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Coverage	
  problem	
  in	
  wireless	
  sensor	
  networks	


•  Wireless	
  sensor	
  networks	
  (WSNs)	
  

– Wide	
  range	
  of	
  applica<ons	
  
	
  e.g.	
  surveillance,	
  environment	
  monitoring	
  and	
  health	
  care	
  

– Many	
  sensor	
  nodes	
  (thousands	
  ~	
  tens	
  of	
  thousands)	
  
–  Limited	
  ba;ery	
  

•  Coverage	
  problem	
  

–  Guaranteeing	
  the	
  target	
  region	
  are	
  monitored	
  
–  Prolonging	
  the	
  life<me	
  of	
  WSNs	
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Exis<ng	
  coverage	
  control	
  proposals	
  

•  Es<ma<on	
  of	
  a	
  degree	
  of	
  coverage	
  inside	
  a	
  sensor	
  node’s	
  
sensing	
  area	
  with	
  a	
  geometric	
  algorithm	
  

•  Selec<on	
  of	
  sensor	
  node’s	
  state,	
  i.e.	
  ac<ve	
  or	
  sleep,	
  based	
  on	
  	
  
the	
  degree	
  of	
  coverage	
  inside	
  its	
  sensing	
  area	
  

•  Unrealis<c	
  assump<on	
  

‒  Accurate	
  loca<on	
  
–  Circular	
  sensing	
  area	
  

•  High	
  overhead	
  
–  Exchanging	
  informa<on	
  	
  
required	
  for	
  the	
  algorithm	
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Reduced	
  life	
  <me	
  of	
  WSNs	
  

Decrease	
  of	
  performance	
  
suffering	
  from	
  error	
  	
  
(e.g.	
  short	
  coverage	
  and	
  
redundant	
  ac<ve	
  nodes)	
  	
  

Advanced	
  Network	
  Architecture	
  Research	
  Group	


CCP	
  (Coverage	
  Configura<on	
  Protocol)[3]	
  

•  For	
  1-­‐Coverage,	
  all	
  intersec<on	
  points	
  between	
  any	
  sensor	
  
nodes’	
  sensing	
  area	
  are	
  covered	
  by	
  at	
  least	
  1	
  sensor	
  node.	
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Sensing	
  area	
  with	
  
localiza<on	
  error	


A	
 A	


B	


C	
 C	


B	


Short	
  coverage	


Waking	
  up	
  instead	
  
of	
  sleeping	
  	


Enough	
  coverage	


Maintain	
  sleeping	


[3]	
  X.	
  Wang,	
  G.	
  Xing,	
  Y.	
  Zhang,	
  C.	
  Lu,	
  R.	
  Pless,	
  and	
  C.	
  Gill,	
  “Integrated	
  coverage	
  
and	
  connec<vity	
  configura<on	
  in	
  wireless	
  sensor	
  networks,”	
  in	
  Proceedings	
  of	
  
ACM	
  SenSys,	
  pp.	
  33–72,	
  August	
  2003.	


Localiza<on	
  error	
  causes	
  sensor	
  	
  
node’s	
  wrong	
  state	
  selec<on.	
  

1	
  

2	
  	
  

3	
  

SLEEP	

ACTIVE	
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Research	
  objec<ves	


•  Error-­‐tolerant	
  and	
  low-­‐overhead	
  coverage	
  control	
  method	
  

–  Nonuse	
  of	
  informa<on	
  of	
  error-­‐prone	
  neighboring	
  nodes	
  
(e.g.	
  loca<on	
  and	
  shape	
  of	
  sensing	
  area)	
  

–  A	
  small	
  number	
  of	
  message	
  transmissions	
  

⇒ Applica<on	
  of	
  creature’s	
  autonomous	
  state	
  selec<on	
  
mechanism	
  to	
  sensor	
  node’s	
  autonomous	
  state	
  selec<on	
  

•  Target	
  applica<on	
  
–  Periodic	
  monitoring	
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E.coli	
  (Escherichia	
  coli)	
  
