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Mo-va-on	
  
	
  

•  Deploying	
  robots	
  in	
  public	
  areas	
  to	
  assist,	
  guide,	
  
and	
  escort	
  visitors	
  and	
  surveillance	
  

•  Visual	
  applica-ons	
  are	
  born:	
  
– Guidance	
  and	
  Personal	
  assistance	
  in	
  public	
  areas	
  

•  Shop	
  malls,	
  touris6c	
  sites,	
  airport,	
  train	
  sta6ons,	
  hospitals	
  
–  Surveillance	
  and	
  patrolling	
  in	
  coopera-ve	
  way	
  with	
  
interven-on	
  units	
  (firefighters,	
  police,	
  medical	
  units,	
  
and	
  tourist	
  office	
  staff,	
  …)	
  

•  Our	
  target	
  use	
  cases:	
  	
  
–  Caen	
  Rive	
  de	
  l’Orne	
  Shopping	
  Mall	
  in	
  coopera-on	
  
with	
  Caen	
  city	
  	
  



!

Architecture	
  of	
  the	
  system	
  



S&T	
  objec-ves	
  of	
  COACHES	
  
•  WP1:	
  Environment	
  modelling	
  and	
  Knowledge-­‐based	
  reasoning	
  

–  T11:	
  Knowledge-­‐based	
  environment	
  representa-on	
  
–  T12:	
  Commonsense	
  and	
  spa-o-­‐temporal	
  reasoning	
  

•  WP2:	
  Image	
  and	
  Video	
  processing	
  
–  T21:	
  Image	
  and	
  video	
  processing	
  
–  T22:	
  	
  Situa-on	
  awareness,	
  ac-vity	
  recogni-on	
  and	
  abnormal	
  events	
  

•  WP3:	
  Mul6-­‐modal	
  short-­‐terme	
  human-­‐robot	
  interac6on	
  	
  
–  T31:	
  mul--­‐modal	
  human-­‐robot	
  interface	
  From	
  robot	
  to	
  human	
  and	
  From	
  human	
  to	
  robot	
  
–  T32:	
  Human	
  needs	
  es-ma-on	
  and	
  informa-on	
  fusion	
  

•  WP4:	
  Mul6-­‐Robot	
  coopera6ve	
  planning	
  and	
  Robuste	
  Naviga6on	
  
–  T41:	
  Robust	
  and	
  safe	
  Naviga-on	
  in	
  populated	
  areas	
  
–  T42:	
  	
  Goal-­‐Based	
  Interac-on	
  Decentralized	
  Decision-­‐Making	
  for	
  Mul--­‐agent	
  Planning	
  

•  WP5:	
  SoP	
  and	
  hard	
  architecture,	
  use	
  cases	
  and	
  integra6on/valida6on	
  
–  T51:	
  ROS-­‐based	
  Architecture	
  
–  T52:	
  Use	
  cases	
  defini-on	
  
–  T53:	
  Setup	
  of	
  the	
  robots	
  
–  T54:	
  Demonstra-ons	
  
–  T55:	
  Performance	
  evalua-on	
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So[ware	
  and	
  data	
  flow	
  

	
  	
  



Percep-on-­‐Reasoning-­‐Planning	
  	
  

WP2:	Percep*on	

WP1	
KB	reasoning	

WP4	
MDP-based	planning	

PRUs-task Library 

Selected PRU List of goals 

Extracted features 

Computed policy π 

Petri-Net	execu7on	plan		

!

Naviga7on	 Assistant	



First	
  results	
  

•  Ability	
  to	
  	
  
–  navigate	
  in	
  a	
  crowdy	
  
environment	
  ;	
  

–  detect	
  people	
  ;	
  
–  	
  interact	
  with	
  them	
  ;	
  
–  And,	
  then	
  to	
  assist	
  them	
  

•  Deployment	
  in	
  	
  
–  A	
  shopping	
  mall	
  
–  A	
  center	
  of	
  congress	
  
–  A	
  hospital	
  
–  IAB	
  Forum,	
  	
  

!!



