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Motivation	
  
•  Hydraulic,	
  Pneuma?c,	
  Electric	
  
•  Fault-­‐tolerant,	
  reliable,	
  autonomous	
  
•  Systema?c	
  methods	
  for	
  design	
  
based	
  
•  formal	
  specifica?ons	
  
•  verifica?on	
  and	
  valida?on	
  of	
  
complex	
  systems	
  

•  Increasing	
  complexity	
  
•  VMS	
  systems	
  designed	
  for	
  
verifica?on	
  

•  Need	
  structure	
  to	
  allow	
  verifica?on	
  
tools	
  to	
  be	
  applied	
  

•  Synthesizing	
  “correct-­‐by-­‐
construc?on”	
  design	
  protocols	
  

FUEL	
  SYSTEM	
  

POWER	
  GENERATION	
  SYSTEM	
  

ENVIRONMENTAL	
  CTRL	
  SYSTEM	
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Figure	
  courtesy	
  of	
  Rich	
  Poisson,	
  Hamilton-­‐Sundstrand.	
  Adapted	
  from	
  Honeywell	
  Patent	
  US	
  
7,439,634	
  B2	
  	
  

•  Generators	
  
•  APUs	
  
•  External	
  Power	
  
•  Ba^eries	
  
•  Buses	
  
•  Essen?al	
  
•  Non-­‐essen?al	
  

•  Loads	
  
•  Contactors	
  
•  Transformers	
  
•  Rec?fier	
  Units	
  
•  Motor	
  Drives	
  



Problem	
  Description	
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•  Specifica?ons:	
  text-­‐based	
  to	
  formal	
  language	
  
•  Safety	
  

•  Non-­‐paralleling	
  
•  Essen?al	
  loads	
  must	
  be	
  powered	
  
•  Contactor	
  opening	
  and	
  closing	
  ?mes	
  

•  Reliance	
  
•  Priority	
  Tables	
  

•  Performance	
  
•  Probability	
  of	
  failure	
  

Given	
  system	
  specifica2ons,	
  design	
  a	
  control	
  protocol	
  that	
  
ensures	
  the	
  controlled	
  system	
  sa2sfies	
  the	
  specifica2ons.	
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Formal	
  Speci<ication	
  and	
  Synthesis	
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•  Linear	
  Temporal	
  Logic	
  
•  Safety	
  
•  Progress	
  
•  Response	
  
	
  

	
  
	
  

•  GR(1)	
  Reac?ve	
  Synthesis	
  

TuLiP	
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•  Variables	
  
•  Environment:	
  GL,	
  AL,	
  AR,	
  GR	
  (healthy,	
  unhealthy)	
  
•  Controlled:	
  C1-­‐	
  C7	
  (closed,	
  open)	
  
•  Dependent:	
  B1-­‐	
  B4	
  (powered,	
  unpowered)	
  

Given	
  any	
  admissible	
  environment	
  ac2ons,	
  determine	
  all	
  sets	
  of	
  
contactor	
  configura2ons	
  (and	
  transi2ons)	
  such	
  that	
  system	
  will	
  
sa2sfy	
  all	
  specifica2ons	
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  Speci<ications	
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•  Environment	
  Assump?on	
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•  No	
  Paralleling	
  of	
  AC	
  Sources	
  
	
  

•  Essen?al	
  Buses	
  
•  Disconnect	
  Unhealthy	
  Buses	
  

	
  
•  Power	
  Status	
  of	
  Buses	
  

	
  

	
  
1.   Direc2on	
  –	
  no	
  parallel	
  
2.   Inten2on	
  –	
  2me	
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•  Single-­‐line	
  diagram	
  of	
  an	
  electric	
  power	
  system	
  
•  Converted	
  text-­‐based	
  requirements	
  into	
  formal	
  specifica?on	
  
language	
  

•  Synthesized	
  central	
  and	
  distributed	
  controllers	
  
•  Timing	
  and	
  interface	
  constraints	
  
	
  

•  Implementa?on	
  of	
  cost	
  func?on	
  vs.	
  priority	
  tables	
  
•  Scalability:	
  synthesize	
  for	
  en?re	
  system	
  (large-­‐scale)	
  
•  Be^er	
  integra?on	
  with	
  ?me	
  
•  Timed	
  temporal	
  logic	
  
•  “On-­‐the-­‐fly”	
  synthesis	
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