	
  output	
  adapter	


Pictures	
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Client	
  system	
  
	


DTT	
  (FFT)	
Dataviewer(オシロ)	


MEDM	
  
（マニュアル制御）	


オートロックスクリプト	
  
コントローラ（自動制御）	


DTTメニュー	


MEDMメニュー	


•  スクリプトにより自動でロックし、測定、改善するとい
う体制ができつつある	
  

DTT	
  (Swept	
  sine)	




Network	
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Opera>on	
  test	
  of	
  CDS	
  network	
  for	
  H2	


•  RFM	
  network	
  
•  Dolphin	
  network	
  
•  DAQ	
  network	
  
•  Timing	
  network	
  
•  General	
  network	
  


