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INTRODUCTION




Theoretical Framework

Bill Hillier's theories of:

“natural movement” - how urban space
shapes flows

the “movement economy” - how land uses
exploit movement

“pervasive centrality” - how cities create
multiple centres and overlapping
neighbourhoods &

the “dual grid” - how the foreground &
background street networks interrelate...

Bill Hillier Julienne Hanson

Space is the machine
Bill Hillier

A configurational theory
of architecture

Space Syntax
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Edited by Laura Vaughan, John Peponis
and Ruth Conroy Dalton
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SPACE SYNTAX TOOLKIT




Space Syntax Toolkit

In
@ QGIS-LTR Project Edit View Layer Settings m Vector Raster Database Web Mesh Processing Window Help s = L] @@ Wed21:40 Abhimanyu Acharya Q Pl.a

‘ece T T 2. orkspace — QGIS ‘ Labs
DL@@=§ @Q’ﬁﬁﬂ; @_Python Console Y%PE@ @X@%}EE'I';I 'm'

R@V.ZW M 4y - = g g ® 2
e - 0 g:‘::v nn"' 12 > px v | % @' X K~ IR
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Browser =]
Ve nevme
'3 5.¢ Favorites =
ﬁ] » [% Project Home Plugins | Not installed (735)
» I® i E

’3 y @ 3‘;?:;' Bookmarks A Al ‘ Q. space syntax toolkit &«

[+ r O/ o] 4+ Space Syntax Toolkit m
f » [ /Volumes k3 Installed Spa ce Syl'lta)(

%» GeoPackage ) -
m ; SpatiaLite S Not installed TOO"(It

@ PostGIS Py
@ - »wmssa »: > DEeliEm Collection of tools for space syntax
@ B é Oracle # - analysis workflows in a GIS environment.
DB2
%a @ WMS/WMTS The “Space Syntax Toolkit” is a QGIS plug-in offering
EH Vector Tiles user friendly space syntax analysis workflows in a GIS
@ . v 5 XYZ Tiles = environment.
It provides a front-end for the depthmapX software

Vo . Layers @& within QGIS, for seamless spatial network analysis.

(3] Furthermore, it includes tools for urban data

« @@ T &E-F XL
v | | [l SPM_to verify
GIS_102_0SM_model_vehicular_cl_u
» Y/~ GIS_102_0SM_model_vehicular cl_seg
il OSM model
[ Land use
[l Catchment
= OpenStreetMap

management and analysis, namely land use, entrances,
frontages, pedestrian movement, road centre lines, and
service areas.

Originally developed at the Space Syntax Laboratory, The
Bartlett, UCL, the plugin includes contributions from
Space Syntax Limited.

Mailing list: spacesyntax-toolkit@jiscmail.ac.uk

Nanandanciac: Ear natuinrls anashicic ramiiras
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Install Plugin
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Space Syntax Toolkit

‘e0e@ *GIS_102_Workspace — QGIS
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Browser =]
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» e UF? :*" - 1. Graph Analysis
= » [% Project Home 2. Attribute Explorer
ﬁ;‘; » [I" Spatial Bookmarks .
g | [ Home 3. Drawing Tool
/; ) oumes 4. Road Network Cleaner
eoFackage
) odoing 5. Network Segmenter
@ PostGIS
R »wmssa 6. Catchment Analyser
@ @om 7. Urban Data Input
G | @ wuswwrs 8. Gate Transformer
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- GIS_102_0SM_model_vehicular_ cl_u
» 'ﬂf' GIS_102_0SM_model_vehicular_cl_seg
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[l Land use
[l Catchment
= OpenStreetMap
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Space Syntax Toolkit

\—

M

Graph Analysis
Performs Space Syntax analysis by
remotely connecting to Depthmap

Attribute Explorer
Visualise results of the analysis and
explore basic statistics

Drawing Tool
Change snapping settings to draw
Axial, Segment Lines and Unlinks

Road Network Cleaner
Tool to help simplify OpenStreetMap

Road layer to Space Syntax Segment

Maps

Network Segmenter
Segment Axial maps into Segment
Maps

Catchment Analyser

Performs Metric catchment analysis.

Cost variable can be changed.

