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Motivation	
  

ì  Networking	
  soluDons	
  for	
  vehicular	
  environments	
  require	
  car	
  
mobility	
  informa:on	
  	
  
ì  Cellular	
  networks	
  

ì  	
  Infrastructure	
  planning	
  
ì  	
  Resource	
  allocaDon	
  
ì  	
  Hand-­‐off	
  management	
  
ì  	
  Green	
  networking	
  

ì  	
  Autonomous	
  networks	
  (e.g.,	
  DSRC-­‐based)	
  
ì  	
  Roadside	
  infrastructure	
  planning	
  (V2I	
  communicaDon)	
  
ì  	
  Protocol	
  design	
  and	
  performance	
  evaluaDon	
  (V2I	
  +	
  V2V)	
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Motivation	
  

ì  Trivial	
  soluDon:	
  collect	
  and	
  use	
  real-­‐world	
  traffic	
  data	
  

ì  Possible	
  sources	
  
ì  Transporta:on	
  departments	
  (vehicular	
  mobility	
  only)	
  

	
  
ì  Telecom	
  service	
  providers	
  (vehicular	
  +	
  pedestrian	
  mobility)	
  	
  

	
  
ì  However,	
  real-­‐world	
  mobility	
  traces	
  are	
  not	
  publicly	
  available	
  

ì  Public	
  security,	
  privacy,	
  industrial	
  compeDDon,	
  expensive	
  access	
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Motivation	
  

ì  Resort	
  to	
  synthe:c	
  traces	
  of	
  vehicular	
  mobility	
  	
  

ì  State-­‐of-­‐art	
  mobility	
  traces	
  freely	
  available	
  
ì  Canton	
  of	
  Zurich	
  (CS	
  Dept.,	
  ETH	
  Zurich,	
  Switzerland)	
  
ì  Downtown	
  Zurich	
  (Telecom	
  Dept.,	
  ETH	
  Zurich,	
  Switzerland)	
  
ì  Downtown	
  Turin	
  (CS	
  Dept.,	
  Politecnico	
  di	
  Torino,	
  Italy)	
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Motivation	
  

ì  However	
  exisDng	
  traces	
  have	
  major	
  limitaDons	
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Trace	
  generation	
  tools	
  

ì  Required	
  components	
  

	
  

ì  Realis:c	
  road	
  topology	
  
ì  Accurate	
  map	
  of	
  street	
  layout	
  including	
  road	
  properDes	
  

ì  Microscopic	
  simulator	
  
ì  RepresentaDon	
  of	
  individual	
  driving	
  behavior	
  

ì  Macroscopic	
  model	
  	
  
ì  IdenDficaDon	
  of	
  trips	
  travelled	
  by	
  drivers	
  	
  

ì  Traffic	
  demand:	
  origin-­‐desDnaDon	
  (O/D)	
  matrix	
  
ì  Traffic	
  assignment:	
  route	
  calculaDon	
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Trace	
  generation	
  tools	
  

ì  Required	
  components	
  

	
  

ì  Realis:c	
  road	
  topology	
  	
  OpenStreetMap	
  
ì  Accurate	
  map	
  of	
  street	
  layout	
  including	
  road	
  properDes	
  

ì  Microscopic	
  simulator	
  	
  SUMO	
  
ì  RepresentaDon	
  of	
  individual	
  driving	
  behavior	
  

ì  Macroscopic	
  model	
  	
  
ì  IdenDficaDon	
  of	
  trips	
  travelled	
  by	
  drivers	
  	
  

ì  Traffic	
  demand:	
  origin-­‐desDnaDon	
  (O/D)	
  matrix	
  	
  TAPAS	
  
ì  Traffic	
  assignment:	
  route	
  calculaDon	
  	
  Gawron’s	
  algorithm	
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OpenStreetMap	
  

ì  World	
  map	
  database	
  	
  
ì  Open-­‐source	
  
ì  Road	
  topology	
  quality	
  closely	
  	
  

	
  matches	
  that	
  of	
  Google	
  Maps,	
  
	
  Mappy	
  

ì  Includes	
  addiDonal	
  informaDon	
  	
  
ì  Traffic	
  lights,	
  AOI,	
  buildings	
  

ì  Dedicated	
  ediDng	
  tools	
  	
  	
  
