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Copy image from cybercars.org 

Background sensing 

Network-level traffic 
state information 

Control/
Optimization 

Laser, GPS, camera, 
RFID…..   

Floating car, loop 
detector, wifi, 3G 
(maybe), GPS…   





Traffic state collected from 
distributed sensors ： free-
flowing or congestion in 
individual roads/intersections  

Global traffic state 
information over the whole 
transportation network 





The traffic state of  
one specific link 
observed at one 
specific time step 

Listing traffic 
states of  local 
links observed at 
the same time  







http://traffic.berkeley.edu 



http://traffic.berkeley.edu 
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High-dimensional 
data  

Low-dimensional 
representation 
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Localized components 
represented by the NMF 
bases 

Global components 
represented by the PCA 
bases 



� 

O = X −MV F
2 + λTr(VLV T )

Insert an additional constraint on topological structures of  the 
derived subspace [1] 

[1] Cai, X.Fei He, X.H.Wang, H.J.Bao and J.W.Han, "Locality Preserving Nonnegative Matrix Factorization", In 
Proceedings of  International Joint Conference on Artificial Intelligence 2009 ) 

L: Graph Laplacian, which is used to describe 
topological structures of  the data distribution 

� 

Dii = wij
j
∑is a diagonal matrix whose entries are 

column-wise sum of  W  

� 

W Similarity matrix of  data X  

� 

wij is the pair-wise similarity 
measure between the i-th 
and j-th column of  data X 



Data points in the original 
high-dimensional data space  

Corresponding data points in 
the low-dimensional NMF 
projection space: keep the 
similarity relationship between 
data points in the projected 
space  

Graph Laplacian Constrained NMF 

Global smoothness of  
the projected space  

Graph Laplacian:  the  
structural information  
structure of  the data 
distribution  � 

L = D −W





is the free-flow travel time on 
segment l / link l 

is the travel time on segment l at 
the time t 

Data structure for traffic state evaluation: traffic index value 

corresponds to the free-flow state while lower value 
indicate congestion in the segment  



Traffic 
state 
matrix: X 

48 (daily time sampling steps)*146 
(simulations) = 7008 time sampling steps  

13627 links 

Transportation network 
around and inside Paris 

Network-level traffic state: the global traffic 
state observed at the specific time sampling step  

A 13627*7008 matrix. Each column corresponds 
to a network-level traffic state obtained at each 
time step, which is a 13627-dimensional vectors.  



2626 roads and 52,992 
time sampling steps 

Traffic 
state 
matrix: X 

52,992 time sampling steps  

2626 links 

Transportation network in 
San-Francisco  

Network-level traffic state: the global traffic 
state observed at the specific time sampling step  

A 2626*52992 matrix. Each column corresponds 
to a network-level traffic state obtained at each 
time step, which is a 2626-dimensional vectors.  



High-dimensional  
network-level traffic state 

Low-dimensional representation based 
on matrix factorization 

Clustering and prediction of  the global traffic 
configurations in the projected space  

Graph Laplacian 
constrained NMF 
projection 

Feature 
dimension 
reduction  � 

X

� 

V

� 

X ≈ MV





We project the 13627D global traffic states into the 3D PCA space, as shown in three 
different viewpoints as follows: 

The samples corresponding to the free-flowing network level states are concentrated 
within a small region 
Samples corresponding to network-level congestion are distributed sparsely and far from 
the region of  the free-flowing state.  

PCA is only used for visualization. For analysis, we use the NMF based projection !  



3 main state types 
(free-flow,  
light congestion,  
heavy congestion) 

NB: data shown here in projection on 3D PCA space  

5 typical spatial 
patterns of the 
global state types 

Increasing the 
number of  
cluster to 5 



Visualization of peak congestion global state for each cluster 

Light congestion 
before peak hour  

Heavy congestion 
of peak hour  

Light congestion 
after peak-hour 











Part-based representation of  the network: 
Grouping of  links in three circular regions  

The circular region surrounding the center   



Part-based representation of  the network: 
Grouping of  links in three circular regions  

The circular 
region a little 
far from the 
center   



Part-based representation of  the network: 
Grouping of  links in three circular regions  

The circular 
region further 
away from 
the center: 
the outskirt 
region   







Typical daily evolution of traffic (a circular trajectory in 3D PCA space)  

Iaurif Database 





3-way tensor 
structure for 
storing traffic 
state data 



n  
links 

m time 
sampling 
steps 

s observed days  

The n*m*s tensor T storing the 
traffic observations  

� 

T = (Ar ⊗ Br ⊗Cr
r=1

K

∑ )

� 

Ar,Br,Cr

are the r-th column of non-negative A, B and C 
respectively  

� 

A∈Rn×K

� 

C∈Rs×K

� 

B∈Rm×K

Factorized into the outer product of three non-negative matrices 

� 

⊗ Outer-product  



n  
links 

m time 
sampling 
steps 

s observed days  

The n*m*k tensor T storing the traffic 
observations  

� 

{Ci,r}(r =1,2...K)

Fixing A and B (“projection basis”), each row 
vector of C can be treated as a K-
dimensional representation for the 
corresponding frontal slice 

� 

Ti = Ci,r (ArBr
T )

r=1

K

∑

� 

Ti The frontal slice of the 3-way tensor  

Temporal 
dynamics of all 
links in the 
network  

The i-th row vector in C 



n  
links 

m time 
sampling 
steps 

s observed days  

The n*m*s tensor T 
storing the traffic 
observations  

Tensor 
Factorization 

Project the each daily temporal 
sequence of the global traffic 
states (each frontal slice in the 
tensor) into a K-dimensional 
subspace  

Low-dimensional 
model of the daily 
temporal dynamics of 
global traffic state 
patterns 

Clustering/Prediction of 
global traffic dynamics in the 
K-dimensional subspace 
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m1 +1
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