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Various	  types	  of	  sensors	  

•  Accelerometer	  
•  Gyroscope	  
•  Magne<c	  field	  
•  Light	  
•  Proximity	  
•  Temperature	  
•  Pressure	  
•  Humidity	  



Accelerometer	  

•  Impact	  of	  force	  applied	  to	  the	  device	  
– F	  =	  m	  *	  a	  

•  Units:	  m/s^2	  

•  When	  device	  is	  sta<onary,	  we	  get	  +1g	  in	  one	  
axis	  

•  Can	  give	  you	  device	  orienta<on	  



How	  about	  displacement?	  

•  u	  =	  a	  *	  t	  
•  s	  =	  u0	  *	  t	  +	  ½	  a	  *	  t^2	  

•  Dead	  reckoning	  

•  Does	  this	  work?	  
– Some<mes,	  but	  can	  be	  inaccurate	  since	  a	  is	  not	  
always	  as	  accurate	  



Gyroscope	  



Gyroscope	  

•  Unit:	  rad/s	  



Magnetometer	  

•  Hall	  effect	  measure	  of	  current	  to	  evaluate	  
magne<c	  field	  

•  Unit:	  Tesla	  (T)	  or	  uT	  



Light	  sensor	  

•  Usually	  located	  near	  the	  front-‐facing	  camera	  

•  Unit:	  Lux	  



Proximity	  sensor	  

•  Could	  measure	  distance	  from	  device	  in	  cm	  

•  Could	  be	  a	  binary	  output	  
– Something	  is	  close	  by	  or	  not	  

•  Some<mes	  uses	  the	  light	  sensor	  to	  infer	  this	  



Sensor	  framework	  

•  Implemented	  as	  a	  callback	  

•  SensorEventListener()	  

•  Can	  also	  indicate	  how	  frequent	  updates	  are	  
needed	  



Smoothing	  of	  data	  



Smoothing	  of	  data	  

•  Simple	  moving	  average	  



Smoothing	  of	  data	  

•  Weighted	  moving	  average	  



Smoothing	  data	  

•  Exponen<ally	  Weighted	  Moving	  Average	  
(EWMA)	  



Smoothing	  data	  

•  Exponen<ally	  Weighted	  Moving	  Average	  
(EWMA)	  



Dead	  reckoning	  

How	  to	  es<mate	  posi<on	  indoors	  using	  sensors?	  



Orient	  the	  phone	  



Put	  it	  Flat:	  Project	  Device	  Coordinates	  



Speed	  and	  Distance	  Es<ma<on	  

•  Speed	  es<ma<on:	  𝑣↓𝑖+1 = 𝑣↓𝑖 +   𝑎↓𝑖 𝑡↓𝑖 	  
•  Distance	  es<ma<on:	   𝑠↓𝑖 = 𝑣↓𝑖 𝑡↓𝑖 +   1/2 𝑎↓𝑖 
𝑡↓𝑖↑ ↑2 	  



Smoothing	  data	  

•  Exponen<ally	  Weighted	  Moving	  Average	  
(EWMA)	  



Here	  is	  a	  walk	  pa`ern	  

•  Android	  tablet	  in	  a	  cart	  
•  Fixed	  by	  tape	  
•  Tablet	  is	  flat	  

20	  steps	  

20	  steps	  



Accelerometer	  
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Alpha	  =	  0.8	  



Alpha	  =	  0.5	  



Alpha	  =	  0.2	  



Alpha	  =	  0.1	  



Alpha	  =	  0.1	  



Zoom	  in	  
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Gyroscope	  
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Step	  coun<ng	  