ì  Osmosis:	
  database	
  informaDon	
  filtering	
  
ì  JOSM:	
  road	
  informaDon	
  ediDng	
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Simulation	
  of	
  Urban	
  Mobility	
  

ì  Microscopic	
  vehicular	
  mobility	
  simulator	
  	
  
ì  Open-­‐source	
  
ì  Imports	
  different	
  maps	
  formats	
  	
  

ì  OSM,	
  GDF,	
  US	
  Census	
  TIGER	
  database	
  

ì  Featured	
  models	
  

ì  Krauss’	
  car-­‐following	
  model	
  
ì  Controls	
  driver	
  acceleraDon/deceleraDon	
  
	
  	
  	
  	
  	
  	
  based	
  on	
  car-­‐to-­‐car	
  distance	
  and	
  velocity	
  

ì  Krajzewicz’s	
  lane-­‐changing	
  model	
  
ì  Overtaking	
  decisions	
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Travel	
  and	
  Activity	
  Pattern	
  Simulation	
  

ì  Macroscopic	
  traffic	
  flow	
  dataset	
  	
  
ì  Provided	
  by	
  InsDtute	
  of	
  TransportaDon	
  Systems	
  at	
  the	
  German	
  

Aerospace	
  center	
  (ITS-­‐DLR)	
  
ì  24-­‐hour	
  O/D	
  matrix	
  of	
  a	
  typical	
  day	
  in	
  Koln,	
  Germany	
  	
  	
  

ì  Based	
  on	
  TAPAS	
  methodology	
  	
  
ì  Exploits	
  a	
  survey	
  by	
  German	
  Federal	
  StaDsDcal	
  Office	
  

ì  30,700	
  daily	
  acDvity	
  reports	
  
ì  7000	
  households	
  
ì  1.2	
  million	
  trips	
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Trace	
  generation	
  	
  

ì  IntegraDng	
  the	
  tools	
  as	
  they	
  are	
  leads	
  to	
  a	
  plain	
  unusable	
  trace	
  
ì  Pervasive	
  traffic	
  conges:on	
  early	
  in	
  the	
  simulaDon	
  	
  
ì  Impossibility	
  to	
  recover	
  from	
  above	
  condiDon	
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Resulting	
  trace	
  

ì  Repairing	
  all	
  flaws	
  provides	
  	
  
expected	
  road	
  traffic	
  behavior	
  	
  
ì  RealisDc	
  speed	
  and	
  travel	
  :me	
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Resulting	
  trace	
  

ì  	
  Live	
  traffic	
  comparison:	
  our	
  trace	
  vs.	
  ViaMichelin	
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Connectivity	
  analysis	
  

ì  Impact	
  of	
  car	
  traffic	
  realism	
  on	
  vehicular	
  network	
  connec:vity	
  
ì  Comparison	
  with	
  canton	
  of	
  Zurich	
  trace	
  (only	
  large-­‐scale	
  trace	
  available)	
  
ì  Metrics:	
  clustering	
  and	
  degree	
  distribuDon	
  

ì  Realism	
  of	
  Zurich	
  trace	
  	
  
ì  Incomplete	
  road	
  topology	
  
ì  Low	
  microscopic	
  detail	
  	
  

	
  (queuing	
  approach)	
  
ì  Approximate	
  macroscopic	
  	
  

	
  model	
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Connectivity	
  analysis	
  

ì  Cluster	
  analysis	
  
ì  Many	
  more	
  clusters	
  	
  
ì  Clusters	
  are	
  much	
  smaller	
  in	
  size	
  
ì  No	
  giant	
  components	
  	
  	
  	
  

ì  Degree	
  distribuDon	
  
ì  60%	
  vehicles	
  have	
  less	
  than	
  5	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  neighbors	
  	
  

ì  Significantly	
  reduced	
  connec:vity	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
w.r.t.	
  Zurich	
  trace	
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Conclusions	
  

ì  Large-­‐scale	
  vehicular	
  mobility	
  trace	
  
ì  400	
  km2	
  around	
  the	
  city	
  of	
  Koln,	
  Germany	
  
ì  24	
  hours	
  of	
  car	
  traffic,	
  involving	
  700,000	
  trips	
  	
  
ì  Generated	
  with	
  state-­‐of-­‐art	
  tools	
  
ì  Closely	
  matches	
  live	
  traffic	
  	
  

