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¡  Identify	
  components	
  in	
  the	
  control	
  loop	
  
=>	
  Block	
  diagram	
  

¡  System	
  identification	
  
=>	
  Transfer	
  function	
  measurements	
  of	
  individual	
  components	
  
=>	
  Loop	
  transfer	
  function	
  measurements	
  
=>	
  Frequency	
  (=	
  laplace)	
  domain	
  modeling	
  of	
  the	
  components	
  

¡  Loop	
  performance	
  analysis	
  
	
  
¡  Noise	
  analysis	
  



¡  System	
  identification	
  
=>	
  Transfer	
  function	
  measurements	
  of	
  individual	
  components	
  
=>	
  Frequency	
  (=	
  laplace)	
  domain	
  modeling	
  of	
  the	
  components	
  

	
  

¡  Typical	
  tools:	
  vectfit	
  (matlab),	
  LISO	
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¡  System	
  identification	
  
=>	
  Loop	
  transfer	
  function	
  measurements	
  
=>	
  Frequency	
  (=	
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  domain	
  modeling	
  of	
  the	
  components	
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¡  An	
  example	
  of	
  a	
  servo	
  block	
  diagram	
  
§  Frequency	
  stabilization	
  control	
  (TAMA300)	
  	
  

Shigeo	
  Nagano	
  et	
  al.,	
  “Development	
  of	
  a	
  multistage	
  laser	
  frequency	
  stabilization	
  for	
  
an	
  interferometric	
  gravitational-­‐wave	
  detector	
  “	
  
Rev.	
  Sci.	
  Instr.	
  	
  74,	
  (2003)	
  	
  4176-­‐4183	
  
	
  
Shigeo	
  Nagano,	
  Ph.D	
  thesis,	
  Univ	
  of	
  Tokyo	
  (1999)	
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Figure 8.2: Block diagram of the frequency stabilization system for TAMA300.
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¡  An	
  example	
  of	
  the	
  noise	
  estimation	
  project	
  
§  Frequency	
  stabilization	
  control	
  (TAMA300)	
  	
  

Shigeo	
  Nagano	
  et	
  al.,	
  “Development	
  of	
  a	
  multistage	
  laser	
  frequency	
  stabilization	
  for	
  an	
  interferometric	
  
gravitational-­‐wave	
  detector	
  “,	
  Rev.	
  Sci.	
  Instr.	
  	
  74,	
  (2003)	
  	
  4176-­‐4183	
  
	
  
Shigeo	
  Nagano,	
  Ph.D	
  thesis,	
  Univ	
  of	
  Tokyo	
  (1999)	
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Figure 8.6: Noise estimation of L+ Servo: Seismic; seismic noise, Pendulum; ther-
mal noise of pendulum, Internal; thermal noise of mirror internal, Shot noise; laser
shot noise, Error Signal; error signal of L+ servo; MC Servo, frequency noise of the
transmitted light through the mode cleaner.

frequency of the mode cleaner and that of the arm cavity of the interferometer.

The equivalent frequency fluctuation of the feedaround voltage, using Eq. (8.10), is

given by

Ffeedaround ∼ Tfeedaround

Cmc
Flaser
Tmc

+ (Fmc − Fint)

1 +
(

TL+

) . (8.16)

From equation (8.16), we find that the equivalent frequency fluctuation depends

on the transfer function of the feedaround path (Tfeedaround).

The allowable RMS deviation of the carrier frequency is measured to be less

than 30 Hzrms [65]. To satisfy this tolerance, the feedaround path (Tfeedaround) needs

to be high-pass filtered sharply below the crossover frequency.

Figure 8.7 shows the estimated deviation of the carrier frequency caused by the

injection of the feedaround voltage. The RMS deviation of the carrier frequency is

estimated to be less than 1.1Hzrms.
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¡  An	
  example	
  of	
  a	
  complicated	
  block	
  diagram	
  
§  Arm	
  Length	
  Stabilization	
  control	
  (green	
  locking)	
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¡  An	
  example	
  of	
  a	
  complicated	
  noise	
  estimation	
  project	
  
§  Arm	
  Length	
  Stabilization	
  control	
  (green	
  locking)	
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