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Simulations 	  
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POMDP	  System	  Execu4on	  

OPTIMIZE	  ENERGY	  	  
RESOURCES	  AT	  N95	  

•  Typical	  sensor	  networks:	  power	  minimized	  at	  nodes	  

•  We	  cannot	  use	  these	  methods	  since:	  

§  Heterogeneous	  sensors	  in	  energy	  use	  and	  detec4on	  capabili4es	  

§  Time-‐evolving	  physical	  ac7vity	  known	  through	  noisy	  observa7ons	  

§  Constrained	  energy	  budget	  of	  fusion	  center	  (vs.	  sensors)	  

Introduc4on	   System	  Overview	  &	  Characteris4cs	  

fusion	  center	  	  
(Nokia	  N95)	  

several	  sensors	  	  
(ACC,	  ECG,	  GSR)	  

ac4vity	  
detec4on	  

	  

•  Goal	   &	   Approach:	   energy–efficient	   ac7vity	  
detec7on	  
§  Cheap	   sensors	   on	   phone	   vs.	   network	   sensors	   (power-‐

saving	  strategy)	  
§  Mul7modal	   sensing	   (different	   sensor	   discrimina7on	  

capabili7es)	  
§  Minimize	  phone	  power	  consump7on	  

•  Wireless	  communica7on	  via	  Bluetooth	  

•  limited	  sensor	  network	  	  
	  	  	  	  	  life7me	  

Jovanov	  et	  al.	  Journal	  of	  NeuroEngineering	  and	  
Rehabilita4on	  2005	  

•  Stochas4c	  dynamical	  system	  
•  Op4mized	   behavior	   through	   sequen4al	  

decisions	  

unique	  
constraints	  

the	  KNOWME	  network	  

MDP	   Framework	   –	  
select	   transmiss ion	  
modes	   /	   s amp l i ng	  
rates	   /	   sensor	   subsets	  
[Chen07,	   Williams07,	  
Seyedi10]	  
	


POMDP	   Framework	   –	  
select	   sensor	   subsets	  
[Krishnamurthy07,	   A7a11,	  
Fuemmeler11]	  

Hierarchical	  structure	  /	  
n o d e	   c l u s t e r i n g	  
[Balasubramanian04,	  
Cao05,	  Du`a05]	  

CMDP	  Framework	  –	  select	  	  
sensor	   sampling	   policy
[Wang10]	  

Smart	   feature	   Selec7on	  
+	   Bayesian	   sta7s7cs	  
[Zappi08,	  Wang11]	  	  

	  	  	  

state	  
switches	  

sensors	  
sensing	  

state	  
detector	  

belief	  state	  
update	  sensors	  selec4on	  

Decision	  Process	  

interac4on	  
between	  system	  
components	  

ac4vity	  performed	  at	  4me	  k	  

control	  input	  at	  4me	  k	  

K	  –	  tuple	  
	  
	  
	  
	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ,	  where	  N	  is	  fixed	  
	  

#	  sensors	  in	  the	  network	  

Op4miza4on	  Problem	  

Methodology	  

Measurement	  vector	  at	  4me	  k	  

N1	   N2	   N3	   NK-‐1	   NK	  

AR(1)	  mul4variate	  Gaussian	  model	  	  

N1	  x	  1	  

block-‐diagonal	  

sensors	  independent	  
N1	  x	  N1	  

When	   no	   samples	  
are	  selected,	  no	  	  
is	  generated	  
	  

Belief	  space	  
•  Some	  samples	  selected:	  

•  No	  samples	  selected:	  	  

G.	  Thaee	  et	  al.,	  IEEE	  Transac4ons	  on	  Signal	  Processing,	  April	  2011	  

belief	  state	  at	  4me	  k+1	  

observa4on	  
at	  4me	  k	  

•  Wireless	   Body	   Area	   Networks	   (WBANs)	   =	  
sensor	  networks	  with,	  
§  on-‐body	  heterogeneous	  sensors	  
§  fusion	  center	  (a	  personal	  device)	  

•  Biometric	   sensors:	   ECG,	   accelerometers,	  
oxygen,	  insulin,	  GSR,	  etc.	  

	  

•  Applica7ons:	   health,	   military,	   sports,	  
emergency	  response	  

	  

•  Challenges:	  
§  (New	  sensors)	  	  
§  Reliability,	  real-‐7me	  opera7on	  
§  Security,	  Privacy,	  User-‐friendliness	  	  
§  POWER	  CONSERVATION	  
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•  Es7mated	  ac7vity	  
at	   7me	   k	   based	  
on	  

•  Erasure	   va lue	  
when	  no	   samples	  
selected	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Cost	  func7on	  

•  Total	  cost:	  

•  Par7ally	  observable,	  stochas7c	  control	  problem	  

worst-‐case	  error	  probability	   normalized	  energy	  cost	  

•  Dynamic	  Programming	  (DP):	  

op4mal	  but	  with	  high	  complexity	  

•  Minimum	  Integrated	  Cost	  Time	  Sharing	  Sensor	  Selec4on	  (MIC-‐T3S):	  
§  Determine	  solu7on	  at	  corners	  of	  belief	  space	  via	  approximate	  DP	  
§  Solu7on	  at	  arbitrary	  belief	  state	  determined	  by	  7me-‐sharing	  as	  

subop4mal	  but	  with	  lower	  complexity	  

•  Energy-‐Efficient	   Maximal	   Belief	  
Approximate	  DP	  (E2MBADP)	  

•  Greedy	  Minimum	  Energy	  &	  Error	  
Probability	   Sensor	   Selec4on	  
(GME2PS2):	  

control	  that	  
minimizes	  

instantaneous	  
energy	  cost	  

different	  for	  each	  sensor	  
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Average	  Energy	  Cost	  

67%	  
66%	  (E2MBADP)	  
68%	  (GME2PS2)	  

•  Sensors:	  {ACC	  Mean,	  ACC	  
Variance,	  ECG	  Period}	  

•  Ac7vi7es:	   {Sit,	   Stand,	  
Run,	  Walk}	  

•  Horizon	  Length	  L	  =	  5	  
•  N	  

Framework	  

MIC-‐T3S	  performance	  when	  more	  emphasis	  is	  on	  minimizing	  energy	  consump4on	  

•  Significant	  energy	  gains	  

•  Sa4sfactory	   detec4on	  
accuracy	  

•  Few	  resources	  u4lized	  
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• D.-S. Zois, M. Levorato, and U. Mitra, 
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