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gefrE. " ( Machine learning is programming
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Our goal

« Qutput: spatial-temporal patterns
« Which areas are in the same spatial patterns? (Community)
« What temporal patterns exist in urban traffic? (Rhythm)

« How traffic occurs between spatial patterns with different temporal
patterns? (Relations between community and rhythm)



Our Works



Map road

N - [——
(] s
=
Input: =
Taxi GPS in Beijing Beijing Map |
Lo
Tools: S (=
H—"  Qutput: ~
Time-evolving Prg’.:'m :
Trafic Networks Tenaor

Regularized Non-negative Tensor

el Spatio-temporal
Decomposition patterns



Problem definition

» Origin-Destination-Time tensor

* (i, j, K)-th element: the traffic volume from i-th
origin zone to j-th destination zone in k-th time.

OD network

Time evolving
OD network

Tensor

A ODT tensor



Problem definition

« Decompose the tensor as three projection
matrixes and a core tensor

O projection
Matrix
D projection
Core Matrix

tensor

T projection
Matrix

oDT
tensor




Spatial pattern projection
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Temporal pattern projection

0.012 ey
—e— Pattern 1 1
[ a &~ -&--Pattern 2 |1
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Urban traffic Urban rhythm



Regularized Non-negative Tucker Decomposition

* Basic Tucker decomposition

Core tensor D Matrix

\ 4
Xszo(zdextT

« Obje&iVisfianction {Mptrix T Matrix

. Challeng&@ Ji = X =€ x, 0 xa D x; T|%
« Values in the tensor is very sparse (only 8% non-zero
elements)

 Urban traffic patterns have close relations with urban
context, such as POL.



Regularized Non-negative Tucker Decomposition

 Model urban contextual information

« Assumption: areas with similar POI information
should have the similar urban structure

« Construct area-area similarity matrix

2% o
7 Uj

- Objective ful W vl - [|vs

_id | POlcategory | id] POl category
lfood & beverage Service] 8 | education and culture

jQ = ||W = OOT H%" .li hotel 0 business building
1

scenic spot 10 residence

min i , 2 ;
finance & nsurance 11 living service

j?, — H ‘N/ = DDT ”2 ) corporate business 12 |sports & entertainments
F 6 shopping service 13 medical care

7 |transportation facilities| 14 | government agencies

e —————————————— —




Regularized Non-negative Tucker Decomposition

« Make patterns more explainable
* Non-negative constraints

Llregul ., ¢>00>0D>0T>0

« Core tensor: unly Keep strong interactions

* Projection matrix: make each cluster more meaningful and
enhance uniqueness

+70Cll1 +0[|O]l1 + €[ D1 + £[| T2



Regularized Non-negative Tucker Decomposition

» Final objection function

Model traffic
T =IX € x,0 x4 D x, Tl

Model urban T T 9

contextual + CY“W - 00 H%" +5||W — DD ”F

information (POI) Make results
440l + 6100 + Dl + /Tl
R - czo0zopz0mz0

non-negative

- Human mobility and urban context are jointly
optimized !




Optimization

* Block Coordinate Descent (BCD)
* Alternating Proximal Gradient (APG)

5 5 TN T . , _
(_)—g = 2 (C x.,(OrO) xq (D' D) >-<,('I‘r'l‘)—.«\’x,,oI xqD' x,'l‘l)
(
s f -
07 =2 (0 (€ xa (D™D) x; (T7T)),, € - (X xaDT x. TT) €T,
(
-a(W-007)0)
2 — 2 (D (€ xo (070) x¢ (TTT)), , €Ty — (X x,07 x, TT),, €1
UD__( (€% (OTO) % (TTT)) oy Cly = (X %0 OF 3, TT) . Clop
- 3(W-DD") D)
T ~ . §
o :Z(T(Cx (070) x4 (D'D)),,, €{y — (X x, 0T x4 D"),, c(,))



Experiments



Data

*Beljing GPS data
* GPS trajectory of 20000 Beijing taxies, 2008 and 2012.

» Beljing traffic analysis zones map
« 600 zones in the 5t ring road in Beijing

» Position of Interesting (POI) in Beijing
- 380,000 points




Beijing show case

Spatial patterns

O projection
Matrix

D projection
Core Matrix

tensor

oDT
tensor

/ T projection /
Matrix .
R Relations

Temporal patterns




Temporal patterns

Morning peak
0.012 : , , Evening peak

0.011 | ~e~-Pattern

0.008}
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0.004,

0.002}




Temporal patterns
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Beijing show case

oDT
tensor

Spatial patterns

O projection
Matrix
D projection
Core Matrix

tensor

T projection
Matrix

R Relations

Temporal patterns



Spatial patterns
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Spatial patterns
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Beijing show case
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Where is the center of Beijing?
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