Excerpt	
  from	
  h;p://www.niaid.nih.gov/
SiteCollec<onImages/topics/biodefenserelated/
e_coli.jpg	
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A;ractor	
  selec<on	
  model	
  for	
  coverage	
  control	


•  E.coli’s	
  adap<ve	
  behavior	
  to	
  dynamically	
  changing	
  environment	


IntelNet2010	
 6	
10.6.30	
 IntelNet2010	
 6	


:	
  Poten<al	
  func<on	
  
:	
  Goodness	
  of	
  the	
  state	
  (ac<vity)	
  
:	
  Gaussian	
  noise	
  

:	
  State	
  

Changing	
  environment	
  
(decrease	
  of	
  α)	


Coming	
  close	
  to	
  	
  
appropriate	
  state	
  
(increase	
  of	
  α)	


or	


Ac#vity	
 A(ractor	
  A	
 A(ractor	
  B	


E.coli	
 Growth	
  rate	
 Folic	
  acid	
 Glutamine	


Coverage	
 Goodness	
  of	
  coverage	
  condi<on	
 Ac<ve	
 Sleep	


A;ractor	
  B	
A;ractor	
  A	


  

€ 

d
dt
 x = f (  x ) × α +

 
η 

Poten<al	
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Ac<vity	
  for	
  coverage	
  control	


•  Ac<vity	
  α	
  is	
  defined	
  as	
  goodness	
  of	
  coverage	
  condi<on.	
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ACTIVE	
 SLEEP	
  

High	
  ac<vity	
 Low	
  ac<vity	


Good	
  coverage	
 Short	
  coverage	
 Redundant	
  coverage	
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1.  On	
  the	
  <ming	
  of	
  data	
  gathering,	
  
sink	
  node	
  collects	
  sensing	
  data	
  
periodically.	
  

2.  Sink	
  node	
  derives	
  and	
  
disseminates	
  the	
  ac<vity	
  
informa<on	
  (coverage	
  degree).	
  

3.  Sensor	
  node	
  evaluates	
  the	
  
a;ractor	
  selec<on	
  model	
  and	
  
determines	
  its	
  state.	
  

Overview	
  of	
  our	
  proposal	
  (1/4)	
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Sink	
  node	
  

ACTIVE	
  
SLEEP	
  
WAKEUP	
  :	
  Node	
  that	
  became	
  “ACTIVE”	
  	
  
from	
  “SLEEP”	
  and	
  does	
  not	
  have	
  sensing	
  data	
  	
  	
  

• 	
  Sensing	
  data	
  
• 	
  Informa<on	
  for	
  sink	
  node	
  to	
  
	
  	
  	
  	
  es<mate	
  degree	
  of	
  coverage	
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Overview	
  of	
  our	
  proposal	
  (2/4)	
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Sink	
  node	
  

ACTIVE	
  
SLEEP	
  
WAKEUP	
  :	
  Node	
  that	
  became	
  “ACTIVE”	
  	
  
from	
  “SLEEP”	
  and	
  does	
  not	
  have	
  sensing	
  data	
  	
  	
  

1.  On	
  the	
  <ming	
  of	
  data	
  gathering,	
  
sink	
  node	
  collects	
  sensing	
  data	
  
periodically.	
  

2.  Sink	
  node	
  derives	
  and	
  
disseminates	
  the	
  ac<vity	
  
informa<on	
  (coverage	
  degree).	
  

3.  Sensor	
  node	
  evaluates	
  the	
  
a;ractor	
  selec<on	
  model	
  and	
  
determines	
  its	
  state.	
  Ac<vity	
  α	
   
(coverage	
  degree)	
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Overview	
  of	
  our	
  proposal	
  (3/4)	
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Sink	
  node	
  

ACTIVE	
  
SLEEP	
  
WAKEUP	
  :	
  Node	
  that	
  became	
  “ACTIVE”	
  	
  
from	
  “SLEEP”	
  and	
  does	
  not	
  have	
  sensing	
  data	
  	
  	
  

1.  On	
  the	
  <ming	
  of	
  data	
  gathering,	
  
sink	
  node	
  collects	
  sensing	
  data	
  
periodically.	
  