Urban Data Input
Create Land use, Frontage and
Entrance Data

Gate Transformer
Perform Geometric transformations
of geometries
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SPACE SYNTAX ANALYSIS




Spatial Analysis

In
what will we analyse? What is the scale of analysis? ﬁf@
1. Basic features of each street: length 1. Radius ‘N’: understanding the connectivity
of street, number of connections to of a street segment to the whole of the rest
other streets of the system (city-wide hierarchy)
2. Integration: depth or ‘closeness 2. Choose radii: understanding the
centrality’ of each street to all the connectivity of a street segment to all other
other streets at different radii, also street segments within a given radius
known as to-movement according to your research question
3. Choice or betweenness: extent to * Local movement and walking 400m — 2km
which streets are likely to be chosen » Larger scale city-wide movement
as through routes from one part of (vehicular, cycling) 10km
the system to the next, also known « Region or country-wide movement 100km

as through-movement potential
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Spatial Analysis

Network properties of street systems

Property 1

Streets have
differential
accessibility

Some streets are
easier to get to from
everywhere else —
they are better
‘integrated’

Some streets are
more useful

in hosting through
movement — they are
known as having a
higher choice or
betweenness value

Property 2

Cities have a dual
system of streets

Cities have an
integrated system
comprised of a
'foreground network'
supported by a
'background
network’ of streets
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Property 3

Movement happens
at different scales —
which overlap to
produce urban
vitality

It is overlapping
layers of local and
place-wide
movement which
creates ‘centrality’ at
different scales and
a sense of “place”.
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Property 1: Accessibility measures

In
Two key measures: i}f@

* ‘Depth’ or ‘integration’ or ‘to-movement potential’ (in broader
network theory referred to as closeness centrality)
How central a street or space is in an urban system?

 ‘Choice’ or ‘through-movement potential’ (or betweenness
centrality)
How likely a street or space is to be moved through as people
go from one point to another within the system?




Property 1: Accessibility measures

In
Types of Analysis ﬁf@

Highlights the

This: routes most
highlights used to move
central ‘through” the
areas. city.
Highly | Often
niegrated Integration or “closeness” ¥ Choice or “betweenness” = = idtentitﬁes high
. N : - streets.
centrality . centrality .
Space Syntax © 2024 Space Syntax © 2024
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Property 1: Accessibility measures

Integration

Closeness centrality “Integration”

Based an idea of spatial configuration
and spatial 'depth’.

Highlights the principal commercial
centre of the city and where people
move ‘to’.

But cities also consist of multiple
smaller centres where local grid
identification and structure heightens
accessibility.

“To” movement
High

i

Low

Space Syntax © 2024

Co-funded by

the Eureopean Union




Property 1: Accessibility measures

Betweenness centrality “Choice”
Betweenness centrality “Choice” \.\9

&
o R
Highlights the routes most %4
used to move ‘through” the \ e
City. ~ I,
Often identifies high streets.
p
) oA
“Through” movement )
High -
== Low

Space Syntax © 2024
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Property 2: Dual System of streets

In
Spatial networks typically combine a well-connected “foreground” ﬁh{’ Pabs

and a less well connected “background”
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Property 3: Scales of Movement

Movement happens at
different scales

— and the overlap between these different scales of movement
creates ‘pervasive centrality’
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PROCESSING USING
SPACE SYNTAX TOOLKIT




Space Syntax Toolkit

In
Workshop requirements ﬁf@

Please install the following:

1. QGIS 3 (preferred version) or
QGIS 2.18.18

2. DepthmapXnet (Please note that this is different from DepthmapX):
http://archtech.gr/varoudis/depthmapX/?dir=depthmapXnet

3. Space Syntax Toolkit:
https://qgithub.com/SpaceGroupUCL/qqgisSpaceSyntaxToolkit/wiki/Installation

Any issues please refer to:
https://qgithub.com/SpaceGroupUCL/qqgisSpaceSyntaxToolkit/issues

Co-funded by
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http://archtech.gr/varoudis/depthmapX/?dir=depthmapXnet
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Space Syntax Toolkit
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@ PostGIS Py
@ - »wmssa »: > DEeliEm Collection of tools for space syntax
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DB2
%a @ WMS/WMTS The “Space Syntax Toolkit” is a QGIS plug-in offering
EH Vector Tiles user friendly space syntax analysis workflows in a GIS
@ . v 5 XYZ Tiles = environment.
It provides a front-end for the depthmapX software

Vo . Layers @& within QGIS, for seamless spatial network analysis.

