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The connectivity of streets: reach and directional distance

John Peponis, Sonit Bafna, Zongyu Zhang

College of Architecture, Georgia Institute of Technology, 247 Fourth Strect W, Atlanta,
GA 30332, USA; c-mail: john.peponis(@coa.gatech.odu, sonit.bafna@coa. gatech.cdu,
zongyu(@cc.gatech.edu

Reccived 26 July 2006; in revised form 3 April 2007

Abstract. We introduce two measures of connectivity that are applicsble to standand GiShased

ions of street networks. The reach of a point measures the total street length covered by
all paths extending out from that point that are no longer than a given threshold value. The diectianal
distnce of a trect network from a point is measured according to the minimum number of dircction
required to rach any part of the network from that point, consistent with typical measures

changes
used in space syntax. However, our measure of directional roquires no prior commitment as
to the relational clements that make up the network. Any part of the network which is accessible from

observations we also show that the measures can be used to model the effect of spatial configuration
upon movement in ways which compare favorably to standard space syntax.

Introduction

In the most general sense, connectivity is about relatedness. In this paper we discuss
the specific form of relatedness that arises according to the structure of street net-
works. We do not limit the idea of connectivity to some local measure, such as the
number of intersections along a street, or the number of streets that come together at
an intersection; these are best denoted by the term ‘degree’, as it pertains to the node
of a graph representing relationships between elements. The aims of this paper are
twofold. First, to introduce measures of street connectivity that can be computed on
the basis of standard GIS representations of street networks, such as the street center-
line maps that are readily available for all cities in the US Second, to rethink some of
the measures of street connectivity associated with space syntax in a way which takes
into account recent advances in the field, as well as criticisms raised by authors who
have discussed space syntax in this journal in recent years. In addressing these aims we
set the foundations for future research aimed at testing theoretical hypotheses. This
paper is focused upon the definition and clarification of descriptive concepts and their
computational implications. Still, we present the results of a pilot field study indicating
that the new measures postdict the distribution of pedestrian movement as well as
standard syntactic measures. We also discuss the relationship of the new measures
to standard morphological measures used in the literature,

[Peponis et al.’07]

Original Article

Understanding the link between street connectivity,
land use and pedestrian flows

Ayse Ozbil**, John Peponis®* and Brian Stone®

“Department of Architecture, Okan University, Istanbul 34959, Turkey.
il edu.tr

E-mail: ay

yesoitiiiolm ol
“College of Architecture, Georgia Institute of Technology, Atlanta, GA 303320155, USA.
E-mails: gatech.edu; eatech.edu

“Corresponding authors.

Abstract The distribution of pedestrian movement by street segment in three areas in Atlanta is modeled in
relation to measures of street connectivity and land use. Akhough land use accounts for the pronounced

differences in average pedestrian volumes per area, the connectivily of the street network affects the
pedestrians on a street-by-street basis of

Thisstudy

enhances previous findings, particularly those using space syntax, by better controlling for the effects of land
and the independent

use as compared to the effects of street connectivil

network layout. Asserting t ol of

street network design is important given that streets act as the long-term framework within which land uses
aurgenmum:mm?a:mmn;dwqmmymummmacspum»

support
whether it be in

o
the interest of public health, in reducing automobi

pr %
orin supporting vibrant urban communities.

sgubiory
URBAN DESIGN Irtionsd GOLD 16, 125-141 Q010,157 /ud 2011 2: phed online. 16 March 2011
Keywords: street connectivity; pedestiian movement; Atlanta; land use

Introduction: Does the Structure of
Street Networks have dent Effects
on Pedestrian Movement?

The reduction of automobile dependence and
the inducement of non-auto commuting have
emerged as commanly shared Gity planning and
urban design aims. Alang with the ideals of smart
and new urbanism, they are reshaping
urban form across the United States. The studies
of impact of the built environment on individual
travel behavior that are reviewed below have
generally focused on populkition densities, land
use mix and the qualities of urban design. The
latter has often been treated with reference to
the immediate condition of individual streets,
ranging from the dimensions and des
sidewalks to the frontages of retail or the prevail-
ing levels of environmental comfort that may
encourage pedestrian movement (Badland and

Schofield, 2005; Ewing ef af, 2006; Gehl et al, 2006;
Ewing and Handy, 2009). Pedestrian safety, of
course, is also shown to be a major factor in
ical acti (Boarnet et al,
2005). Safe and pleasant conditions encourage
walking (Brown ¢ al, 2007).

presence and walking are contained within a
well-circumscribed enclave (that is, a shopping
mall or a small development)
or directed towards well-defined local destina-
tions (that is, a school or a transit station) and
environments where pedestrian movement is
distributed over er areas, with a mixture of

and varied intersities. it would seem that in order
to understand the latter and design towards them,

201 Macsn i Pull ey 121 575307
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Street network
descriptors
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Urban Analysis

Walters & Brown Southworth &
2004 Ben-Joseph 2003
i Strﬂets&
y HIHLn l hhmhuul
Street ZETJ“%‘qga,-e =
Moughtin Gerling & Kellett
1992 2005
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Feature analysis

City Classification

embedding +
clustering

Extract
street-network
features
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® |Q cities

® 3 scales
e {0.25km?, 1km?, 4km”

® |00 samples

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

- OpenStreetMap ’ Edit | ~ Export
Search Where am 1?7

Export

488633
23284 23752

48.8442
Manually select a different area

Licence

OpenStreetilap data is licensed under the Open Data
Commens Open Database License (ODbL).