ì  Comparison	
  with	
  exisDng	
  traces	
  
ì  SimplisDc	
  macroscopic	
  and	
  microscopic	
  modeling	
  results	
  in	
  exceedingly	
  

good	
  network	
  connecDvity	
  
ì  Using	
  current	
  traces	
  may	
  cause	
  over-­‐op:mis:c	
  protocol	
  performance	
  

evalua:on	
  

ì  Availability	
  :	
  last	
  week	
  of	
  November	
  	
  
ì  hnp://kolntrace.project.ciD-­‐lab.fr	
  and	
  hnp://sumo.sourceforge.net	
  	
  

14/11/11	
  S.Uppoor,	
  M.Fiore	
  

17	
  



Recent	
  and	
  Future	
  direction	
  	
  
	
  

ì  EURECOM’s	
  OpenAirInterface	
  (LTE	
  Emulator)	
  uses	
  Koln	
  vehicular	
  
mobility	
  	
  through	
  SUMO.	
  

ì  Demo	
  in	
  bell	
  labs	
  Open	
  days	
  2012	
  
ì  hnp://www.openairinterface.org	
  

ì  	
  	
  	
  	
  	
  	
  	
  	
  	
  Mobility	
  Simulator	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  LTE	
  Emulator	
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Future	
  direction	
  
	
  

ì  Further	
  mobility	
  analysis	
  using	
  	
  Voronoi	
  tessellaDons	
  
ì  Mobility	
  predicDon	
  on	
  macroscopic	
  flows	
  
ì  Exploit	
  the	
  signal	
  propagaDon	
  in	
  outdoor	
  urban	
  environment	
  using	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

WiPLAN	
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Thank	
  you	
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  ?	
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Appendix	
  1:	
  	
  Gawron’s	
  algorithm	
  	
  

ì  Simple	
  itera:ve	
  process	
  for	
  bener	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
route	
  calculaDon	
  which	
  is	
  more	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
knowledgeable	
  about	
  congesDon	
  

ì  Traffic	
  Equilibrium	
  requires	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
repeated	
  simula:ons	
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Route Generation

57

Figure 5.5. Sketch showing the effects of Christian Gawron dua-approach on
route distribution within the network; blue color indicates that an edge is used
within the step, red shows jams

Still, as the picture above shows, there may be other faster routes when again running the simulation,
so in order to get a balanced assignment, you have to iterate this process several time.

Here, you may again find the procedure to generate a dynamic user assignment:

1. Generate the network (see chapter 4 [http://sumo.sourceforge.net/docs/gen/user_chp04.shtml])

2. Import your routes (see chapter 5, "Building own Routes from Scratch [#user_chp05-
own_routes]" or "Importing Routes from other Simulations [#user_chp05-import_routes]"),
generating a routes file and an alternatives file

3. Simulate using the network and the routes (see chapter 6 [http://sumo.sourceforge.net/
docs/gen/user_chp06.shtml]) forcing SUMO to write edge-based dumps (see chapter 6,
"Aggregated Lane/Edge States (Edge/Lane-Dumps) [http://sumo.sourceforge.net/docs/gen/
user_chp06.shtml#user_chp06-output-edgelanedump]")

4. Compute new routes and alternatives using the previously generated alternatives and the edge-
based dumps generated within the last step

5. Continue with step 3 until the DUA is completed

How do we know when the dua is completed? In fact. we don't know any possibility to determine
this, yet. Within very large networks we are running mostly about 20 iterations, but this is just a hint.
One may say, that the dua is finished if there is no further change in the aggregated vehicles trip
duration. DUA is definitely still a research topic. If you are interested in more details than you maybe
should take a look at "More On... Dynamic User Assignment [http://sumo.sourceforge.net/docs/gen/
sumo_moreon_dua.shtml]".

Specific options:

( --alternatives | -a )
<ALTERNATIVES_FILE>

Forces DUAROUTER to use the previously generated
<ALTERNATIVES_FILE> as input. Optional, type:filename,
default: none

--gBeta <FLOAT> Defines Christian Gawron's beta. Optional (pregiven),
type:float, default: 0.3

--gA <FLOAT> Defines Christian Gawron's alpha. Optional (pregiven),
type:float, defaults: 0.05
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Appendix	
  2:	
  Few	
  more	
  results	
  	
  

ì  Vehicles	
  acDviDes	
  during	
  simulaDon	
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