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obesity (Wang et al., 2008),

urban sprawl (Van Herzele and Wiedemann, 2003),

sustaina blllty (European Commission, 2011),

competition between cities (sraw, 2013);

value of real estate (sraw, 2013);
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obesity (Wang et al., 2008)

urban sprawl (Van Herzele and Wiedemann, 2003),

sustainability (European Commission, 2011);

competition between cities (sraw, 2013);

value of real estate (Braw, 2013);

walkability index

Henderson (2005), Cohen et al. (2006, 2007) Leslie et al., (2007),
Floyd et al. (2008), Maroko et al. (2009), Brown et al. (2009), van
Dyck et al. (2010), Troped et al. (2010), Cutumisu (2011), Yamada et
al. (2012)

50f90



walkability index

Henderson (2005), Cohen et al. (2006, 2007) Leslie et al., (2007),
Floyd et al. (2008), Maroko et al. (2009), Brown et al. (2009), van
Dyck et al. (2010), Troped et al. (2010), Cutumisu (2011), Yamada et

Choi (2013), Saelens and Handy (2008), Koohsari et al. (2015) al. (2012)
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walkability index
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Henderson (2005), Cohen et al. (2006, 2007) Leslie et al., (2007),
Floyd et al. (2008), Maroko et al. (2009), Brown et al. (2009), van
Dyck et al. (2010), Troped et al. (2010), Cutumisu (2011), Yamada et

Choi (2013), Saelens and Handy (2008), Koohsari et al. (2015) al. (2012)
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? runability index

Choi (2013), Saelens and Handy (2008), Koohsari et al. (2015)
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runability index

an indication of space potential to be used
for recreational active travels

prediction of changes
encouragement of recreational activities

assurance of quality
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lack of scientific knowledge how spaces runability index

are used for recreation:
an indication of space potential to be used

d . : . for recreation
ata collection is expensive and time

consuming; prediction of changes

cannot be performed the same way in different
countries; encouragement of recreational activities
cannot be performed on a big scale;

cannot be repeated often. assurance of quality
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Sony Ericsson

LM @ 7:28am

0:34:13 | 7.01 km
Avg4:52 min/km

%
SETTINGS
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Sony Ericsson

Mobile Sports Tracking Application I, ST
‘Ngi52 ik
data:
big data
public data

crowdsourced data
comparable data

up-to-date data

%

HISTORY SETTINGS

growing data

XPERIA
_ XBEBIV
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Mobile Sports Tracking Application no interface
data:

big data
data is very big
public data
crowdsourced data
comparable data . .
privacy issues
up-to-date data

growing data

Euclidean space
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Choosing
Case Studies

Adapting
Walkability Index

Acquiring Data

Constructing
Urban Space Network

Assessing Actual i Constructing
Recreational Usage Runability Index

|

Visualisation Interpretation

RESULTS

Comparison I“‘ Validation I

How can GPS data,

generated by

mobile sports tracking applications,

be used

to assess, analyse and model
the recreational usage

of an urban space network?
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Space Syntax, Page Rank, Random

walk, eigenvector centrality... o Street M
pen Street Map

Hillier & Hanson (1984), Hillier et al. (2005, 2007,

Chin et al. (2008), Girres and Touya (2010),
2009, 2012), Gauvin et al. (2005), Crucitti et al.

Gil (2014), Mooney (2015)
(2006), Turner (2007), Gebel et al. (2007), Jiang

Urban Crowd-sourced
(2009), Blanchard & Volchenkov (2008) Network Data Based Mobile tracking
Analysis Analysis of Urban Research

Space Networks Shoval (2008), Van der Spek et al. (2009;

based on Sports
Tracking

Application

Data

2013; 2014), Zambonelli (2011)

Walkability Index Sports tracking application data

Piorkowski (2009), Ferrari & Mamei (2011,
2013), Oksanen et al. (2013)

Henderson (2005), Cohen et al. (2006, 2007) Leslie

et al., (2007), Floyd et al. (2008), Maroko et al.

