Urban Computing With City Dynamics

http://research.microsoft.com/enus/projects/urbancomputing/default.aspx

Dr. Yu Zheng

L ead Researcher
Microsoft Research Asia



http://research.microsoft.com/en-us/projects/urbancomputing/default.aspx
http://research.microsoft.com/en-us/projects/urbancomputing/default.aspx
http://research.microsoft.com/en-us/projects/urbancomputing/default.aspx

My Research Background
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LocationBased Social Networks Urban Computing

Computing with Spatial Trajectories



Sensing

What 6s Ur ban Umlrp\‘

Improvmg

a

Understanding

Urbancomputing is emerging as a concept whewerysensor,
device, persoynvehicle, building, and street in the urban areas
canbe used asa componento sensecity dynamicgo enable a
city-wide computing to tackle the challenges in urban areas as s
to servepeopleand C|t|es




Key Features

A Sensingity dynamics
I Unobtrusively, automaticallynd constantly SN ] L
i Avariety of sensorvobilephones @S KA Of Sa s OSSN 5 f
I Humanas asensor:User generated@ontent(check in, photos, tweets

A Computing with heterogeneous data sources

I A synergy of varioudata and discovery of collective knowledge
I Geospatialis a unigue and strategically important dimension )

A Blending the physical and virtual worlds

I Serving both people and cities (virtually and physically)
i Hybridsystem¥ a20AfS b [/ f2dzRE ONRGR &2 dzN.




City Dynamics

@ Scope

e € © & &0 e

Traffic flow

Human mobility
Energy consumption
Environment
Economic
Populations

X X

@ Data available

-
-
-

Mobile phone signal

GPS traces afehicles and people
Ticketingdata in public
transportationsystems
Usergenerated content
Transportation sensor networks

@ Camera and loop sensors
@ Parking lots

Environmental sensor network
@ Air quality
@ Temperature
@ Radiation
Transactiorrecords of credit cards
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Beijing road network2009-2011 -y, Ei s AT Fh lj !
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1 LR 2011: 121,771 nodes and 162,246 segmeh®524km
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Checkin data
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GPS trajectories of 33,008xis in2009, 2010?“a\nd|2011
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Heat Maps of Beljing (2011)
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iInding Smart Driving Directions
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Driving Directions Based on Taxi Traces

Diving Direction Based on Taxi Trajectones

@ Atime-dependentuserspecifiG andselfadaptive
driving directions service using
@ GPS trajectories of a large number of taxicabs
@ GPS log of an end user

Physical Routes Traffic flows Drive behavior

ACM SIGSPATIAL GIS 2010 best paper rupreavard and a publication on KDD 2C
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Driving Directions Based on Taxi Traces

Dnving Direction Based on Taxi Trajectonies

Driver A Driver A Driver B
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Driving Directions Based on Taxi Traces

Diving Direction Based on Taxi Trajectones

Driver B
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Motivation
@ Taxi drivers arexperienceddrivers

@ GP&quipped taxis arenobile sensors
@ GPS logs imply thédrive behaviorof a user

LdLa
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Humanlintelligence+ Traffic patterns

Drive behavior




System Overview

Physica world

@7 -Drive

Driving Directions Based on Taxi Traces

Service providing Knowledge discovery
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Offiine Mining

@ Challenges

@ Intelligence modeling

Banbidian, )
‘Gaobalta

Guanyinta

18th Ave S

@ Data sparseness
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Driving Directions Based on Taxi Traces

@ Lowsamplingrate

S Massachusetts St

22nd Ave S

S Grand St

S Holgate St

S Plum St



Offline Mining

@ Detecting landmarks

@ Alandmark is a frequentiyraversed road segment
@ Top k road segments, e.g. k=4

@ Building landmark edges
@ Number of transitions between two landmark edgés >
“Egl p

A) Matched taxi trgjectories  B) Detected landmarks C) A landmark graph
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Driving Directions Based on Taxi Traces

Mi ni ng Taxil Drilver s
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C) Distributions of travel time

1

1

@ Learning travel time distributions for each

landmarkedge
@ Traffic patterns vary in time on an edge
@ Different edges have different distributions






N

Driving Directions Based on Taxi Traces

Results

A More effective
A 60-70%o0f the routes suggested by our method are faster than Bing and Google Maps.
A Over50%of the routes are20+%faster than Bing and Google.
A On average, we saeminutes per 30 minutes driving trip.

A More efficient
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Urban Computing for Urban Planning




Urban Comyputing for Urban Planning

@ Goals

@ Citywide traffic modeling

@ Evaluate city configurations

@ Suggest potential improvement to city planners
@ |dentify root causes of the problem

@ Datasets

@ Taxi trajectories: March to May, 2009, 2010, 2011
@ Beijing maps 2009, 2010, 2011

Best paper nominee ibiComp2011



City-Wide Traffic Modeling

@ Partition a city into regions with major roads
@ Regionsareroot causes of the problem
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