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Scien9fic	
  Impact:	
  	
  
Approach	
  should	
  generalize	
  to	
  
CPH	
  systems	
  where	
  safety	
  
envelopes	
  can	
  be	
  quan=fied,	
  
control	
  laws	
  or	
  best	
  prac=ces	
  are	
  
known	
  and	
  system	
  state	
  can	
  be	
  
visualized	
  in	
  the	
  context	
  of	
  these	
  
envelopes:	
  Humans	
  and	
  
automa=on	
  share	
  responsibility	
  
for	
  safe	
  system	
  opera=on.	
  

Solu9on:	
  	
  
Repurpose	
  control	
  
automa=on	
  to	
  create	
  novel	
  
interface	
  designs	
  visualizing	
  
envelopes	
  of	
  safe	
  opera=on,	
  
keeping	
  the	
  human	
  in	
  the	
  
loop.	
  Automa=on	
  can	
  also	
  
be	
  engaged	
  to	
  provide	
  
control	
  compensa=on	
  to	
  
ensure	
  safe	
  envelope	
  
protec=on	
  in	
  coopera=on	
  
with	
  human	
  control	
  input.	
  

Challenge:	
  	
  
Standard	
  methods	
  for	
  
automa=ng	
  control	
  systems	
  
drive	
  the	
  human	
  out	
  of	
  the	
  
loop,	
  resul=ng	
  in	
  loss	
  of	
  
situa=on	
  awareness,	
  skill	
  
degrada=on,	
  inability	
  to	
  jump	
  
into	
  the	
  control	
  loop	
  when	
  
needed,	
  etc.	
  

Broader	
  Impact:	
  	
  
Avia=on	
  (airplanes),	
  
highways	
  (intelligent	
  
vehicles),	
  medicine	
  
(robo=c	
  surgery),	
  etc.	
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We	
  agree	
  that	
  the	
  “handoff”	
  problem	
  has	
  no	
  good	
  prac9cal	
  solu9on.	
  
	
  
We	
  are	
  exploring	
  alterna9ve	
  paradigms	
  (to	
  the	
  handoff,	
  to	
  Google).	
  



 
 
	
  

   Reversing Figure and Ground 

Instead of  asking the human to look over automation’s 
shoulder and intervene when necessary, let’s ask 
automation to look over the human’s shoulder, and: 
 
1.  Provide continuous information on the relationship 

between current performance and safety barriers (or 
safety “envelopes”). 

 
2. And possibly also intervene to ensure performance  
    stays within these envelopes. Yet the human can still 
    override automation by deactivating it, and      
    automation’s role in providing control compensation is  
    fully transparent to the human. 

 



 
 
	
  

	
  	
  	
  	
  	
  	
  	
  AIAA	
  Guidance,	
  Naviga=on	
  and	
  Control	
  Conference,	
  Jan.	
  2015.	
  



 
 
	
  

Quantifying “Loss-of-Control” (Safety) Envelopes 



 
 
	
  

Cockpit Interface Design Enhancements 



 
 
	
  

Cockpit Interface Design Enhancements 



Reversing Figure and Ground in HAI 



 
 
	
  

 Experimental Evaluation in Process 

-­‐	
  3	
  Condi=ons:	
  	
  1.	
  Control	
  	
  2.	
  Display	
  Aids	
  	
  3.	
  Display	
  Aids	
  +	
  FEP	
  Compensa=on	
  
-­‐	
  N=	
  12	
  per	
  condi=on	
  (pilots	
  with	
  varying	
  exper=se	
  –	
  co-­‐factor)	
  
-­‐	
  Condi=on	
  order	
  counterbalanced	
  
-­‐	
  All	
  subjects	
  get	
  accommoda=on	
  training	
  in	
  Condi=on	
  1,	
  pre-­‐experiment	
  
-­‐	
  Scenarios:	
  Wind	
  sheer	
  onsets	
  (randomized)	
  at	
  19	
  seconds	
  
-­‐	
  Scenario	
  termina=on:	
  When	
  subjects	
  restore	
  level	
  flight	
  at	
  specified	
  al=tude	
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Red	
  –	
  Envelopes	
  
(hard	
  and	
  soX)	
  
	
  
Green	
  –	
  Pilot	
  
command	
  
	
  
Blue	
  –	
  AircraX	
  
state	
  
	
  
Variable:	
  
	
  	
  SIDESLIP	
  
	
  
ONE	
  SUBJECT	
  
	
  
ORDER:	
  3,1,2	
  
	
  

	
  
	
  
	
  





 Thank you for your attention 
 

   kirlik@illinois.edu 


