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What	
  is	
  Edge	
  Mining?

• Processing	
  of	
  sensory	
  data	
  near	
  or	
  at	
  the	
  point	
  at	
  which	
  it	
  is	
  sensed
• In	
  order	
  to	
  convert	
  it	
  from	
  a	
  raw	
  signal	
  to	
  contextually	
  relevant	
  
information
• To	
  reduce	
  energy	
  usage,	
  remote	
  storage	
  requirement	
  and	
  risk	
  in	
  
personal	
  privacy.



Why	
  Edge	
  Mining

• Many	
  IoT scenarios	
  are	
  based	
  on	
  Wireless	
  Sensor	
  Networks	
  (WSN).
• Devices	
  that	
  are	
  used	
  to	
  sense	
  and	
  send	
  data	
  wirelessly	
  are	
  resource	
  
constrained.
• Connections	
  of	
  the	
  devices	
  are	
  bandwidth	
  limited.

• Cost	
  – energy,	
  infrastructure,	
  communication,	
  storage
• Analytics	
  – automatic	
  interpretation



The	
  Idea	
  of	
  Edge	
  Mining

Raw	
  signal	
  -­‐>	
  meaningful	
   forms

Decides	
  whether	
  the	
  change	
  in	
  
state	
  is	
  significant



Three	
  Edge	
  Mining	
  Algorithms

• L-­‐SIP,	
  Linear	
  Spanish	
  Inquisition	
  Protocol
• ClassAct
• BN,	
  Bare	
  Necessities

• Reducing	
  sensing	
  messages
• Conceptually	
  simple	
  to	
  implement
• Based	
  on	
  a	
  general	
  edge	
  mining	
  algorithm,	
  G-­‐SIP



Efficient	
  Energy	
  Resource	
  Utilization

• Traditionally,	
  the	
  focus	
  is	
  exploiting	
  internode	
  communication,	
  in-­‐
network	
  intelligence	
  building,	
  hardware	
  optimization	
  and	
  energy	
  
management.
• However,	
  collaborative	
  WSNs	
  are	
  unusual	
  in	
  real-­‐life	
  systems.

• Central	
  to	
  the	
  concept	
  of	
  edge	
  mining:
• The	
  better	
  the	
  information	
  requirements	
  of	
  a	
  given	
  application	
  are	
  
understood,	
  the	
  greater	
  the	
  potential	
  to	
  reduce	
  the	
  raw	
  signal
• Saving	
  packets	
  rather	
  than	
  bits



General	
  SIP	
  (Spanish	
  Inquisition	
  Protocol)

• A	
  node	
  only	
  transmits	
  that	
  which	
  the	
  receiver	
  does	
  not	
  expect.



Linear	
  SIP

• It	
  encodes	
  the	
  state	
  as	
  a	
  point	
  in	
  time	
  value	
  and	
  rate	
  of	
  change	
  x	
  =	
  
(x,x ̇)T	
  



Evaluation	
  of	
  L-­‐SIP

• Message	
  Reduction
• Energy	
  Reduction
• Network	
  and	
  Database	
  Effects

• L-­‐SIP	
  is	
  useful	
  for	
  data	
  transmission	
  
reduction	
  where	
  the	
  application	
  
requires	
  that	
  the	
  raw	
  data	
  stream	
  be	
  
reconstructable in	
  the	
  future.	
  (e.g.,	
  
environment	
  sensors,	
  at	
  low	
  
frequency)



Filtered	
  State	
  Classification	
  (ClassAct)

• ClassAct is	
  a	
  human	
  posture	
  /	
  activity	
  classifier	
  based	
  on	
  decision	
  
trees.	
  
• Similar	
  to	
  L-­‐SIP,	
  it	
  transforms	
  a	
  raw	
  signal	
  into	
  a	
  representation	
  of	
  the	
  
state.
• Different	
  to	
  L-­‐SIP,	
  it	
  is	
  not	
  possible	
  to	
  reconstruct	
  the	
  original	
  signal.
• ClassAct estimates	
  the	
  state	
  through	
  decision-­‐tree	
  recognition	
  of	
  
posture	
  
• A	
  voting	
  filter	
  is	
  required	
  and	
  so	
  the	
  state	
  is	
  stored	
  as	
  a	
  probability	
  
distribution	
  over	
  the	
  set	
  of	
  postures	
  



Evaluation	
  of	
  ClassAct

• Message	
  Reduction
• 5182	
  classification	
  packets	
  were	
  sent	
  across	
  a	
  total	
  of	
  9.6	
  hours	
  of	
  
trials	
  (343,140	
  packets	
  of	
  raw	
  data)	
  

• ClassAct is	
  an	
  instantiation	
  of	
  G-­‐SIP	
  that	
  compresses	
  a	
  high	
  frequency	
  
signal	
  (accelerometer	
  data)	
  by	
  first	
  converting	
  it	
  to	
  an	
  application	
  
specific	
  form.	
  



Time-­‐Discounted	
  Histogram	
  Encoding	
  (BN)

• Bare	
  Necessities	
  (or	
  BN)	
  is	
  used	
  for	
  
summarising relative	
  time	
  spent	
  in	
  
given	
  states.	
  
• Useful	
  for	
  determining	
  how	
  long	
  is	
  
spent	
  in	
  a	
  certain	
  modality.	
  
• The	
  state	
  is	
  encoded	
  as	
  a	
  
distribution	
  over	
  bins.
• BN	
  weights	
  more	
  recent	
  
measurements	
  more	
  highly	
  than	
  
older	
  measurements	
  by	
  applying	
  a	
  
time	
  discount	
  factor	
  γ .



Evaluation	
  of	
  BN

• Message	
  Reduction

• Compared	
  to	
  L-­‐SIP	
  and	
  ClassAct,	
  BN	
  has	
  the	
  most	
  specific	
  
application	
  requirement.	
  
• Privacy	
  issues	
  can	
  be	
  subtle	
  



Conclusion

• This	
  paper	
  has	
  presented	
  edge	
  mining,	
  a	
  data-­‐driven	
  approach	
  that	
  
transforms	
  data	
  at	
  the	
  point	
  of	
  sensing	
  into	
  a	
  sparse	
  form	
  to	
  reduce	
  
packet	
  transmissions,	
  energy	
  use,	
  and	
  storage	
  space.	
  
• L-­‐SIP	
  applies	
  to	
  sensing	
  applications	
  where	
  it	
  is	
  desirable	
  to	
  
reconstruct	
  the	
  original	
  signal	
  within	
  some	
  error	
  bound.	
  
• ClassAct is	
  a	
  human	
  posture	
  recognition	
  approach	
  that	
  just	
  transmits	
  
or	
  stores	
  posture	
  and	
  the	
  timing	
  of	
  postural	
  changes	
  but	
  not	
  the	
  
original	
  accelerometer	
  signal.	
  
• BN	
  discards	
  even	
  timing	
  and	
  is	
  appropriate	
  where	
  only	
  a	
  summary	
  of	
  
relative	
  time	
  spent	
  in	
  different	
  states	
  is	
  needed.	
  