(3] Furthermore, it includes tools for urban data
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il OSM model
[ Land use
[l Catchment
= OpenStreetMap

management and analysis, namely land use, entrances,
frontages, pedestrian movement, road centre lines, and
service areas.

Originally developed at the Space Syntax Laboratory, The
Bartlett, UCL, the plugin includes contributions from
Space Syntax Limited.

Mailing list: spacesyntax-toolkit@jiscmail.ac.uk

Nanandanciac: Ear natuinrls anashicic ramiiras
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Space Syntax Toolkit
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Space Syntax Toolkit

\—

M

Graph Analysis
Performs Space Syntax analysis by
remotely connecting to Depthmap

Attribute Explorer
Visualise results of the analysis and
explore basic statistics

Drawing Tool
Change snapping settings to draw
Axial, Segment Lines and Unlinks

Road Network Cleaner
Tool to help simplify OpenStreetMap

Road layer to Space Syntax Segment

Maps

Network Segmenter
Segment Axial maps into Segment
Maps

Catchment Analyser

Performs Metric catchment analysis.

Cost variable can be changed.

Urban Data Input
Create Land use, Frontage and
Entrance Data

Gate Transformer
Perform Geometric transformations
of geometries
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Space Syntax Toolkit Overview

SSX Toolkit

Modelling Network Visualisation e _ Input Data
Catchment Analysis

| Road ﬁraph %Attribute .Catchment |lrhar1 Data
Cl Network nalysis Explorer Analyser In nput

Cleaner

. Network ransformer

Segmenter
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Processing using QGIS SSx Toolkit Graph Anaysi

Data store SF: Technical session 1 In
Steps for processing the model ﬁf@
FEEEC R e '

How to process a segment model

Verify layer Idepthmap)( remote I

Use Graph Analysis in Space Syntax Toolkit. ' O Axial ® Segment Settings
Remember to open depthmapXnet in the background to process a model. Radius: [
Graph Analysis Welght: |id
Performs Space Syntax analysis by remotely connecting to Depthmap Output table: |london_spm_ex_seg_analysis
| 0% Cancel
Select the segmented model for processing @ Advanced Settings X
Calculate full set of measures
Tick Segment map or road centre line. 71 Calonlate choice
Under the depthmapX remote tab, a Segment option will be activated. '
V| Calculate NACH and NAIN
Put radii in Radius section. Radius type:  [Metric
Stubs removal % |40
Recommended radii for urban analysis: | OK || Cancel

400, 800, 1200, 1600, 2000, 3000, 5000, 10000

Name the output layer

Press Calculate. Do not close depthmapXnet while processing the model

Download depthmapXnet...

Co-funded by
the Eureopean Union




Processing using QGIS SSx Toolkit

Visualization of the results

() Layer Properties — london_spm_ex_seg_analysis — Symbology x
. ] ESingIeSymel v
When the model is processed, apply a style. @ nformation v = Line &
== Simple Li
"};} Source mple Hne
"Symbology
Right click on the processed model layer to open Properties. € Labels
€O Masks
2. Select Symbology tab and under style click Load Style % 30 View Unit Millmeters -
o Opacity - 11000% =
y Diagrams Color -
3. Apply the SSx standard colour range. i Fecs
Width | 1.00000 HKER
E Attributes Form
Joins < Favorites a v |84
ﬁ Auxiliary Storage
@ Acions [ LR T T o =
, Display
@.’ Bl dash black dash blue dash green dash red effect emboss effect neon
a Temporal
Variables
a M=EREE SRS & e line  simple green line  simple red line  topo mainroad  topo railway
) Load Style...
ﬁ Dependencies
Save Style...
[zgzEme Save as Default
& qgls server Restore Default -
ﬂ Digitizing Add.. Save Symbol... | Advanced ¥
Rename Current...
e default
Style " oK Cancel Apply Help
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Processing using QGIS SSx Toolkit

QGIS SSx Toolkit Catchment Analyser
TR o o

Using the tool, to produce the Metric Catchment Analysis
from various points of interest. The analysis uses the street network to assess
which parts of the city are within a specific distance from the points of interest POI
(land use, infrastructure, transport node etc).