During	
  this	
  period	
  

•  Objec-ves	
  :	
  
– Extending	
  the	
  system	
  to	
  mul--­‐robots	
  
– Extending	
  percep-on	
  to	
  on-­‐board	
  cameras	
  

•  Face	
  detec-on	
  
•  People	
  detec-on	
  and	
  tracking	
  

– Developing	
  an	
  escort	
  method	
  
–  Improving	
  the	
  interac-on	
  interface	
  to	
  be	
  more	
  
simple	
  and	
  intui-ve	
  	
  



WP4	
  

	
  
•  T41:	
  Robust	
  Naviga6on	
  

(delivered	
  )	
  
•  T42:	
  Mul6-­‐robot	
  

architecture	
  and	
  planning	
  
–  Distributed	
  MDP	
  planning	
  

•  Augmented	
  MDPs	
  
–  Distributed	
  reasoning	
  :	
  
Mul6ple	
  	
  TEMP	
  KB	
  
reasoning	
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Challenges	
  

•  Each	
  local	
  KB	
  generates	
  next	
  goals	
  
•  Goals	
  should	
  be	
  communicated	
  
•  All	
  KB	
  should	
  be	
  synchronized	
  
•  Arrival	
  of	
  new	
  goals	
  

– Considered	
  according	
  to	
  the	
  level	
  of	
  
interrup6bility	
  of	
  the	
  robot	
  

– Robots	
  can	
  be	
  ac6ve	
  (accomplishing	
  a	
  goal)	
  or	
  
idle	
  to	
  consider	
  new	
  goals	
  

•  Set	
  of	
  goals	
  should	
  be	
  shared	
  between	
  robots	
  



Sharing	
  informa-on	
  and	
  goals	
  
and	
  planning	
  	
  

•  When	
  KB	
  are	
  synchronized	
  (goals	
  are	
  
communicated)	
  

•  Each	
  robot	
  computes	
  the	
  value	
  of	
  its	
  op-mal	
  
policy	
  to	
  accomplish	
  a	
  goal.	
  The	
  vector	
  of	
  
values	
  are	
  sent	
  to	
  all	
  robots.	
  

•  Each	
  robot	
  has	
  a	
  matrix	
  [Goals	
  x	
  Robots]	
  
expressing	
  the	
  value	
  of	
  accomplishing	
  a	
  goal	
  
by	
  a	
  robot.	
  

•  Augmented	
  MDP	
  planning	
  technique	
  



A	
  distributed	
  goal	
  sharing	
  algorithm	
  

A1	
  
	
  
A2	
  
	
  
A3	
  
	
  
	
  
	
  
Aj	
  
	
  
	
  
	
  
	
  
An	
  

G1 	
  G2 	
  G3 	
   	
  Gi 	
  
	
   	
   	
  Gk 	
  	
  

V11	
  
	
  
V21	
  
	
  
V31	
  
	
  
	
  
	
  
Vj1	
  
	
  
	
  
	
  
	
  
Vn1	
  

V12	
  
	
  
V22	
  
	
  
V32	
  
	
  
	
  
	
  
Vj2	
  
	
  
	
  
	
  
	
  
Vn2	
  

V13	
  
	
  
V23	
  
	
  
V33	
  
	
  
	
  
	
  
Vj3	
  
	
  
	
  
	
  
	
  
Vn3	
  

V1k	
  
	
  
V2k	
  
	
  
V3k	
  
	
  
	
  
	
  
Vjk	
  
	
  
	
  
	
  
	
  
Vnk	
  

Max	
  =	
  Vji=V2i	
  
Conflict	
  between	
  	
  
Agent	
  A2	
  and	
  	
  Aj	
  

Max	
  =	
  V33=V3k	
  	
  
Agent	
  A3	
  has	
  goals	
  
G3	
  and	
  Gk	
  as	
  the	
  
	
  most	
  Preferred	
  

V1i	
  
	
  
V2i	
  
	
  
V3i	
  
	
  
	
  
	
  
Vji	
  
	
  
	
  
	
  
	
  
Vni	
  

Unique	
  Max	
  for	
  Agent	
  An,	
  then	
  no	
  conflict,	
  
G2	
  is	
  allocated	
  to	
  and	
  the	
  corresponding	
  line	
  
and	
  column	
  are	
  removed	
  



KB	

DECISION	

EXEC	

WP2	

List	of	goals		
Generated	
	at	8me	t:	Gt	

Goal	G*	selected		
by	the	robot	

π(G*)	policy		

Goal	G*	of	the	robot		
sent	to	the	other	robots	

Goals	Gi*	accomplished	
by	the	other	robots	

Message	of	the	
	end	of	the		goal	G*		

Local	
  processing	
  



End	
  of	
  goal	
  accomplishment	
  
	
  message	
  sent	
  by	
  Exec	
  module	
  

goal	
  alloca6on	
  
	
  message	
  sent	
  by	
  	
  
DEC	
  module	
  

Level	
  of	
  interrup6bility	
  
	
  message	
  sent	
  by	
  	
  
EXEC	
  module	
  

Status	
  of	
  execu-on	
  



Escort	
  :	
  A	
  joint	
  ac-vity	
  	
  
	
