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A	
  holisOc	
  approach	
  of	
  mobility	
  

LA - 1932 



State-­‐of-­‐the-­‐art:	
  Granularity	
  of	
  traffic	
  models	
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  Fine-­‐grained	
  
•  Data	
  intensive	
  
•  QuesOonable	
  calibraOon	
  
•  Expensive	
  computaOon	
  
•  Unreliable	
  predicOon	
  
•  Fragmented	
  opOmizaOon	
  

	
  	
  	
  	
  Coarse-­‐grained	
  
•  Less	
  accurate	
  
•  Lack	
  dynamics	
  
•  Non-­‐physical	
  
•  Planning	
  oriented	
  

traffic	
  modeling	
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State-­‐of-­‐the-­‐art:	
  Traffic	
  opOmizaOon	
  &	
  control	
  
Most	
  opOmizaOon	
  methods	
  for	
  transport	
  networks	
  	
  
•  Fragmented	
  and	
  uncoordinated	
  
•  Suited	
  for	
  toy	
  networks	
  with	
  simplified	
  dynamics	
  
•  Apply	
  decentralized	
  control	
  	
  
•  Micro-­‐simulaOon	
  and	
  scenario	
  analysis	
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Yokohama	
  

Geroliminis	
  and	
  Daganzo	
  (2008)	
  –	
  Trans.	
  Res.	
  Part	
  B	
  



Clustering	
  –	
  CongesOon	
  Dynamics	
  

7	
  

    

Ji	
  and	
  Geroliminis	
  (2012)	
  –	
  Trans.	
  Res.	
  Part	
  B	
  

Clusters	
  of	
  a	
  city	
  reach	
  congesOon	
  at	
  different	
  Omes	
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Small	
  number	
  of	
  
criOcal	
  pockets	
  of	
  

congesOon	
  

Significant	
  SpaOal	
  
correlaOons	
  

20000	
  taxis	
  (50M	
  points/day)	
  	
  	
  	
  	
  	
  	
  	
  9000	
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  Shenzhen	
  12M	
  populaOon	
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Geroliminis	
  and	
  Boyaci	
  (2012)	
  –	
  Tr.	
  Res.	
  Part	
  B	
  

Zheng	
  and	
  Geroliminis	
  	
  (2013)	
  ISTTT20	
  



By	
  affec<ng	
  	
  
#	
  trips	
  per	
  mode	
  

Bus	
  Priority	
  Urban	
  Space	
  
	
  Alloca<on	
  

A	
  “System	
  of	
  Systems”	
  Approach	
  

CONTROL	
  

Without	
  affec<ng	
  	
  
#	
  trips	
  per	
  mode	
  

Hierarchical	
  	
  
Signal	
  Control	
   Parking	
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System	
  dynamics	
  –	
  General	
  representaOon	
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Dynamics	
  of	
  one	
  region	
  with	
  cruising	
  

!

!! ,! ! + 1 = !! ,! ! + !!!" ! + !!!"(!)− !! ,! !  

!!,! ! + 1 != !!,! ! + !!→!,! ! − !!,! !  

!!,! ! + 1 = !!,! ! + !!!" ! + !!!"(!)− !!,! !  

!!",! ! + 1 = !!",! ! − !!,!"! ! + !!,! !  

!!,! ! + 1 = !!,! ! − !!,!! ! + !!→!,! !  

  (7a)!

(7b) 

(7c) 

(7d) 

(7e)!

x:	
  vehicle	
  acOvity	
  
r:	
  moving	
  with	
  internal	
  
desOnaOon	
  
o:	
  moving	
  with	
  external	
  
desOnaOon	
  
s:	
  cruising	
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Aggregated	
  mulOmodal	
  choice	
  	
  
•  EsOmated	
  cost	
  (mode	
  disuOlity)	
  from	
  real-­‐Ome	
  	
  	
  

	
  
•  Nested-­‐logit	
  mode	
  choice	
  

𝜔𝑖𝑏(𝑡) =
exp+𝜏𝑏 ∙ 𝐶𝑖𝑏(𝑡)/

exp+𝜏𝑐 ∙ 𝐶𝑖𝑏(𝑡)/ + exp+𝜏𝑐 ∙ 𝐶𝑖𝑐(𝑡)/
	
  

Car,	
  on-­‐street	
  parking	
  

Car,	
  garage	
  parking	
  

Bus	
  

Bus	
  share	
  :	
  

On-­‐Street	
  	
  
parking	
  share	
  :	
  



Pricing	
  Schemes	
  
•  Pbasic:	
  constant	
  garage	
  pricing,	
  on-­‐street	
  parking	
  is	
  free	
  
	
  
•  P0:	
  OpOmal	
  constant	
  garage	
  and	
  on-­‐street	
  pricing	
  
	
  
•  P1:	
  System	
  OpOmum	
  Pricing	
  
	
  
•  P2:	
  myopic	
  traffic-­‐responsive	
  pricing	
  
	
  
•  P3:	
  Pricing	
  compeOOon	
  between	
  on-­‐street	
  and	
  garage	
  

15	
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System	
  performance:	
  flat-­‐rate	
  pricing	
  (P0)	
  

Fixed	
  Pricing	
  &	
  
Resultant	
  cruising	
  Ome	
  

Demand	
  &	
  Mode	
  split	
   MFD	
  center	
  region	
  

Cost	
  per	
  mode	
  



System	
  OpOmum	
  Pricing	
  (P1):	
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CongesOon-­‐responsive	
  pricing	
  (P2)	
  

-­‐	
  	
  Price,	
  garage	
  

-­‐	
  	
  Price,	
  on-­‐street	
  

MFD	
  (center	
  region)	
  

q  Control	
  objecOve:	
  	
  
•  Maintain	
  general	
  congesOon	
  level	
  below	
  
•  Maintain	
  cruising	
  congesOon	
  level	
  below	
  
q  PI-­‐type	
  feedback	
  control	
  strategy	
  
  	
  

𝑁𝑐𝑟 	
  

𝑁𝑠𝑇 	
  

𝑁𝑠𝑇 	
  𝑁𝑐𝑟 	
  

18	
  

Cruising	
  Ome	
  vs.	
  searching	
  vehicles	
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Pricing	
  and	
  cruising	
  over	
  Ome	
  

Number	
  of	
  cars	
  over	
  Ome	
  

CongesOon-­‐responsive	
  pricing	
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q Operators	
  and	
  objecOves	
  

q CompeOOon	
  scenarios	
  
•  CooperaOon:	
  maximize	
  the	
  common	
  benefit	
  
•  Individual	
  maximizaOon:	
  change	
  prices	
  knowing	
  the	
  other’s	
  

20	
  

PHT:	
  total	
  travel	
  ;me	
  
Tos:	
  total	
  toll	
  paid,	
  on-­‐street	
  parking	
  
Tg:	
  total	
  toll	
  paid,	
  garage	
  parking	
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  Preliminary	
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RESEARCH SPONSORS 



•  Parking	
  research	
  deserves	
  aoenOon,	
  as	
  everybody	
  needs	
  a	
  spot	
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