The network layer should be the cleaned segment model.

The network cost should be length.

The origin layers need to be a point geometry type to run the metric catchment
analysis.

Process metric catchments: 400,800,1200 and 2000.
For the output layers, always save to shapefile.

Tick Load Polygons and Run.

In
Labs
Transport attraction Walking distance from site
\ Station Walking time (min)
Moorgate 4
Barbican 5
Farringdon 7
(Elizabeth Line)
Liverpool Street 8
—
\ Metric distance (m)
\ Barbican v “e\ T and walking time (min)
> - . $oen — 1,200-2000m 25min walk
fg'..?,@, o B N = 1,000~ 1,200 m 15::n ka
Smithfield \o0® 800 - 1,000 m
Market 600~ 800 M 10min walk
400~ 600 m
200- 400m  5min walk
~ — 0- 200m
N%%s Origin  Site
NV R © Elizabeth Line
Gre, %G;::;an & DR
© Underground
0 200, "400m Stpaul Sheapsi 2= Railway station
= Site
Example metric catchment analysis Space Syntax © 2024

Note: You may need to revert to a previous version of QGIS for the Catchment Analyser to work.
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UNDERSTANDING OUTCOMES




Outcomes: Street systems and urban performance

Interpreting results and using SSx toolkit in planning

The impact of
spatial layout

Movement Land use Economic Carbon Emissions
vitality and Health and well-being
Land value Space Syntax © 2024
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Movement

HOW Spatial accessibility shapes movement Pedestrian movement All-day average
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Land use and economic vitality

In
How spatial networks shape the location of economic activities ﬁf@

P T SR e N
" < \‘ ’ o "\’ ” P , ",‘ RS
DY, = £\ e o0 ‘ e @

2, Q "v\ ‘g :é ; ",‘vto' s 9
NV RERT T K t "'(‘?':Q‘
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ol Saw A 5 N
\§ _!.":-.":= viaAP :‘“\ D¢ A SR 34
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'»o.".' "‘4"“\ \J}‘\‘e ol “ D &

“ 2
/ I o B8 \& P ua' “‘\
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A - \" 1 = PR
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Outcomes: Example

In
Using SSx Toolkit to test design ideas i}f Labs

Option one

Option testing

== L
~<Eq\,
.= . o, ]
The pattern of spatial accessibility = TR | - ‘ " gy~ ,
created in option two is very strong: — PR (= " 77 “
Proposed plan Spatial accessibility at a local scale Land use
It works with existing spatial Option two

hierarchies, is well integrated with
the surrounding context, and
connects spaces with high levels of
existing movement.

Proposed plan
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COMPLEX OUTCOMES




Understanding Complex Outcomes

In
Layering spatial network with other forms of data to answer i}f@
complex questions

IUM: Integrated Urban Models

Other variables?

Walkability Index/model:
 Where do more people walk?
« Combining analysis of the street networks with other local factors - land use,

ground floor frontages and public transport

Car Dependency Model:

« Car ownership

« Do | need a car to access job opportunities/green areas?
» Access to public transport?

Co-funded by
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Understanding Complex Outcomes

In
Examples: Maps as a tool for combining datasets i}f@

 LINE: Local Insights
Explorer

https://spacesyntax.emu-

analytics.net

LINE is a web-based
mapping tool, accessed
through a browser. Powered
by Space Syntax data and
analysis, LINE explains how
the built environment enables
daily activity and has been
developed for use in the
public sector.

< C @

LOCATION INSIGHTS

EXPLQRER

ADD NEW LAYER

VIEW MAP

Space Syntax

Space Syntax LINE tool

emu-analytics.net > Lon & =

& CN J-:g/ \

< N5 N

B T
oA J":»‘- g
O Y <
SN T

R ‘;’f.ta "‘fﬂg‘;’. ‘

A
T NN

In this case
identifying
opportunities for
behavioural
change
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https://spacesyntax.emu-analytics.net/
https://spacesyntax.emu-analytics.net/
https://spacesyntax.emu-analytics.net/

Understanding Complex Outcomes

Examples

« Active Travel Explorer:
https://spacesyntax.com/activet
ravelexplorer/
https://spacesyntax.com/HERE/

It helps users understand how the
built environment enables or inhibits
daily activities such as walking or
cycling.