  

•  Hierarchical	
  factored	
  decision	
  model	
  for	
  Escor-ng	
  



WP1	
  

•  T11:	
  Knowledge-­‐based	
  
representa6on	
  
–  First	
  version	
  with	
  Seman-c	
  and	
  
sta-c	
  (SEM)	
  and	
  
Commonsense	
  	
  (COM	
  
Knowledge	
  using	
  prolog-­‐like	
  
predicate	
  program	
  (M12,	
  
GREYC-­‐SU)	
  

–  New	
  version	
  with	
  temporary	
  
(TEMP)	
  under	
  development	
  by	
  
SU	
  (Due	
  by	
  M18)	
  

•  T12:	
  Commonsense	
  and	
  spa6al	
  
reasoning	
  
–  (due	
  by	
  M24)	
  

•  Sta6c	
  Knowldege	
  	
  on	
  the	
  environment	
  
is-­‐a(fastFood,restaurant).	
  	
  
instance-­‐of(mango,	
  womenDressShop).	
  
nearby(mango,	
  desigual).	
  
•  Temporary Knowledge on events 
goal(’secure',	
  L)	
  :-­‐	
  
unknownObject(X),	
  
at(X,	
  L).	
  
	
  
goal(‘escort’,	
  X)	
  :-­‐	
  
people(X),	
  
ask_escort(X).	
  
 
•  Temporary Knowledge on status 

robots and their goals 
status(idle), status(active) 
current_task(goal_id, Interruptibility_level) 
Activity(robot_id, goal_id) 
	
  

goal(‘assist’,	
  X):-­‐	
  
people(X),	
  
detected(X)	
  
	
  



WP2	
  

•  T21:	
  image/video	
  processing	
  
–  First	
  result	
  obtained	
  with	
  	
  

external	
  cameras	
  
–  On-­‐board	
  cameras	
  :	
  

•  Face	
  detec6on	
  
•  People	
  detec6on	
  and	
  tracking	
  

•  T22:	
  Event	
  detec6on	
  
–  Detec6on	
  and	
  tracking	
  for	
  

escort	
  	
  
–  Behavior	
  people	
  understanding	
  

•  People	
  approaching	
  
•  People	
  surrounding	
  the	
  robot	
  
•  People	
  going	
  away	
  

!



WP3	
  

•  T31:	
  Mul6-­‐modal	
  short-­‐term	
  human-­‐
robot	
  Interac6on	
  	
  
–  Developing	
  a	
  simple	
  language	
  
for	
  defining	
  interac6on	
  
template	
  

•  T32:	
  Human	
  needs	
  es6ma6on	
  
–  Es6ma6ng	
  the	
  behavior	
  
through	
  the	
  moving	
  

–  Dialogue	
  
	
  	
  

ask<whichActivity, {shop, restuarant}>  

ask<ComeFrom, “country”, GetCountries(Continent)  

state <ShowInfo, Country>  



WP5	
  

•  T51:	
  ROS	
  Architecture	
  
M3(Sapienza,	
  GREYC)	
  

•  T52:	
  Defini6on	
  of	
  use	
  
cases	
  M12	
  (GREYC)	
  
–  1.	
  Robot	
  adver-sing	
  and	
  

simple	
  interac-ons,	
  2.	
  
Extending	
  to	
  mul-ple	
  
robots;	
  3.	
  Complex	
  
dialogue	
  and	
  escort,	
  4.	
  
