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Steerable	  needles	  are	  able	  to	  reach	  
targets	  while	  avoiding	  obstacles	  in	  <ssue	  via	  
curved	  paths.	  Needles	  steer	  due	  asymmetric	  
<p	  forces	  during	  	  
inser<on	  and	  	  
rota<on.	  	  
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Teleopera(on	  of	  steerable	  needles	  
allows	  the	  surgeon	  to	  stay	  in	  the	  needle	  
control	  loop;	  however,	  an	  effec<ve,	  intui<ve	  
teleopera<on	  	  
algorithm	  is	  	  
important.	  
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Future	  Research	  Direc(on:	  Intui(ve	  Control	  of	  Arbitrary	  Dynamic	  Systems	  
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Aim	  1:	  What	  is	  ‘intui(ve?’	  	  
Benchmark	  EEG,	  heart	  rate,	  and	  
skin	  galvanic	  response	  to	  measure	  
‘intui<veness’	  in	  comparison	  with	  
quan<ta<ve	  performance	  metrics	  
(e.g.	  target	  error,	  movement	  <me).	  
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Aim	  3:	  Op(mal	  Control	  Using	  the	  
models	  developed,	  formulate	  an	  op<miza<on	  
problem	  to	  solve	  for	  op<mal	  human	  control	  
policies	  for	  arbitrary	  dynamic	  systems.	  Validate	  
results	  with	  ‘intui<veness’	  measures.	  	  

Aim	  2:	  Modeling	  Man	  and	  Machine	  
Develop	  models	  rela<ng	  robot	  kinema<cs	  and	  
dynamics,	  user	  inputs,	  and	  hap<c	  feedback	  
through	  extensive	  human	  subject	  experiments.	  	  	  
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Can	  this	  lead	  to	  beRer	  	  
design	  of	  human-‐in-‐the-‐loop	  CPS	  for	  	  

surgery,	  rehabilita(on,	  or	  transporta(on?	  

For	  an	  arbitrary	  dynamic	  	  
system,	  can	  we	  iden(fy	  the	  

	  most	  intui(ve	  way	  to	  control	  it?	  

Effec(ve	  and	  intui(ve	  control	  
interfaces	  are	  important	  	  
for	  clinical	  adop(on	  of	  	  

medical	  CPS.	  
	  

Improved	  performance	  and	  user	  
confidence	  should	  be	  considered.	  

Medical	  CPS	  for	  Steerable	  Needle	  Inser(on	  

Preliminary	  EEG	  experiments	  with	  3D	  Needle	  Steering	  using	  the	  B-‐Alert	  Wireless	  EEG	  System	  

Objec(ve:	  Evaluate	  user	  performance	  for	  
steering	  needles	  in	  joint	  space	  (e.g.	  inser<on	  
and	  spin	  inputs)	  and	  Cartesian	  space	  (e.g.	  
desired	  needle	  <p	  posi<on	  input).	  
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Joint	  space	  
control	  can	  be	  
difficult	  due	  to	  	  
errors	  in	  
es9ma9ng	  
needle	  
kinema9cs.	   RESULTS	  
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