Web tools developed with IUM
Applying urban planning strategies:

ActiveTravel Explorer 4

Local Authority

DevonCC B

Key questions Explore the data
1. Objectives +
3. Active Travel Potential +

Where does the city support walking and
cycling?

Show
Active Travel infrastructure
Public Travel infrastructure
Output Area boundaries
Roads

Export

Further information

ActiveTravel Explorer
Resources
Space Syntax

Walkability index

Buildings have been shaded according to the mix of land
uses they can access within 10 minutes by moving through
the street network.

Sources: 2020 Space Syntax Integrated Urban Model
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https://spacesyntax.com/activetravelexplorer/
https://spacesyntax.com/activetravelexplorer/
https://spacesyntax.com/HERE/

Understanding Complex Outcomes

Examples

« HERE: Healthy
Environment Risk Explorer
https://spacesyntax.com/HERE/

It helps users understand links
between built environment design
and health outcomes, to take
targeted actions to address them.

In
Web tools developed with IlUM 1}?@
Applying urban planning strategies:

Respiratory lliness LA "‘Q

Public Transport within 15 minutes
Congestion Risk Map

Public Transport accessible in 15 minutes walk, measured
Congestion Contributing Areas A by calculating the number of Public Transport stops/stations
within a 15 minute walk from every property moving through -~

Congestion Risk Map (Building)

Congestion Contributing Areas (Building)

Environmental Characteristics
Primary Schools

Green Space

Jobs within 15 minutes

Retail Services within 15 minutes

Public Transport within 15 minutes

Socio-Economic Characteristics
Income Deprivation

Index of Multiple Deprivation

Vehicular Trips
AM Inbound

AM Outbound

PM Inbound

Co-funded by
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https://spacesyntax.com/HERE/

Resources and online support

° ° O This repository Pull requests Issues Marketplace Gist
SSX Toolkit Github
.oo I I u [] SpaceGroupUCL / qgisSpaceSyntaxToolkit @Unwatch~ 11 % Star 24  YFork 11
re p o s I to ry <» Code Issues 53 Pull requests 0 Projects 0 Wiki Insights =
Space Syntax Toolkit for QGIS

httpS //Qlth ub.co m/S pa CeG foup U CL/ ® 168 commits ¥ 6 branches © 13 releases 222 contributors 4 GPL-3.0
ggisSpaceSyntaxToolkit

Branch: master = New pull request Create new file  Upload files  Find file Clone or download ~
’jorgegil committed on GitHub Update README.md Latest commit 9876824 17 seconds ago
I documents replaced exercises 5 hours ago
| esstoolkit sample data update with v0.2.0 14 hours ago
B sample_data sample data update with v0.2.0 14 hours ago
[£) .gitignore help updates 20 days ago

LICENSE.txt metadata and license update a year ago
[£) README.md Update README.md 17 seconds ago
README.md

Space Syntax Toolkit for QGIS

News

03.07.2017 - SST workshop at the 11th International Space Syntax Symposium, in Lisbon, Portugal
30.06.2017 - SST 0.2.0 has been released, including several new modules.

06.11.2016 - For the latest information on the Space Syntax Toolkit you should now consult the Wiki and its FAQ.

Co-funded by
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https://github.com/SpaceGroupUCL/qgisSpaceSyntaxToolkit
https://github.com/SpaceGroupUCL/qgisSpaceSyntaxToolkit

Resources and online support

Pull requests Issues Marketplace Gist

SSX Too I kit issues [ SpaceGroupUCL / qgisSpaceSyntaxToolkit @ Unwatch~ 11 W Star 24  YFork 11

Code @ Issues 53 Pull requests 0 Projects 0 Wiki Insights ~

https://qithub.com/SpaceGroupUCL/ Fiters - | . iissus sopen Labeis  Miestones

ggisSpaceSyntaxToolkit/issues © 550pen + 104 Olones o e P

Milestones - Assignee~ Sort ~

@ RCL Cleaner results fail to load if memory layer name is changed [ 31
#1162 opened 2 days ago by Anafi