Export

Ifthe above exportfails, please consider using one of
the sources listed below:

Overpass AP|
Download this bounding box from a mirror of the
OpenStreethlap database

Planet OSM
Regularly-updated copies of the complete
OpensStreethlap database

GPS Traces
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Maps in XML
format as ReadOSM

‘‘osm’ files

Set of edges
E= {eij}» eij = ViVj

Set of nodes
V = {vl,vz, ...,'UN}
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Feature analysis

City Classification

embEdding + ' —
clustering '

Extract
street-network
features
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Ir il

parsed OSM
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Topological features Geometric features

Valence Total street length
Street density Average street length
Connectivity index Transportation
Intersection density convenience
4-way crossing ratio Redundancy
Metric reach
Travel distance
histogram
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Topological features

Valence

Street density
Connectivity index
Intersection density
4-way crossing ratio
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e Valence (of a junction)

— dead end ty = 1
— T-junction t, =3
— 4-way crossing ¢, =4
— others ty, >4
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e Street density
— # streets per unit area

e Intersection density
— # intersection per unit area (t, > 2)

* 4-way crossing ratio
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e Connectivity index

— how well 1s a network connected?
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Geometric features

Total street length
Average street length
Transportation
convenience
Redundancy

Metric reach

Travel distance
histogram
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e Total street length

 Average street length
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Redundancy (g:)







Travel distance histogram (think shape distribution)
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Feature analysis
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City Classification

embedding +

Extract
street-network
features

parsed OSM
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Inter-city classification

* learn (using SVM) to learn relative weights for the
descriptors
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Intra-city classification
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Feature analysis

City Classification

embedding +
clustering

Extract
street-network
features

parsed OSM
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Support Vector Discriminative

Machine (SVM) Analysis (DA)
Linear Radial Basis Linear Quadratic
Function
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classification type SVML | SVMR | LDA | QDA
multi-class 417 | 413 | 534
Beijing and others 90.2 90.6 | 88.7 | 76.0
Camp Durant and others | 90.2 91.1 | 88.8 | 89.9
Cardiff and others 91:1 91.3 | 83.8 | 84.1
LA and others 88.8 89.0 | 82.0 | 83.0
London and others 90.8 91.2 | 86.6 | 88.4
Moscow and others 89.3 89.1 80.3 | 83.7
NY and others 93.6 947 | 90.7 | 90.5
Paris and others 92.9 932 | 87.2 | 894
Toronto and others 89.0 89.1 67.9 | 66.2
Vienna and others 90.0 90.0 | 746 | 74.0
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e GIST features

e 20-40% performance loss
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Applications
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[Averkiou et al., Eurographics 2014]
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e road width, car/population density
e speed restrictions
e Oone-way roads

e supervised method
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Topological and geometric features
— local and statistical

Classification (10 cities, 100 maps, 3 scales)
— feature importance: Inter and intra city

Applications
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London, September 18 - 21, 2014

Home NEWS Registration Keynote Speakers Contact Speakers People cdlﬁrhpu Submission Workshops Proceedings Pictorama 1 Pictorama 2

List of accepted papers and workshops for AAG2014 now Search AAG2014
available |
Registration for AAG2014 now open

Sponsors
Advances in Architectural Geometry 2014

Piatinum spons
Geometry lles at the core of the architectural design process. It is omnipresent, from the initial Gol ors
farm-finding stages to the final construction. Modem geometnc computing provides a vanety of foois

S

for the efficient design, analysis, and manufacturing of complex shapes. On the one hand this onff)s
up new horizons for architecture. On the other hand, the architectural context aiso poses n §pON8ors
probiems 10 geometry. Around these problems the research area of architectural geometry

Want to bacome a sponsor?
emerged. I is located at the common torder of applied geometry and archvtecture.
Organisers

Advances |n Architectural Geometry /| AAG is 2 symposum where cal al
I j A -
work linked 10 new geometncal developments is presented. This sy 1o the UCL, Dept. of C t6r-S and The B 1

diverse components of the contemporary architectural @den building envelops
towards free form and respond 1o the multiple current d ) olves architects,
enginears, mathematicians, software designers ang ; al connecting reseay

from architectural and engneering practices, acaiems i317y. AAG has become a refefence

the professional field and is supportied ation of the most rencwned architectur.

‘ - Funding

X be held in London from the 18th to 21 r 2014.
TU
WIEN

onaists of two days of presentations of accepted pa , followed by two days of hands-
shops, aliomng participants, teachers, students and prof@Bsionais to leam and expenment
wath new technologies and practices reflected in the themes tackled dunng the symposium:

design and engineenng offices

' evolute.

7\ the geometry experts

The senes of conferences Advances in
Architectural Geometry is coordingted by the
: . ; : i oo association "FAG - Verein zur Firderung der
|Uink 10 the 2008 conference)] |Link to the 2010 conference] |Link to the 2012 angewandien Geometne” registered in Vienna,

canference) Austna.



http://geometry.cs.ucl.ac.uk/projects/2014/whatMakesl ondon/
(code + data available)
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