2.  Sink	
  node	
  derives	
  and	
  
disseminates	
  the	
  ac<vity	
  
informa<on	
  (coverage	
  degree).	
  

3.  Sensor	
  node	
  evaluates	
  the	
  
a;ractor	
  selec<on	
  model	
  and	
  
determines	
  its	
  state.	
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•  For	
  fine-­‐grained	
  control,	
  a	
  sink	
  node	
  derives	
  ac<vity	
  per	
  sub-­‐area	
  
and	
  sensor	
  nodes	
  use	
  ac<vity	
  of	
  a	
  sub-­‐area	
  where	
  they	
  consider	
  
to	
  be	
  located.	
  

–  A	
  change	
  of	
  node	
  state	
  directly	
  influences	
  “Area	
  ac<vity”	
  
more	
  than	
  “Global	
  ac<vity”.	
  

–  Nodes	
  with	
  localiza<on	
  error	
  may	
  use	
  an	
  area	
  ac<vity	
  of	
  
wrong	
  sub-­‐area.	
  

Overview	
  of	
  our	
  proposal	
  (4/4)	
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Divide	
  the	
  region	
  
into	
  some	
  sub-­‐areas	
  	


Global	
  ac<vity	
 Area	
  ac<vity	


Localiza<on	
  error	
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Simula<on	
  evalua<on	


•  Examina<on	
  of	
  our	
  proposal’s	
  localiza<on	
  error	
  tolerance	
  and	
  	
  
low	
  overhead	
  through	
  comparison	
  with	
  CCP	
  

•  Loca<on	
  error	
  uniformly	
  distributed	
  between	
  –u	
  [m]	
  and	
  +u [m]	
  
•  10,000	
  nodes	
  randomly	
  deployed	
  in	
  500	
  ×	
  500	
  [m2]	
  

•  Global	
  ac<vity	
  and	
  area	
  ac<vity	
  :	
  400	
  sub-­‐areas	
  of	
  25	
  ×	
  25	
  [m2]	
  
•  Gathering	
  sensing	
  data	
  every	
  10	
  [s]	
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Sensing	
  area	
  (radius	
  of	
  circle)	
 Communica#on	
  range	


Our	
  proposal	
 10	
  [m]	
  
large	
  enough	
  to	
  	
  
keep	
  connec<vity	
  

CCP	
 10	
  [m]	
   20	
  [m]	
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Simula<on	
  result	
  (sensing	
  ra<o)	


•  Sensing	
  ra<o	
  
–  The	
  degree	
  of	
  coverage	
  over	
  the	
  whole	
  region	
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The	
  global	
  ac<vity-­‐based	
  control	
  keeps	
  its	
  coverage	
  
against	
  different	
  degree	
  of	
  localiza<on	
  error.	
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Simula<on	
  result	
  (contribu<on	
  ra<o)	


•  Contribu<on	
  ra<o	
  
–  The	
  average	
  area	
  that	
  an	
  ac<ve	
  node	
  contributes	
  to	
  coverage	
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When	
  localiza<on	
  error	
  is	
  large,	
  	
  
our	
  proposal	
  is	
  more	
  efficient	
  than	
  CCP.	
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Simula<on	
  result	
  (overhead)	


•  Overhead	
  	
  
–  The	
  total	
  number	
  of	
  transmi;ed	
  messages	
  

10.6.30	
  	
 IntelNet2010	
 15	


Our	
  proposal’s	
  overhead	
  is	
  less	
  than	
  CCP.	
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Conclusion	
  and	
  future	
  work	


•  Conclusion	
  
–  Propose	
  bio-­‐inspired	
  coverage	
  control	
  method	
  for	
  WSNs	
  
–  Confirm	
  the	
  error	
  tolerance	
  and	
  low	
  overhead	
  

•  Future	
  work	
  
–  Improve	
  performance	
  by	
  introduc<on	
  of	
  other	
  ac<vity’s	
  
defini<on	
  

–  Evaluate	
  energy	
  consump<on	
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Thank	
  you	
  for	
  your	
  a;en<on.	
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