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Context:	  Smart	  home	  for	  elderly	  
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Gateway	  

Wifi	  Bluetooth	  WSN/ZigBee	  KNX	  

TRIO	  internal	  projects:	  
-‐  QoS	  for	  WSN	  
-‐  MPIGate	  
	  
INRIA	  PAL	  project	  and	  
sooner	  ADT	  PERCEE	  
	  
LORIA	  Smart	  home	  project	  
(CPER	  Lorraine)	  



LORIA	  smart	  apartment	  for	  
concept	  and	  technology	  validaTon	  
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Main	  R&D	  topics	  and	  our	  
approaches	  

•  Interoperability	  of	  heterogeneous	  
communicaTon	  protocols	  
– A	  communicaTon	  gateway	  

•  Easy	  data	  access	  
– A	  middleware-‐based	  interface	  over	  gateway	  

•  QoS	  support	  (in	  both	  WSN	  and	  the	  whole	  heterogeneous	  
network)	  

– QoS	  mechanisms	  in	  WSN	  (IEEE802.15.4/Zigbee)	  
– QoS	  management	  at	  the	  gateway/middleware	  
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gateway/	  
Server	  

Wifi	  Bluetooth	  ZigBee	  KNX	  

AcTmetry	  

Ethernet	   KNX	  

ConfiguraTon	   Request/Read	  

ApplicaTons	  (e.g.	  acTmetry)	  

Wifi	   Bluetooth	   ZigBee	  

	  MulT-‐sensors	  
Fusion	  

Request/Read	  

BD	  

Data	  collecTon	  

Protocol	  abstracTon	  	  
(KNX	  –	  ZigBee	  –	  Bluetooth	  –	  Wifi	  –	  

Ethernet)	  

ConfiguraTon	  interface	   User	  interface	  

AbstracTon	  

Data	  
processing	  

Query	  manager	  

MPIGate:	  	  
MulT	  Protocol	  Interface	  and	  Gateway	  	  
for	  Tele-‐homecare,	  Environment	  Monitoring	  and	  
Control	  
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MPIGate	  -‐	  Components	  

•  ConfiguraLon	  manager:	  is	  an	  interface	  to	  configure	  different	  parameters	  of	  the	  

system.	  	  By	  using	  this	  interface	  one	  can	  provide	  and	  modify	  necessary	  informaTon	  

to	  process	  the	  data	  in	  “Data	  processing	  layer”.	  

•  User	  interface:	  provide	  a	  graphical	  user	  interface	  for	  the	  user	  to	  visualize	  the	  state	  

of	  each	  sensor	  and	  actuator,	  their	  historical	  informaTon	  and	  the	  reports	  generated	  

by	  the	  system.	  

•  AbstracLon:	  this	  layer	  hides	  the	  heterogeneity	  of	  the	  system	  for	  the	  users,	  by	  

providing	  communicaTon	  faciliTes	  between	  the	  interface	  layer	  and	  the	  other	  parts	  

of	  system.	  The	  user	  doesn’t	  need	  any	  prior	  knowledge	  of	  the	  protocols	  behind	  the	  

system.	  



MPIGate	  -‐	  Components	  

•  Data	  processing:	  	  this	  layer	  is	  the	  main	  part	  of	  the	  system.	  It	  process	  the	  

informaTon	  collected	  from	  the	  network	  and	  save	  the	  results	  in	  the	  data	  base.	  

•  Query	  manager:	  receives	  the	  query	  from	  user	  interface,	  create	  the	  query	  and	  

sends	  them	  to	  the	  network.	  The	  query	  might	  be	  a	  command	  to	  control	  an	  actuator	  

or	  a	  request	  to	  read	  a	  sensor	  data.	  

•  Protocol	  abstracLon:	  provides	  necessary	  informaTon	  about	  each	  communicaTon	  

protocol	  used	  in	  the	  network.	  

•  Data	  collecLon:	  collects	  the	  data	  from	  the	  network	  and	  send	  them	  to	  the	  data	  

processing	  layer.	  
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QoS	  requirements	  

•  QoS	  at	  gateway	  
– Service	  differenTaTon	  
– For	  Tme-‐constrained	  data	  exchanges	  (e.g.	  sensor-‐
network-‐robot	  loops,	  home	  automaTon	  control,	  
alarms,	  …)	  
•  E2E	  delay	  specificaTon	  and	  verificaTon	  
•  Time	  consistency	  for	  mulT-‐sensor	  data	  

•  QoS	  at	  WSN	  
– Reliability	  and	  E2E	  delay	  under	  stringent	  power	  
constraint	  
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QoS	  in	  WSN	  

•  QoS-‐aware	  MAC	  protocols	  for	  low	  power	  WSN	  
•  MulT-‐hop	  WSN	  for	  increasing	  transmission	  
reliability	  (even	  for	  in	  door	  applicaTons)	  

•  QoS-‐aware	  and	  energy-‐aware	  rouTng	  
protocols	  
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Example	  of	  CoSens	  over	  IEEE802.15.4,	  	  
an	  auto-‐adapTve	  QoS	  mechanism	  
(PhD	  work	  of	  B.	  Nefzi,	  LORIA	  –	  INPL)	  



CoSens	  principle	  

•  CSMA/CA	  is	  a	  widely	  spread	  MAC	  protocol	  
(used	  in	  IEEE802.11x	  and	  15.4)	  

•  Bad	  performance	  under	  heavy	  load	  
•  CoSens	  (Collect	  and	  Send	  Burst)	  scheme	  
–  improves	  the	  performance	  of	  CSMA/CA	  
–  resolves	  the	  problem	  of	  scheduling	  difficulty	  
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CoSens	  Principle	  
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Architecture	  2-‐Ters:	  
simple	  nodes	  and	  
routers	  
	  
Router	  working	  cycle:	  
WP	  +	  TP	  
	  
Dynamic	  WP	  adjusTng	  
according	  to	  the	  on-‐
line	  traffic	  esTmaTon	  
algorithm	  (sliding	  
exponenTal	  average)	  



CoSens	  principle	  
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D

S1	  

S2	  

S3	  

R	  

P1	   P2	   P1	   P2	   P3	   P4	   P4	   P3	   P5	   P3	   P5	   P3	  
Tme	  

TP	  WP	   WP	  

Ajustement	  of	  WP	  

TP	  

Ajustement	  of	  WP	  

WP	   WP	  

Ajustement	  of	  WP	  

TP	  

Resolve	  the	  problem	  of	  	  
scheduling	  difficulty	  	  



Cosens	  performance	  
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E2E	  delay	  vs.	  load	   Tx	  success	  rate	  



Concluding	  remarks	  

•  WSN	  represents	  a	  promising	  technology	  for	  smart	  
homes	  but	  reliability	  and	  QoS	  remain	  to	  be	  enforced.	  

•  STll	  very	  limited	  IEEE802.15.4/Zigbee	  devices	  
•  Several	  wireless	  protocols	  co-‐exist	  for	  sTll	  long	  Tme	  
à	  need	  of	  gateway	  soluTons	  

•  From	  AAL	  applicaTon	  point	  of	  view,	  it	  lacks	  an	  open	  
development	  planorm	  (see	  UniversAAL	  efforts)	  

•  WSN	  Tghtly	  interacTng	  with	  mobile	  robots	  calls	  for	  
further	  research	  efforts	  
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Thank	  you	  for	  your	  auenTon!	  
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