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Urban	
  Environments
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How	
  do	
  Ci3es	
  Behave?

[SpaceSyntax]
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What	
  are	
  the	
  Good	
  Features?

Paris?	
  

London?	
  

New	
  York?	
  

Moscow?	
  
Hong	
  Kong?	
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Virtual	
  Ci3es

[Bao et al., Siggraph 2013]
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‘Virtual	
  Urbanity’

[Bakolas ’07] [Doerch et al. ’12][Ozbil et al. ’11][Peponis et al. ’07]
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Street	
  Network	
  Analysis

Classification  
and	
    

Retrieval
Discriminative	
  features

Street	
  network	
  
descriptors	
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Analysis	
  Framework

input	
  map	
  data

parsed	
  OSM

Extract	
  	
  
street-­‐network	
  

features

City	
  Classification

Feature	
  analysis
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Analysis	
  Framework

Extract	
  	
  
street-­‐network	
  

features

City	
  Classification

Feature	
  analysis

parsed	
  OSM

input	
  map	
  data
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Data	
  Gathering

• 10 cities	


• 3 scales	


•  	



• 100 samples

Beijing, Camp Durant, Cardiff, London, Los Angeles,  
Moscow, New York, Paris, Toronto, Vienna

{0.25km2, 1km2, 4km2}
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Encoding	
  Street	
  Networks

Maps	
  in	
  XML	
  
format	
  as	
  
	
  ‘.osm’	
  files

ReadOSM

	
   	
  

	
  



What Makes London Work Like London?AlHalawani et al., SGP 2014

Parsed	
  Street	
  Data
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Algorithm

input	
  map	
  data

parsed	
  OSM

City	
  Classification

Feature	
  analysis

Extract	
  	
  
street-­‐network	
  

features
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Street	
  Network	
  Analysis

Topological	
  features Geometric	
  features

-­‐ Valence	
  
-­‐ Street	
  density	
  
-­‐ Connectivity	
  index	
  
-­‐ Intersection	
  density	
  
-­‐ 4-­‐way	
  crossing	
  ratio

-­‐ Total	
  street	
  length	
  
-­‐ Average	
  street	
  length	
  
-­‐ Transportation	
  

convenience	
  
-­‐ Redundancy	
  
-­‐ Metric	
  reach	
  
-­‐ Travel	
  distance	
  

histogram	
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Street	
  Network	
  Analysis
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  features

-­‐ Total	
  street	
  length	
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convenience	
  
-­‐ Redundancy	
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Topological	
  Features
• Valence (of a junction)!

– dead end!

– T-junction!

– 4-way crossing!

– others

tv = 1

tv = 3

tv = 4

tv > 4



What Makes London Work Like London?AlHalawani et al., SGP 2014

Topological	
  Features
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Topological	
  Features
• Street density!

– # streets per unit area!
!

!

• Intersection density!
– # intersection per unit area  !

!

!

• 4-way crossing ratio

(tv > 2)
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Topological	
  Features
• Connectivity index!

– how well is a network connected?  
 

–  

!

–  

tci(G) :=

P
i t

i
v

#nodes

tci(G) � 1.4
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Street	
  Network	
  Analysis

Topological	
  features Geometric	
  features

-­‐ Total	
  street	
  length	
  
-­‐ Average	
  street	
  length	
  
-­‐ Transportation	
  

convenience	
  
-­‐ Redundancy	
  
-­‐ Metric	
  reach	
  
-­‐ Travel	
  distance	
  

histogram	
  

-­‐ Valence	
  
-­‐ Street	
  density	
  
-­‐ Connectivity	
  index	
  
-­‐ Intersection	
  density	
  
-­‐ 4-­‐way	
  crossing	
  ratio
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Geometric	
  Features
• Total street length!

!

• Average street length
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Geometric	
  Features
Transportation convenience 

ttc(p,q) :=
dE(p,q)

dG(p,q)



What Makes London Work Like London?AlHalawani et al., SGP 2014

Geometric	
  Features

Redundancy (gr)
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Geometric	
  Features

Metric reach (think geodesic fan)
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Geometric	
  Features

Travel distance histogram (think shape distribution)
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Bag	
  of	
  Features



What Makes London Work Like London?AlHalawani et al., SGP 2014

Extract	
  	
  
street-­‐network	
  

features

Analysis	
  and	
  Classifica3on

input	
  map	
  data

parsed	
  OSM

City	
  Classification

Feature	
  analysis
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Good	
  Features
Inter-­‐city	
  classifica3on 

• learn (using SVM) to learn relative weights for the 
descriptors 

• top five discriminative features (in decreasing order) !
–  4-way crossing proportion!
–  connectivity index!
–  # valence 4!
–  # valence 3!
–  number of blocks
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Good	
  Features
Intra-­‐city	
  classifica3on 

• top five discriminative features (in decreasing order) !
–  node density!
–  street density!
–  # valence 3!
–  # valence 4!
–  total street length
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Feature	
  analysis

Extract	
  	
  
street-­‐network	
  

features

Classifica3on

input	
  map	
  data

parsed	
  OSM

City	
  Classification
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Support	
  Vector	
  
Machine	
  (SVM)

Linear Radial	
  Basis	
  
Function

Discriminative	
  
Analysis	
  (DA)

Linear Quadratic

City	
  Classifica3on
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Inter	
  Classifica3on
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Precision-­‐Recall
Classifica3on	
  using	
  all	
  versus	
  selected	
  features
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Confusion	
  Matrix
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What	
  is	
  a	
  Good	
  Scale?
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Comparison	
  with	
  Image	
  Features
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Comparison	
  with	
  Image	
  Features

• GIST features!

!

• 20-40% performance loss
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Applications
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City	
  Retrieval
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City	
  Retrieval
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Synthe3c	
  City	
  Genera3on

input

Synthesis	
  
Algorithm

+	
  

Synthesized	
  
layout

target
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Exis3ng	
  Algorithm?

[Averkiou et al., Eurographics 2014]
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Synthe3c	
  City	
  Genera3on
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Synthe3c	
  City	
  Genera3on
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Limita3ons
• road width, car/population density!

• speed restrictions!

• one-way roads!

• supervised method
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Conclusion
Topological	
  and	
  geometric	
  features	
  

– local and statistical!
Classifica3on	
  (10	
  ci3es,	
  100	
  maps,	
  3	
  scales)	
  

– feature	
  importance:	
  inter and intra city!
Applica3ons

Future	
  work	
  



Early registr
ation ends  

July 22
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http://geometry.cs.ucl.ac.uk/projects/2014/whatMakesLondon/

Thank	
  You

(code + data available)

http://geometry.cs.ucl.ac.uk/projects/2014/whatMakesLondon/

