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Can	
  we	
  see	
  through	
  walls	
  with	
  
wireless	
  signals?	
  



WiTrack	
  behind	
  wall	
  



WiTrack	
  	
  

•  Cen#meter-­‐scale	
  mo#on	
  tracking	
  using	
  only	
  
radio	
  reflec#ons	
  off	
  the	
  human	
  body	
  

•  Works	
  behind	
  walls	
  and	
  does	
  not	
  require	
  
person	
  to	
  hold	
  any	
  device	
  



Applica@ons	
  
Gaming	
   Gesture	
  Control	
  

Elderly	
  Monitoring	
  First	
  Responders	
  



How	
  WiTrack	
  Works	
  



Measuring	
  Distances	
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  x	
  speed	
  of	
  light	
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Mul@-­‐GHz	
  samplers	
  are	
  expensive	
  and	
  
have	
  high	
  noise	
  è	
  Imprac@cal	
  for	
  our	
  app	
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Op#on1:	
  Transmit	
  short	
  pulse	
  and	
  listen	
  for	
  echo	
  

Capturing	
  the	
  pulse	
  needs	
  sub-­‐nanosecond	
  sampling	
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How	
  do	
  we	
  measure	
  ΔF?	
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Measuring	
  ΔF	
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ΔF	
  èReflec@on	
  Time	
  è	
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•  Subtrac@ng	
  frequencies	
  is	
  easy	
  (e.g.,	
  removing	
  carrier	
  in	
  
WiFi)	
  

•  Done	
  using	
  a	
  mixer	
  (low-­‐power;	
  cheap)	
  



Challenge:	
  Mul@pathè	
  Many	
  Reflec@ons	
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Mul@-­‐paths	
  mask	
  person	
  



Sta@c	
  objects	
  don’t	
  move	
  	
  
è	
  Eliminate	
  by	
  subtrac@ng	
  consecu@ve	
  measurements	
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Why	
  2	
  peaks	
  when	
  we	
  only	
  have	
  one	
  moving	
  

person?	
  



Dynamic	
  Mul@path	
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Dynamic	
  Mul@path	
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The	
  direct	
  reflec@on	
  arrives	
  before	
  dynamic	
  mul@path!	
  



Tx	
  Rx	
  

d	
  

From	
  Distances	
  to	
  Localiza@on	
  

Person	
  can	
  be	
  anywhere	
  on	
  an	
  ellipse	
  whose	
  foci	
  are	
  (Tx,Rx)	
  	
  

One	
  ellipse	
  is	
  not	
  enough	
  to	
  localize!	
  	
  



Tx	
  Rx	
   Rx’	
  

d	
  

in	
  beam	
  

From	
  Distances	
  to	
  Localiza@on	
  

d’	
  

WiTrack	
  uses	
  direc#onal	
  antennas	
  so	
  only	
  one	
  point	
  is	
  in-­‐beam	
  	
  

Extend	
  to	
  3D	
  by	
  using	
  3	
  Rx	
  antennas	
  and	
  taking	
  the	
  
intersec@on	
  of	
  ellipsoids	
  



Performance	
  



Implementa@on	
  

•  Built	
  FMCW	
  front-­‐end	
  
–  Connected	
  to	
  USRP	
  

•  Band:	
  5.5-­‐7.2GHz	
  

•  Transmit	
  0.75mW	
  	
  
–  100x	
  lower	
  power	
  than	
  WiFi	
  AP	
  

•  1	
  Tx,	
  3	
  Rx	
  antennas	
  



Ground	
  Truth	
  via	
  VICON	
  

Vicon	
  
markers	
  

•  Array	
  of	
  infrared	
  cameras	
  

•  Provides	
  sub-­‐cm	
  accuracy	
  

•  Instruments	
  the	
  person	
  
with	
  IR	
  markers	
  



Evalua@on	
  

WiTrack	
  

1	
  m	
   9	
  m	
  

VICON	
  room	
  

•  VICON	
  creates	
  3D	
  model	
  of	
  human	
  and	
  computes	
  
closest	
  reflec#on	
  point	
  to	
  WiTrack	
  

•  Localiza#on	
  error:	
  difference	
  between	
  WiTrack-­‐
es#mated	
  loca#on	
  and	
  VICON-­‐computed	
  point	
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  device	
  

100	
  experiments:	
  	
  ½	
  million	
  loca#on	
  measurements	
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Fall	
  Detec@on	
  
Goal:	
  Elderly	
  monitoring	
  to	
  detect	
  falls	
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Experiment:	
  Person	
  simulates	
  falling,	
  siing,	
  lying	
  
on	
  the	
  floor.	
  Check	
  if	
  WiTrack	
  detects	
  falls	
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Related	
  Work	
  
•  Emerging	
  area	
  uses	
  body	
  radio	
  reflec@ons	
  for	
  mo@on	
  
and	
  gesture	
  detec@on	
  
– WiVi	
  [SIGCOMM’13],	
  WiSee	
  [MobiCom’13],	
  Full	
  Duplex	
  
Backscaler	
  [HotNets’13],	
  AllSee	
  [NSDI’14],	
  Electronic	
  Frog	
  Eye	
  
[INFOCOM’14]	
  

•  RF-­‐based	
  localiza@on:	
  localizes	
  an	
  RF	
  transceiver	
  
–  ArrayTrack	
  [NSDI’13],	
  PinPoint	
  [NSDI’13],	
  PinIt	
  [SIGCOMM’13],	
  
Zee	
  [MobiCom’12],	
  PinLoc	
  [MobySys’12],	
  FM-­‐based	
  
[MobySys’12],	
  EZ	
  [MobiCom’10],	
  Link	
  Signatures	
  
[MobiCom’07],	
  Bayesian	
  [INFOCOM’05],	
  VOR	
  [MobiCom’04],	
  
APS	
  [INFOCOM’03],	
  AHLoS	
  [MobiCom’01],	
  Cricket	
  
[MobiCom’00],	
  RADAR	
  [INFOCOM’00],	
  …	
  



Limita@ons	
  

•  Can	
  only	
  detect	
  a	
  moving	
  person	
  

•  Cannot	
  concurrently	
  track	
  mul#ple	
  people	
  



Ongoing	
  Work:	
  Unpublished	
  
To	
  lio	
  WiTrack’s	
  limita#ons	
  (requiring	
  mo#on)	
  





More	
  informa@on	
  
(Videos	
  and	
  animated	
  slides)	
  

hlp://witrack.csail.mit.edu	
  


