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wWhy Urban Computing

@ 50% of people live in urban areas (just 0.4% of earth surface)
@ The greatest wave of urbanization is coming

Years ago

2010

Belijing



Population City reconstruction Pollution



Why Urban Computing

@ Bigger cities do more with legSrom Scientific American
@ Productive:economy, sciences, and technology
@ Greener: less energy consumption per person
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Understanding

Urbancomputing is emerging as a concept whewerysensor,
device, personvehicle, 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




Differences and Relations

A Smart Cities

I Current citiesA Urban computingd Smart cities
I Unobtrusively sensing (Leveragmbat we alreadyhave)

A Internet ofloT

I Infrastructure connecting objects
I Lack ohumanandsocial

A Cloud Computing

I Technology and platform
I Many urban computing scenarios can be built on the Cloud



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

XD
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GPS trajectories of 33,0a@xis in2009, 2010, and 2011
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] The Mexico city Mexico 103,000
Bangkok Thailand 80,000
Seoul South Korea 73,000
Beijing China 67,000
Tokyo Japan 60,000
6 Shanghai China 50,000
New York City USA 48,300
“ BuenosAires Argentina 45,000
“ Moscow Russia 40,000
St.Paul Brazil 37,000
Tianjin China 35,000
Taipei Taiwan 31,000
New Taipei City Taiwan 23,500
Singapore Singapore 23,000
Osaka Japan 20,000
Hong Kong China 18,000
Wuhan China 18,000
London England 17,000
Harbin China 17,000
Guangzhou China 16,000
Shenyang China 15,000
Paris France 15,000
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Finding Smart Driving Directions
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Anomalous Events Detection

Passenger£abbie Recommender system
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Urban Computing for Urban Planning
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Fundamental Algorithms

@ Map-matching
@ Map segmentation
@ Stay point detection



Map-matching

A Project a trajectory onto a road network

A A fundamental step in many transportation applications
I Navigation and driving
I Traffic analysis
I Taxi dispatching and recommendations

YinLou,Chengyan@hang,YuZheng.Map-Matching for LowSamplingRate GPS TrajectorieACMSIGSPATIAL 1809
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Map-matching

A Challenges (lowwampling rate)
A Solution

I Consider both local and global information
I Incorporating both spatial and temporal features
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YinLou,Chengyan@hang,YuZheng.Map-Matching for LowSamplingRate GPS TrajectorieACMSIGSPATIAL 1809
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Map-matching

A Basic Solution
I Find candidate road segments for each GPS point
I Calculate local and global features
I Dynamic programing
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Map-matching

A Advanced solution

I Mutual influence
I Weighted influence
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JingYuan,Yu Zhenget al. An InteractiveVoting based Map Matching Algorithoin MDM 2010.



http://research.microsoft.com/apps/pubs/?id=121065
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Map Segmentation

A Partition a map into disjoint regions
A Three possible methods
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(a) Grid-based (b) Hierarchy-based (c) Morphology-based

Nicholas Jing Yuan, Yu Zheng, XingS¢igmentation of Urban Areas Using Road Netwdi&RTR201265. 2012.



http://research.microsoft.com/apps/pubs/?id=168518

Heat Maps of Beljing (2011)
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Nicholas Jing Yuan, Yu Zheng, XingSégmentation of Urban Areas Using Road NetwdI&RTR201265. 2012



http://research.microsoft.com/apps/pubs/?id=168518

Map Segmentation

A Morphologybased segmentation method
I Represent a road network with a raster model
I Dilation
I Thing
I Connected component labeling

(a) Before dilation (b) After dilation
' (a) After 7 iterations (b) Until convergence

Nicholas Jing Yuan, Yu Zheng, XingS¢igmentation of Urban Areas Using Road Netwdi&RTR201265. 2012.



http://research.microsoft.com/apps/pubs/?id=168518

Stay Point Detection

A Stay point:

I A location where an individual has stayed for a while (t) within a
distance threshold (d)

I Carry semantic meanings than other points
I Does not only mean remaining stationary
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A) Visiting a shopping mall B) Walking along a beach C) Traveling around a landmark




Stay Point Detection

A Applications

I Modeling human location history or human mobility
I Parking place detection

A Stay Point S




Stay Point Detection

A Solution

I A sort of density based clustering
I Two thresholds: tand d
I Two version presented in two papers
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Quannan LiYu Zhenget al. Mining user similarity based on location histolyCMSIGSPATIAL GIS 2(
Jing YuanYu Zhenget al, Where to Find My Next Passenget?hiComp2011
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Finding Smart Driving Directions
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Driving Directions Based on Taxi Traces

Diving Direction Based on Taxi Trajectories

@ 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 Trajectones

Driver A Driver A Driver B
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