
A"er	
  the	
  development	
  of	
  some	
  pioneering	
  projects	
  during	
  the	
  nine6es,	
  the	
  topic	
  of	
  underwater	
  manipula6on,	
  and	
  in	
  
par6cular	
  coopera6ve	
  manipula6on	
  and	
  transporta6on,	
  to	
  be	
  performed	
  under	
  floa6ng	
  condi6ons	
  and	
  within	
  different	
  
types	
  of	
  coopera6ve	
  forms,	
  is	
  now	
  receiving	
  an	
  increasing	
  a>en6on	
  by	
  part	
  of	
  the	
  research	
  community,	
  in	
  the	
  
perspec6ve	
  of	
  transferring	
  the	
  relevant	
  technologies	
  toward	
  different	
  underwater	
  interven6on	
  applica6ons,	
  of	
  both	
  
civil	
  and	
  commercial	
  types.	
  	
  In	
  this	
  perspec6ve	
  the	
  talk	
  will	
  provide	
  an	
  overview	
  of	
  the	
  control	
  and	
  coordina6on	
  
problem	
  which	
  as	
  been	
  afforded	
  by	
  ISME	
  (within	
  different	
  collabora6ve	
  projects	
  of	
  both	
  interna6onal	
  and	
  na6onal	
  
type).	
  	
  	
  Now	
  available	
  control	
  and	
  coordina6on	
  results,	
  near	
  to	
  be	
  transferred	
  toward	
  prac6cal	
  applica6ons,	
  will	
  be	
  
outlined;	
  then	
  followed	
  by	
  a	
  presenta6on	
  the	
  on-­‐going	
  research	
  ac6vi6es,	
  addressing	
  the	
  extension	
  of	
  coopera6ve	
  
control	
  methodologies	
  to	
  more	
  complex	
  underwater	
  interven6on	
  scenarios	
  foreseeable	
  for	
  the	
  near	
  future.	
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1-­‐Undock	
  from	
  the	
  pier	
  to	
  reach	
  the	
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  of	
  the	
  harbour	
  	
  	
  	
  	
  

2-­‐Search	
  for	
  the	
  submerged	
  item	
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  toward	
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4-­‐	
  Hover	
  in	
  the	
  proximity	
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  detected	
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5-­‐	
  Start	
  the	
  autonomous	
  manipula6on	
  
	
  	
  	
  	
  (hook	
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  recovery	
  tool	
  to	
  the	
  target,	
  cut	
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6-­‐	
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  during	
  manipula6on	
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  assembly	
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  Consequently	
  prone	
  	
  for	
  “Agility”	
  
	
  	
  	
  	
  	
  (concurrent	
  coordinated	
  Vehicle-­‐arm	
  mo6ons)	
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  mo6ons	
  were	
  however	
  used	
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  Based	
  approach	
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  Unified	
  	
  scalable	
  distributed	
  control	
  architecure	
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Single-­‐Arm	
  Floa=ng	
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1-­‐	
  	
  A	
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  control	
  framework	
  has	
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2-­‐	
  	
  Simula=on	
  experiments	
  have	
  been	
  successfull	
  	
  	
  	
  	
  

4-­‐	
  	
  Field	
  trials	
  at	
  pool	
  successfull	
  	
  	
  	
  	
  
5-­‐	
  	
  Field	
  trials	
  at	
  sea	
  successfull	
  	
  	
  	
  

Summary	
  of	
  achieved	
  results	
  	
  	
  	
  	
  	
  	
  

6-­‐	
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  related	
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Algorithmic	
  control	
  Framework:	
  
• 	
  Direct	
  extension	
  from	
  the	
  Single	
  arm	
  case	
  
• 	
  Embedding	
  Single	
  Arm	
  case	
  a	
  as	
  special	
  one	
  	
  	
  	
  	
  	
  

Addi=onal	
  aspects:	
  
•  The	
  vehicle	
  velocity	
  must	
  now	
  be	
  assigned	
  in	
  order	
  to	
  suitably	
  contribute	
  the	
  mo6ons	
  of	
  	
  
both	
  arms	
  	
  	
  



Dual-­‐arm	
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Algorithmic	
  control	
  Framework:	
  
• 	
  Direct	
  extension	
  from	
  Extension-­‐1	
  	
  
• 	
  Embedding	
  	
  Singel-­‐	
  arm	
  and	
  extension-­‐1	
  	
  as	
  special	
  cases	
  	
  	
  	
  	
  	
  

Addi=onal	
  aspects:	
  
•  The	
  grasping	
  constraints	
  must	
  be	
  guaranteed	
  fulfileld	
  all	
  6mes	
  
•  Object	
  stresses	
  shpould	
  be	
  avoided	
  or	
  minimized	
  	
  
•  The	
  vehicle	
  velocity	
  must	
  again	
  be	
  assigned	
  in	
  order	
  to	
  suitably	
  contribute	
  the	
  mo6ons	
  
of	
  	
  both	
  arms,	
  in	
  turn	
  consrained	
  by	
  the	
  grasped	
  object	
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Algorithmic	
  control	
  Framework:	
  
• 	
  Direct	
  extension	
  from	
  dual-­‐arm	
  previous	
  ones	
  
• 	
  But	
  largely	
  independent	
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  base	
  mo6on	
  
	
  	
  (assembly	
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Addi=onal	
  aspects:	
  
•  More	
  extensive	
  use	
  of	
  vision	
  (for	
  rela6vel	
  localiza6on	
  of	
  the	
  ma6ng	
  parts)	
  
•  More	
  extensive	
  use	
  of	
  force-­‐feedback	
  (for	
  driving	
  the	
  ma6ng	
  once	
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  contacts	
  have	
  
been	
  established	
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Algorithmic	
  control	
  Framework:	
  
• 	
  Stll	
  a	
  direct	
  extension	
  of	
  the	
  previous	
  
• 	
  Embedding	
  the	
  previous	
  as	
  special	
  cases	
  

Addi=onal	
  aspects:	
  
•  Grasping	
  constraints	
  must	
  be	
  guaranteed	
  fulfilleld	
  all	
  6mes	
  	
  
•  Object	
  stresses	
  to	
  be	
  avoided	
  or	
  minimized	
  
•  Mutual	
  	
  Localiza=on	
  is	
  needed	
  (at	
  least	
  for	
  avoiding	
  vehicles	
  collision)	
  
•  Some	
  control	
  parameters	
  have	
  to	
  be	
  shared	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Communica=on	
  	
  

•  Control	
  performances	
  to	
  be	
  tuned	
  with	
  the	
  MCIS	
  communica6on	
  bandwidt	
  
	
  	
  	
  	
  (lower	
  bandwidth-­‐slower	
  responces)	
  

•  An	
  op6mized	
  MCIS	
  Management	
  System	
  (MCIS-­‐MS),	
  maximally	
  guarante6ng	
  coordinated	
  
coopera6ve	
  control	
  performances,	
  needs	
  to	
  be	
  developed	
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