General	
  demo	
  

•  T53:	
  Setup	
  of	
  the	
  robots	
  
M14	
  (Sapienza)	
  

•  T54:	
  Mul6-­‐robot	
  demo	
  
on	
  June	
  2017,	
  M15	
  (All)	
  

•  T55:	
  	
  under	
  
development	
  



Next	
  Steps	
  

•  Behaviour	
  understanding:	
  	
  
– Moving	
  towards	
  the	
  robot	
  
– Moving	
  away	
  from	
  the	
  robot	
  
– Surrounding	
  the	
  robot	
  

•  More	
  robust	
  percep-on	
  
– 2D	
  detec-ng	
  and	
  tracking	
  for	
  escort	
  
–  Iden-fica-on/	
  Re-­‐iden-fica-on	
  

•  Demonstra-on	
  in	
  June	
  and	
  September	
  2017	
  
	
  



DELIVERABLES	
  



Mee-ng	
  



Publica-ons	
  
Published	
  :	
  2	
  journals	
  and	
  5	
  conference	
  papers	
  

1.  Valerio	
  Sanelli,	
  Michael	
  Cashmore,	
  Daniele	
  Magazzeni,	
  and	
  Luca	
  Iocchi.	
  
Short-­‐Term	
  Human	
  Robot	
  Interac-on	
  through	
  Condi-onal	
  Planning	
  and	
  Execu-on.	
  
In	
  Proc.	
  of	
  Interna5onal	
  Conference	
  on	
  Automated	
  Planning	
  and	
  Scheduling	
  (ICAPS)	
  2017	
  (to	
  appear).	
  

2.  Eugenio	
  Sebas-ani,	
  Raphaël	
  Lallement,	
  Rachid	
  Alami,	
  and	
  Luca	
  Iocchi.	
  Dealing	
  with	
  On-­‐line	
  Human-­‐Robot	
  
Nego-a-ons	
  in	
  Hierarchical	
  Agent-­‐based	
  Task	
  Planner.	
  
In	
  Proc.	
  of	
  Interna5onal	
  Conference	
  on	
  Automated	
  Planning	
  and	
  Scheduling	
  (ICAPS)	
  2017	
  (to	
  appear).	
  

3.  Fabio-­‐Valerio	
  Ferrari,	
  Laurent	
  Jeanpierre	
  and	
  Abdel-­‐Illah	
  Mouaddib,	
  	
  Flexible	
  POMDP	
  Framework	
  for	
  Human-­‐
Robot	
  Coopera-on	
  in	
  Escort	
  Tasks,	
  Interna-onal	
  Joint	
  Conference	
  on	
  Autonomous	
  Agents	
  and	
  Mul-Agent	
  
Systems	
  (AAMAS),	
  extended	
  abstract,	
  Sao	
  Palo,	
  Brazil,	
  May,	
  2017	
  

4.  Esra	
  Erdem,	
  Michael	
  Gelfond,	
  Nicola	
  Leone:,	
  Applica-ons	
  of	
  Answer	
  Set	
  Programming.	
  AI	
  Magazine	
  37(3):	
  
53-­‐68	
  (2016)	
  

5.  Esra	
  Erdem,	
  Volkan	
  Patoglu,	
  Peter	
  Schüller:,	
  A	
  systema-c	
  analysis	
  of	
  levels	
  of	
  integra-on	
  between	
  high-­‐level	
  
task	
  planning	
  and	
  low-­‐level	
  feasibility	
  checks.	
  AI	
  Commun.	
  29(2):	
  319-­‐349	
  (2016)	
  

6.  Ezgi	
  Demirel,	
  Kamil	
  Doruk	
  Gur,	
  Esra	
  Erdem:	
  Human-­‐Robot	
  Interac-on	
  in	
  a	
  Shopping	
  Mall:	
  A	
  CNL	
  Approach.	
  
CNL	
  2016:	
  111-­‐122	
  

7.  Esra	
  Erdem,	
  Volkan	
  Patoglu,	
  Zeynep	
  Gozen	
  Saribatur:	
  
Diagnos-c	
  Reasoning	
  for	
  Robo-cs	
  Using	
  Ac-on	
  Languages.	
  LPNMR	
  2015:	
  317-­‐331	
  

Submi9ed	
  :	
  2	
  conference	
  papers	
  
1.  Fabio-­‐Valerio	
  Ferrari,	
  Laurent	
  Jeanpierre	
  and	
  Abdel-­‐Illah	
  Mouaddib,	
  Mul--­‐level	
  POMDP	
  Framework	
  for	
  

Human-­‐Robot	
  joint	
  ac-vi-es,	
  (Under	
  submission),	
  2017	
  
2.  M.	
  T.	
  Làzaro,	
  F.	
  Montesan-,	
  A.	
  Vanzo,	
  L.	
  Iocchi	
  High-­‐level	
  Formaliza-on	
  and	
  Execu-on	
  of	
  Human-­‐Robot	
  

