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10	
  Years	
  ago:	
  First	
  ZebraNet	
  
paper	
  at	
  ASPLOS	
  ‘02	
   During	
  the	
  5-­‐year	
  project:	
  

•  ~5	
  disYnct	
  generaYons	
  of	
  
tracking	
  hardware	
  

•  	
  2	
  deployments	
  of	
  our	
  
collar	
  designs	
  

•  	
  AddiYonal	
  deployments	
  
of	
  industry-­‐made	
  designs	
  

Research	
  contribuYons:	
  	
  
•  	
  Protocols	
  
•  	
  Compression	
  methods	
  to	
  

save	
  radio	
  energy	
  
•  	
  Middleware	
  designs	
  for	
  

radio-­‐based	
  updates	
  
•  …	
  
And	
  graduated	
  some	
  great	
  

PhD	
  students:	
  	
  
•  	
  Chris	
  Sadler,	
  Pei	
  Zhang,	
  

…	
  



Then	
  and	
  Now	
  

•  Then:	
  Cellular	
  telephony	
  not	
  ubiquitous,	
  
especially	
  in	
  less-­‐developed	
  countries	
  and	
  regions	
  

•  Now:	
  Cellphones	
  are	
  the	
  world’s	
  dominant	
  
compuYng	
  pla^orm	
  
⇒ Mobile	
  services	
  are	
  burgeoning	
  

•  Then:	
  GPS	
  was	
  sYll	
  a	
  niche	
  technology,	
  with	
  high-­‐
wa`age	
  receivers	
  and	
  inaccurate	
  readings	
  

•  Now:	
  GPS	
  is	
  widespread,	
  more	
  accurate,	
  and	
  
dropping	
  in	
  power	
  requirements	
  
=>	
  LocaYon-­‐aware	
  services	
  



OpportuniYes	
  and	
  Challenges?	
  
•  Everyone	
  has	
  a	
  GPS-­‐based,	
  communicaYon-­‐enabled	
  sensor	
  with	
  

them	
  nearly	
  all	
  the	
  Yme	
  
–  Our	
  work	
  asks:	
  What	
  can	
  we	
  do	
  with	
  this?	
  (For	
  humans,	
  not	
  zebras!)	
  

•  Our	
  work:	
  
–  How	
  can	
  we	
  use	
  cellphones	
  as	
  implicit	
  mobile	
  sensing	
  devices?	
  

•  E.g.	
  Noise	
  polluYon	
  maps	
  
–  How	
  can	
  mobility	
  predicYons	
  and	
  modeling	
  improve	
  performance	
  of	
  

“opportunisYc”	
  networking?	
  
•  And	
  in	
  turn	
  provide	
  higher-­‐performance	
  low-­‐cost	
  networking	
  approaches	
  for	
  
the	
  world’s	
  rural	
  poor.	
  	
  

•  C-­‐LINK	
  
–  How	
  can	
  collaboraYon	
  between	
  nearby	
  phones	
  lead	
  to	
  interesYng	
  

applicaYons	
  with	
  be`er	
  performance	
  than	
  non-­‐collaboraYve	
  versions?	
  
•  SignalGuru	
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SignalGuru:	
  The	
  Goal	
  
•  How	
  fast	
  should	
  I	
  drive	
  to	
  hit	
  all	
  the	
  green	
  

lights?	
  
•  In	
  an	
  arbitrary	
  region,	
  sense	
  the	
  traffic	
  signal	
  

green-­‐red	
  transiYon	
  Ymes	
  	
  
•  And	
  give	
  drivers	
  accurate	
  “opYmal	
  speeds”	
  at	
  

which	
  to	
  drive	
  to	
  hit	
  only	
  green	
  lights	
  

Tracking	
  Signal	
  transiYons:	
  
•  Individually:	
  Insufficient	
  informaYon	
  
•  Cloud-­‐Archived/Historic:	
  Too	
  staYc.	
  	
  Non-­‐

adapYve.	
  
•  Grassroots	
  regional	
  collaboraYon:	
  Gather	
  info	
  

quickly.	
  Adjust	
  even	
  to	
  highly-­‐adapYve	
  signal	
  
schedules	
  

© Thanva Tivawong 



SignalGuru 
iPhone 

Scan Tool  
OBD-LINK 
device  

OBDWiz software 
(IMAP) 

2.4L Chrysler  
PT Cruiser ’01 



Summary	
  of	
  Approach	
  

•  Sample	
  video	
  stream	
  
every	
  2	
  seconds	
  

•  IdenYfy	
  red	
  or	
  green	
  
stoplights	
  
– Local	
  computaYon	
  on	
  
iPhone	
  

•  Share	
  with	
  neighbors	
  
•  Predict	
  appropriate	
  
speed	
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Use	
  phone’s	
  gyro	
  and	
  accelerometers	
  
to	
  prune	
  detecYon	
  window	
  

•  Process	
  only	
  area	
  within	
  detecYon	
  window.	
  
–  Processing	
  Yme	
  reduced	
  by	
  41%.	
  
– MisdetecYon	
  rate	
  reduced	
  by	
  49%.	
  

φ: field of view 
ω: roll angle 
θ: detection angle 



CollaboraYon	
  Module	
  

•  No	
  cloud	
  server.	
  
•  Real-­‐Yme	
  adhoc	
  exchange	
  
of	
  Ymestamped	
  R→G	
  
transiYons	
  (last	
  5	
  cycles)	
  
database.	
  

•  CollaboraYon:	
  
–  Improves	
  mutual	
  
informaYon.	
  

–  Enables	
  advance	
  advisory.	
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Residual amount 
of time in sec 
until the traffic 
signal turns 
green. 
Residual amount 
of time in sec 
until the traffic 
signal turns red 
again. 
Recommend
ed speed.  

SignalGuru/GLOSA	
  iPhone	
  ApplicaYon	
  



Singapore:	
  PredicYon	
  Accuracy	
  EvaluaYon	
  

•  Traffic-­‐adapYve	
  traffic	
  signals. 
•  Experiment	
  in	
  downtown:	
  

•  8	
  cars	
  over	
  30	
  min.	
  

•  2	
  signals,	
  26	
  transiYons.	
  

Singapore	
  

•  ErrorAverage = 2.45sec (3.8%). 
•  ErrorTransition Detection = 0.60sec 

(0.9%). 
•  ErrorPhase Length Prediction = 1.85sec 

(2.9%). 
•  Without collaboration:  

•  ErrorAverage = 11.03sec    

! "
With	
  collaboraYon	
  SignalGuru	
  accurately	
  predicts	
  
both	
  pre-­‐1med	
  and	
  traffic	
  adap1ve	
  traffic	
  signals.	
  

Using	
  OBD-­‐link	
  measurements,	
  20%	
  fuel	
  savings	
  by	
  
abiding	
  by	
  SignalGuru	
  speed	
  advisories.	
  



SignalGuru:	
  Leveraging	
  Mobile	
  Phones	
  for	
  

CollaboraYve	
  Traffic	
  Signal	
  Schedule	
  Advisory	
  

Emmanouil	
  Koukoumidis,	
  Li-­‐Shiuan	
  Peh,	
  Margaret	
  
Martonosi	
  

MobiSys	
  ‘11	
  (Best	
  Paper	
  Award)	
  
h"p://www.princeton.edu/~ekoukoum/SignalGuru.html	
  


