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My Research Background 

Computing with Spatial Trajectories 

Location-Based Social Networks Urban Computing 



Whatôs Urban Computing 

 

Urban computing is emerging as a concept where every sensor, 
device, person, vehicle, building, and street in the urban areas 
can be used as a component to sense city dynamics to enable a 

city-wide computing to tackle the challenges in urban areas as so 
to serve people and cities. 

Urban 
Computing 

Understanding 

Mining 

Sensing 

Improving 



Key Features 

ÅSensing city dynamics 
ï Unobtrusively, automatically, and constantly 

ï A variety of sensors: Mobile phones, ǾŜƘƛŎƭŜǎΣ ŎŀƳŜǊŀǎΣ ƭƻƻǇǎΣΧ 

ï Human as a sensor: User generated content (check in, photos, tweets) 

 

 

ÅComputing with heterogeneous data sources  
ï A synergy of various data and discovery of collective knowledge 

ï Geospatial is a unique and strategically important dimension  

ï Geospatial, temporal, social, text, ƛƳŀƎŜǎΣ ŜŎƻƴƻƳƛŎΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭΣΧ 

 

 

ÅBlending the physical and virtual worlds 
ï Serving both people and cities (virtually and physically) 

ï Hybrid systemsΥ aƻōƛƭŜ Ҍ /ƭƻǳŘΣ ŎǊƻǿŘ ǎƻǳǊŎƛƴƎΣ ǇŀǊǘƛŎƛǇŀǘƻǊȅ ǎŜƴǎƛƴƎΧ 



City Dynamics 

Scope 
Traffic flow 
Human mobility 
Energy consumption 
Environment 
Economic  
Populations  
ΧΧ 

Data available 
Mobile phone signal 
GPS traces of vehicles and people 
Ticketing data in public 
transportation systems 
User-generated content 
Transportation sensor networks 

Camera and loop sensors 
Parking lots 

Environmental sensor network 
Air quality 
Temperature 
Radiation 

Transaction records of credit cards 
ΧΦ 



 

Beijing road networks 2009-2011 

2011: 121,771 nodes and 162,246 segments, 19,524km 

32 km 

40 km 



POI Data (2007 ς 2012) 



 



 

tŜƻǇƭŜΩǎ ƭƻŎŀǘƛƻƴ ƘƛǎǘƻǊȅ όǘǊŀƧŜŎǘƻǊƛŜǎύ ƛƴ .ŜƛƧƛƴƎ 



 

GeoLife GPS Trajectories 



 

Check-in data 



GPS trajectories of 33,000 taxis in 2009, 2010, and 2011 





Heat Maps of Beijing (2011) 



Finding Smart Driving Directions 

!/a {LD{t!L¢![ DL{Ωмл ōŜǎǘ ǇŀǇŜǊ ǊǳƴƴŜǊ-ǳǇΣ Y55Ωмм 

Anomalous Events Detection Y55Ωмм 

Passengers-Cabbie Recommender system 

¦ōƛŎƻƳǇΩмм 
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¦ōƛŎƻƳǇΩмм .Ŝǎǘ ǇŀǇŜǊ ƴƻƳƛƴŜŜ 

Discovery of Functional Regions 

Y55Ωмн 

Route Construction from Uncertain Trajectories  (a)

(b)

(c) (d) (e)

Y55Ωмн 



Finding Smart Driving Directions 



Driving Direction Based on Taxi Trajectories 

A time-dependent, user-specific, and self-adaptive 
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 runner-up award and a publication on KDD 2011 



Driving Direction Based on Taxi Trajectories 
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Driving Direction Based on Taxi Trajectories 

14:00 

Driver B 

14:00 

Driver B 

[ƻƎ ǳǎŜǊ .Ωǎ 
driving routes 
for 1 month 



Motivation 

Taxi drivers are experienced drivers 

GPS-equipped taxis are mobile sensors 

GPS logs imply the drive behavior of a user 

Human Intelligence + Traffic patterns Drive behavior 



System Overview 
Service providing

1. Send a query 

Q=(qs, qd, t, Ŭ)

Weekend

Severe weather

Weekday

3. Route downloading

4. Logging the 

real travel with 

a GPS trace

5. Learning 

new Ŭ

2. Route 

computing Offline 

mining

Online 

inference

Real-time 

taxi trajectories
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Knowledge discovery
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Offline Mining 

Intelligence modeling Data sparseness 

 
Low-sampling-rate 

Challenges 

 



Offline Mining 

Detecting landmarks 
A landmark is a frequently-traversed road segment 

Top k road segments, e.g. k=4 

Building landmark edges 
Number of transitions between two landmark edges > ‏ 

E.g., ‏ ρ 
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Mining Taxi Driversô Knowledge 

C) Distributions of travel time
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Learning travel time distributions for each 
landmark edge  

Traffic patterns vary in time on an edge 

Different edges have different distributions 



Reported by MIT Technology Review Twice, featured once 



Results 

Å More effective  
Å 60-70% of the routes suggested by our method are faster than Bing and Google Maps. 

Å Over 50% of the routes are 20+% faster than Bing and Google.  

Å On average, we save 5 minutes per 30 minutes driving trip. 

Å More efficient 



Urban Computing for Urban Planning 



Urban Computing for Urban Planning 

Goals 
City-wide traffic modeling 

Evaluate city configurations 

Suggest potential improvement to city planners 

Identify root causes of the problem 

Datasets  
Taxi trajectories: March to May, 2009, 2010, 2011 

Beijing maps 2009, 2010, 2011 

 

 

Best paper nominee in UbiComp 2011 



City-Wide Traffic Modeling 

Partition a city into regions with major roads 

Regions are root causes of the problem 

 


