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This is a “World Car-free Day”



  

This is NOT a parking lot



  

The traffic problem in Beijing

12:00 18:00

source: Baidu Maps



  

The cost of traffic congestion

Annual cost

$11.3 billion

Source: Peking University's National 
Development Research Institute

  Money

  Fuel

  Happiness

  Lives

Cloth   Food  House  Travel



  

Can mathematicians help?

Understanding traffic

Taking actions

Source: Chinadaily

Fluids
Particle system
Complex network
Big data

Route planning

Policy making

e.g. end-number license 
plate policy (1/5)



  

Big City, Big Data

Traffic Data

Data
Mining

Model-based
Approach

Statistical
Approach

Cooperate with
BTIC

Tian & Sun Team Yu Team Hu Team

Lead by Weinan E 
and Tiejun Li



  

Taxi GPS Data

 From BTIC
 Near 70, 000 taxis
 Transmit signal once every minutes
 4 months, 200G
 Real time in the future

Sample data



  

Data Pre-processing

Trajectory-based denoising

Before After



  

Traffic forecasting: overview

    Pure Data

Time-series

    Road network + Data

Dynamic Bayesian network

    Mechanism + Data

DYNASMART
DynaMIT

Hofleitner et.al, 2012

Furtlehner et.al, 2007



  

Numerical weather prediction

Data Model

Accidents
Weather

Social events



  

1.  How many roads?

2.  How many cars?

3.  How do the cars move?

Modelling traffic



  

1. How many roads

 Partition Beijing into grids (100x100m)

 Count cars in each grid in every 10 mins

 Measure their average speed

 No car, no road

 More cars, more roads



  

2. How many cars

Taxi / Private car

O/D Analysis

More data is needed

Current: historical path

Future: path sampling



  

3. How do the car move

V(N) --- constitutive law

Helbing, 2001

Nagel and Schreckenberg, 1992

The fundamental diagram

Time average

Measure depth



  

mesh size: 256x256Sample paths: cars in

Update V from N

Move cars and update N

Check exit: cars out

Coarse-grained cellular automata model



  

 Powered by big data

 Model inside

 Requires no road information

 Similar work-flow with NWP

Features



  

Difficulties

 Heavy computational load

 Choice of V-N relation

 The effect of private cars

 Incorporate real-time data



  

Work-flow



  

Results: 2D small

4th ring
NW

3rd ring
NW

mesh size
64x64



  

Results: 2D small

Simulation Real data



  

Results: 2D small

Simulation Real data



  

Results: 2D small



  

2D 
large

256x256



  

Sampling Taxi Origin-Destination Demands 
in Large Metropolitan Environment



  

O-D sampling



  

O-D data



  

O-D statistical

OD-distance



  

O-D sampling

For some time period 8:00-9:00, given

● N: the total number of OD;

● PO(x): the probability density of origins;

● PD(y): the probability density of destinations;

● Pdist(r): the probability density of OD-distance.

Generate OD samples that fit the above quantities.



  

Conditional probability

OD matrix: 2564



  

O-D modeling



  

Attractivity

r

rx



  

Radiation-absorbtion



  

Consistency relation

Approximation:

Algorithm:
1. Generate x;
2. Generate r for this x;
3. Generate y for this x and r;



  

Attractivity

q(y)



  

Numerical results

KL distance 0.0050.018
0.356



  

Numerical results

Total 
OD-distance
distribution



  

Summary

● A model-based OD sampling approach.

● Accounts for spatial heterogeneous.
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Thank You!



  

Results: 2D small

Simulation Real data



  

Road space rationing
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