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Context	
  for	
  Moderniza3on	
  

§ Current	
  opera,ons	
  
•  Surveillance	
  using	
  ground-­‐based	
  radar	
  systems	
  

•  Primarily	
  “procedural”	
  approach	
  to	
  air	
  traffic	
  control	
  

•  Manual	
  handoffs	
  between	
  controllers	
  with	
  liAle	
  prior	
  coordina,on	
  

•  Radio	
  communica,ons	
  between	
  pilots	
  and	
  controllers	
  

§ NextGen	
  opera,onal	
  concepts	
  
•  Automa,c	
  Dependent	
  Surveillance	
  –	
  Broadcast	
  (ADS-­‐B)	
  

•  Increased	
  poten,al	
  for	
  op,miza,on	
  and	
  control	
  algorithms	
  
–  Increased	
  availability	
  of	
  state	
  informa,on	
  (onboard	
  and	
  ground)	
  
–  Datalink	
  capabili,es	
  

§  Poten3al	
  to	
  enhance	
  capacity,	
  efficiency	
  and	
  safety;	
  	
  
decrease	
  environmental	
  impacts	
  	
  



3	
  

Today’s	
  Air	
  Traffic	
  Management	
  System:	
  	
  
Func3onal	
  Architecture	
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  from	
  A.	
  HaraldsdoTr	
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“Simplified	
  Model	
  of	
  the	
  Na3onal	
  Aispace	
  System”	
  

[Chinoy and Fischer, 2011] 
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Key	
  Challenges	
  

§  Iden,fying,	
  assessing	
  and	
  mi,ga,ng	
  risks	
  

§ Managing	
  uncertain,es	
  

§ Human-­‐automa,on	
  integra,on	
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Iden3fying,	
  Assessing	
  and	
  Mi3ga3ng	
  Risks	
  

§  Technology	
  transi,on	
  
•  Interac,ons	
  with	
  legacy	
  systems	
  

•  Mixed-­‐equipage	
  scenarios	
  

§  Security	
  
•  GPS	
  jamming/spoofing	
  

•  Threat	
  detec,on	
  and	
  mi,ga,on	
  

§  Incen,ves	
  for	
  par,cipa,on	
  
•  Programma,c	
  risks:	
  Cancella,ons,	
  ,me/cost	
  overruns	
  	
  

•  Cost	
  vs.	
  poten,al	
  benefit	
  of	
  collabora,on	
  (“Equipage	
  paradox”)	
  

•  Risks	
  associated	
  with	
  informa,on-­‐sharing	
  

[R.	
  Chew,	
  ICNS	
  2011]	
  

Program	
   Status	
  

Advanced	
  Automa3on	
  System	
   Cancelled	
  

Microwave	
  Landing	
  System	
   Cancelled	
  

Controller	
  Pilot	
  Data	
  Link	
  
Communica3ons	
  

Cancelled	
  

Advanced	
  Tech	
  &	
  Oceanic	
  Procedures	
  ~10	
  yr	
  delay	
  

Standard	
  Terminal	
  Automa3on	
  
Replacement	
  System	
  

~7	
  yr	
  delay	
  

En	
  Route	
  Automa3on	
  Moderniza3on	
   ~3	
  yr	
  delay	
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Managing	
  Uncertainty	
  
§  Modeling	
  of	
  capacity-­‐	
  and	
  
demand-­‐side	
  uncertain,es	
  

§  Predic,on	
  and	
  reduc,on	
  of	
  delays	
  
and	
  their	
  propaga,on	
  

§  Large-­‐scale	
  stochas,c/robust	
  
op,miza,on	
  and	
  control	
  
algorithms	
  

§  Resilience	
  through	
  mul,-­‐modality?	
  

[MIT	
  LL	
  Lab]	
  

[NASA]	
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Human-­‐Automa3on	
  Integra3on	
  

§ Human-­‐in-­‐the-­‐loop	
  CPS	
  (aka	
  h-­‐CPS)	
  
§  Situa3on	
  awareness,	
  while	
  important,	
  	
  	
  	
  	
  
does	
  not	
  equal	
  decision-­‐support	
  

§ Performance	
  tracking	
  
•  Development	
  of	
  metrics	
  

•  Feedback	
  to	
  operators	
  

§ Graceful	
  degrada,on	
  	
  
§ Mul,-­‐stakeholder	
  tradeoffs	
  and	
  interac,ons	
  

§  Increase	
  in	
  autonomy	
  

§ Data-­‐driven	
  modeling	
  and	
  simula,on;	
  
learning-­‐based	
  control	
  

www.bls.gov	
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Summary	
  
§  NextGen	
  technologies	
  present	
  a	
  range	
  of	
  opportuni,es…	
  

[www.jpdo.gov]	
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Summary	
  
§  NextGen	
  technologies	
  present	
  a	
  range	
  of	
  opportuni,es…	
  
…while	
  also	
  raising	
  important	
  CPS	
  challenges	
  

Iden,fying,	
  assessing	
  
and	
  mi,ga,ng	
  	
  

RISK	
  	
  

Robustness	
  and	
  
resilience	
  under	
  
UNCERTAINTY	
  

Effec,ve	
  
HUMAN-­‐AUTOMATION	
  

INTEGRATION	
  

[www.jpdo.gov]	
  