(@ FeatureRenderer deprecation warning ! Attribute Explorer
#161 opened 2 days ago by jorgegil

@ Cancelling analysis does not stop depthmapX process [J] Graph Analysis
#153 opened 20 days ago by jorgegil

(@ Update wiki for segment/rcl options enhancement Graph Analysis
#150 opened 20 days age by jorgegil

@ Features suggestion: order of columns and short names enhancement Graph Analysis D2
#142 opened on Dec 10, 2016 by rtsaboya
@ MMD in Qgis Graph Analysis [l D2

#137 opened on May 13, 2016 by mariarosalia

(D Statistics and charts do not consider layer filters [I Attribute Explorer enhancement
#134 opened on Jan 26, 2016 by jorgegil

@ Interface appears docked on the QGIS main window 7] General
#132 opened on Dec 12, 2015 by jorgegil

(' Update user manual to explain CRS limitation | enhancement Graph Analysis
#131 opened on Nov 12, 2015 by jorgegil

(O Failed to Import Analysis Results (Mac OSX) 7] Graph Analysis [T o] s
#129 opened on Oct 22, 2015 by JJFriesen

@ Allow the use of geographic CRS enhancement Graph Analysis 1
126 opened on Sep 15, 2015 by jorgegil
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Resources and online support

( ’ This repository Pull requests Issues Marketplace Gist
° ° °
S SX I oo I kl t WI kl I-) SpaceGroupUCL / qgisSpaceSyntaxToolkit @ Unwatch~ 11 K Star 24 YFork 11
Code Issues 53 Pull requests 0 Projects 0 8 Wiki Insights ~

https://qithub.com/SpaceGroupUCL/ Home | i | e pece
gaisSpaceSyntaxToolkit/wiki = a = -

n e
#Welcome to the Space Syntax Toolkit wiki!

« H
M ai I i n L i st This is an extended version of the “User Guide”, open to contributions from the SST user . In:::lelalion s
g community. It covers the contents of the user guide, describing the installation, functionality and o Additional requisites
basic usage of the SST. But it also includes corrections and updates to this content. In addition, « General notes on data formats
it has new sections such as FAQ and simple tutorials or step by step guides. ° Sample data
H HH H . * Graph Analysis
SSX TOO I klt mail I In g I ISt " We welcome your suggestions and contributions to this wiki! Get in touch via the space syntax © Model set-up

https //WWW IISCma |I ac.u k/CqI_ toolkit mailing list on Jiscmail. : :::g::: ::: "::‘l';’r:k:ap
bl n /W e b a d m | n r) AO - S P A C E SY N T AX' This wiki does not aim to explain the theory and methods of space syntax, nor the standard ° aD::;?;rirS\apX remote

features and operation of QGIS or depthmapX. Please refer to the respective literature and

T OO L KI T documentation for information on these other essential aspects, namely: S PuuuG.
* Attributes Explorer
o Attribute symbology

o Attribute statistics

* Space Syntax Online Training Platform - http://www.spacesyntax.net/online-training-

latform/
P o Attribute charts
Space Syntax mai I i n g I ist: » Space Syntax methodologies manual - http://discovery.ucl.ac.uk/1415080/ .« FAQ
* depthmapX - https://varoudis.github.io/depthmapX/ * Tutorials

httDS//WWWIISCma”aCUk/CC]I- * Introduction to Depthmap 10 - * Support
bl n /We b a d m | n ,? A 0 — S P A C E SY N T AX :t;z:;/zc::;tfech.gr/varoud|s/depthmapX/LearnmgMatenal/lntroductlon_depthmapw1 0- Fomaiileiiiedil

* QGIS User Guide - http://docs.qgis.org/2.14/en/docs/user_manual/ https://github.con/SpaceGre | [

« QGIS Training Manual - http://docs.qgis.org/2.14/en/docs/training_manual/
* QGIS Gentle introduction to GIS -

L o el £ o R T g _ge L

[#] Clone in Desktop
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Pla
Labs

thank you!

Transnational Network of Integrated
Planning Labs: co-creating knowledge on
forward-looking transdisciplinary planning
perspectives addressing climate change

o o and urban life in the post-pandemic city. Sﬁ' & | University
the European Union ‘[ of Cyprus
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