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About	
  the	
  Engineering	
  Challenge	
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Precise	
  Instruments	
  and	
  Control	
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Examples	
  from	
  LIGO	
  

•  Control	
  of	
  mirror	
  suspensions	
  
•  Technique	
  for	
  measurement	
  of	
  quality	
  facto	
  of	
  
mechanical	
  oscillators	
  

•  Ac0ve	
  noise	
  cancella0on	
  in	
  a	
  suspended	
  
interferometer	
  

•  High	
  precision	
  MEMS	
  ground	
  rota0on	
  sensor	
  
•  State	
  observers	
  and	
  Kalman	
  filtering	
  for	
  vibra0on	
  
systems	
  

•  …	
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Suspension	
  control	
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Requirements	
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GOAL:	
  Reduce	
  Q-­‐factor	
  from	
  10^6	
  to	
  10	
  by	
  ac've	
  control	
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  of	
  simple	
  models	
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Loop	
  Transfer	
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Nyquist	
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Kalman	
  filter	
  instead	
  of	
  sensor	
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LQG	
  Tuning	
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Results	
  



Evalua0ng	
  Robustnes	
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Summary	
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