Mul--­‐Modal	
  Interac-ons.	
  (Under	
  submission),	
  2017	
  

	
  
	
  



So[ware	
  release	
  

•  SoPware	
  developed	
  during	
  the	
  project	
  and	
  released	
  
as	
  open-­‐source	
  	
  
–  thin_naviga6on	
  ROS	
  package:	
  localiza-on	
  and	
  naviga-on	
  
modules	
  for	
  dynamic	
  environments	
  developed	
  within	
  Task	
  
4.1	
  -­‐	
  hvps://bitbucket.org/ggrisew/thin_naviga-on	
  

–  PNPgen	
  library:	
  library	
  for	
  plan	
  genera-on	
  from	
  PRU	
  
domains	
  developed	
  within	
  Task	
  4.2	
  -­‐	
  
hvp://sites.google.com/a/dis.uniroma1.it/petri-­‐net-­‐plans/
pnp-­‐genera-on	
  

–  thin_mapper	
  ROS	
  package:	
  offline	
  2D	
  mapping	
  for	
  
dynamic	
  environments	
  developed	
  within	
  Task	
  2.1	
  -­‐	
  
hvps://bitbucket.org/ggrisew/thin_mapping	
  (upon	
  
request)	
  



Dissemina-on	
  	
  
•  Tourisme	
  numérique	
  at	
  centre	
  interna6onal	
  de	
  Deauville	
  (TN4)	
  (March	
  2016):	
  a	
  

plenary	
  talk	
  has	
  been	
  given	
  at	
  TN4	
  about	
  COACHES	
  and	
  tourism	
  
•  Les	
  assises	
  du	
  handicap,	
  Caen	
  (Novembre	
  2016),	
  organized	
  by	
  the	
  mayor	
  of	
  Caen	
  

city:	
  a	
  talk	
  has	
  been	
  given	
  on	
  COACHES	
  and	
  assistance	
  of	
  disable	
  people.	
  	
  
•  Les	
  journées	
  numérique	
  de	
  l’ANR	
  (Novembre	
  2016),	
  Paris:	
  Ethics	
  and	
  robo-cs	
  

session	
  where	
  COACHES	
  has	
  been	
  presented	
  and	
  the	
  ethical	
  issues	
  that	
  can	
  be	
  
faced	
  by	
  using	
  COACHES	
  robots	
  in	
  public	
  areas.	
  	
  

•  Maker-­‐Faire	
  (Rome,	
  Italy,	
  October	
  2016):	
  public	
  demonstra-on	
  of	
  robot	
  
interac-on	
  in	
  a	
  very	
  crowded	
  environment.	
  	
  

•  France	
  3	
  TV,	
  midi	
  en	
  france	
  show	
  (Cabourg,	
  France,	
  November	
  2016)	
  :	
  robot	
  
interacted	
  with	
  the	
  invited	
  people	
  to	
  the	
  show.	
  

•  RAI	
  TV	
  show	
  (Rome,	
  Italy,	
  October	
  2016):	
  dissemina-on	
  of	
  the	
  research	
  on	
  social	
  
robots	
  in	
  public	
  environments	
  on	
  the	
  na-onal	
  TV.	
  

•  IAB	
  Forum	
  (Milan,	
  Italy,	
  November	
  2016:	
  presenta-on	
  of	
  the	
  robot	
  and	
  of	
  the	
  
research	
  on	
  social	
  robo-cs	
  at	
  IAB	
  forum	
  

•  Coaches.greyc.fr	
  	
  the	
  web	
  site	
  of	
  the	
  project	
  is	
  maintained	
  and	
  up	
  to	
  date	
  with	
  new	
  
results	
  and	
  demonstra-on	
  (pictures,	
  video,	
  publica-ons,	
  …).	
  



Conclusions	
  

•  A	
  mul--­‐service	
  mul--­‐robot	
  system	
  and	
  
programmable	
  services;	
  

•  A	
  so[ware	
  for	
  service	
  mul--­‐robot	
  and	
  
independent	
  from	
  the	
  physical	
  playorms;	
  

•  Possible	
  deployments	
  in	
  different	
  
environments;	
  



Thank	
  you	
  