Urban Physical Activity
Studies

(2009), Brown et al. (2009), van Dyck et al. (2010),
Troped et al. (2010), Cutumisu (2011), Yamada et
al. (2012), Choi (2013)
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Choosing
Case Studies

B Adapting
Acquiring Data Walkability Index

Constructing
Urban Space Network

Assessing Actual Constructing
Recreational Usage Runability Index

Visualisation Interpretation

RESULTS

Comparison Validation

Mobile Sports Tracking Application:

high popularity rate in Europe

free data access

2ndomondo

FREE YOUR ENDORPHINS
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Choosing
Case Studies

o Adapting
Acquiring Data Walkability Index
Constructing
Urban Space Network
Assessing Actual Constructing
Recreational Usage Runability Index
Visualisation Interpretation
RESULTS
Comparison Validation

Case Study Cities:
within EU
extra-large (500 000 — 1 000 000 inhabitants)

distinct characteristics

distinct users

ratio = :
population
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"data": [

1

"walues": {
"distance": 0.8,
"duration": @

T,

"lng": 4.319285,

"lat": 52.878257

"values": {
"distance": 0.9,
"duration": 21773,
"alt": 49.36667

1,

"lng": #4.319285,

"lat": 52.878257

"values": {
"distance": ©.87353393,
"duration": 43546,
"speed": 6.4559536,
"alt": 5@.5

s

"lng": 4.319274742161944,

"lat": 52.87796789683441

"values": {
"distance": ©.1520948,
"duration": 65319,
"speed": 8.981293,
"alt": 51.819996

iy

"lng": 4.3194886386593885,

"lat": 52.07756891018813

"values": {
"distance": ©.2585522,
"duration": 87892,
"speed": 12.7693,
"alt": 51.875

1,

"lng": 4.318061908847622,

"lat": 52.87789570@18312

2ndomondo Training
Bl Workouts History | Training Plan |~ Statistics
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b
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Walking
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v # 385 cal 84 0.13L
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AV -10m A 58 m

! ﬁ — TOTAL ASCENT
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WEATHER
Sunny

TOTAL DESCENT
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Weather data
provided by
AccuWeather.com

Ei Unlock weather information and get access to
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"data": [

1

"walues": {
"distance": 0.8,
"duration": @

T,

"lng": 4.319285,

"lat": 52.878257

"values": {
"distance": 0.9,
"duration": 21773,
"alt": 49.36667

1,

"lng": #4.319285,

"lat": 52.878257

"values": {
"distance": ©.87353393,
"duration": 43546,
"speed": 6.4559536,
"alt": 5@.5

s

"lng": 4.319274742161944,

"lat": 52.87796789683441

"values": {
"distance": ©.1520948,
"duration": 65319,
"speed": 8.981293,
"alt": 51.819996

T,

"lng": 4.3194886386593885,

"lat": 52.87756891@18813

"values": {
"distance": ©.2585522,
"duration": 87892,
"speed": 12.7693,
"alt": 51.875

1,

"lng": 4.318061908847622,

"lat": 52.87789570@18312

Server at
endomondo.com

HTTP request of

www.endomondo.com/workouts/#workout!D

HTML of

www.endomondo.com/workouts/#workoutiD

get data.rb

|

distance > 0.5 and < 42
duration < 12h

empty values :=0

empty tracks : skip

1 point tracks : skip

ensure username insertion
track within bbox of Europe
time from 05-2014 to now

raw_data.csv

filter & transform.py

json object -> PostGIS geom

|

Spatial table in
postgreSQL PostGIS

22 of 90




total data acquisition time:

number of http requests sent:

number of lines in .csv files:
...that passed filter:
distinct users registered:

tracks per user:

1248 h
15 600 000
5 964 008 (38%)
3 610 735 (23%)
911 588

4

endomondo.com

Server at

HTTP request of

www.endomondo.com/workouts/#workout!D

HTML of

www.endomondo.com/workouts/#workoutiD

get data.rb

|

distance > 0.5 and < 42
duration < 12h
empty values :=0

raw_data.csv

empty tracks : skip
1 point tracks : skip filt

er & transform.py json object -> PostGIS geom

ensure username insertion
track within bbox of Europe

|

time from 05-2014 to now

Spatial table in
postgreSQL PostGIS

23 of 90




NUMBER OF ACQUIRED GPS TRACKS

160000

140000

120000

100000

80000

60000

40000

20000
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Population

No. of No. of GPS Ratio

application  tracks

users

users/popul
ation

Vilnius 558 165 3950 10 165 0.007
Valencia 814 218 3583 9443 0.005
Gothenburg 520374 2195 6720 0.004

NUMBER OF ACQUIRED GPS TRACKS

160000

140000

120000

100000

80000

60000

40000

20000
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Population No. of No. of GPS Ratio
application  tracks users/popul

T ation

Vilnius 558 165 3950 10 165 0.007
Valencia 814 218 3583 9443 0.005
Gothenburg 520374 2195 6720 0.004
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LANDSAT 8
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EUROSTAT URBAN ATLAS
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paths for non-motorised means of
transport

must be generalised with 30m granularity
no duplicates, pseudonodes or invalid geometries
common datasets for all cities

must be up-to-date
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OSM
tag “Highway

Urban Atlas
City Boundaries

Urban Atlas
“Other roads and associated land”

~ OSM
tag “Highway” ”

Change CRS to Europe Albers Equal Area Conic (102013)

| Adjust polygon coastline

|1

l paths for non-motorised means of
’ Clip polygon ‘ Clip polylines | Clip polygon :

I T tra NnSpo rt
‘ Simplify | Buffer & Simplify :

l

must be generalised with 30m granularity

y
l Union & dissolve polygons

v

| Clean '13”“3”\’ no duplicates, pseudonodes or invalid geometries

Segment Voronoi Graph :
) common datasets for all cities

| Find internal edges |

i H
| B““dtipc"og‘f | must be up-to-date

Remove dangling edges
& collapse short segs

)

Simplify using
Douglas-Peucker

Polygon l
l Urban Space

Network 33 0f 90
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filtering outliers
snapping to the network

evaluating actual recreational usage
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filtering outliers
snapping to the network

evaluating actual recreational usage

scafqédgta :
O bluriderip\é\puint_,’

o A esoll i

e
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a>b

scarce data

blundering point
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rec_usage +=1

N snapping to the network
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Recreational usage

Gothenburg

0

0-30
30-60
60-90
90-120
120 - 150
150 - 180

filtering outliers
snapping to the network

evaluating actual recreational usage
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filtering outliers

snapping to the network

evaluating actual recreational usage
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application users:
smart-device owners
75% men, 25% women

15 to 50 years old (97%)

misuse of the application
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where recreational activities happen

where recreational activities do not happen

WHY
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walkability index: runability index:

land use mix land use mix (recreational&residential)
+ +

street connectivity (street network configuration) betweeness centrality

+ +

population density residential density

+ +

greenness greenness

Henderson (2005), Cohen et al. (2006, 2007) Leslie et al., (2007),
Floyd et al. (2008), Maroko et al. (2009), Brown et al. (2009), van
Dyck et al. (2010), Troped et al. (2010), Cutumisu (2011), Yamada et
al. (2012), Choi (2013)
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greenness

Normalised Difference Vegetation Index
(NDVI)

average of NDVI values per street segment

normalised per each city




greenness

Normalised Difference Vegetation Index
(NDVI)

average of NDVI values per street segment

normalised per each city
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land use mix

lllll

= Residential = Recreational = Other
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land use mix | Q S

entropy score ' s BN b A M y ] s

1% 2 In(g) v AR

land _use _mix =

where

b.

1

— area of a separate land use group within the buffer zone &S I SN

a — total area of a buffer
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betweeness centrality
Normalised Angular CHoice (NACH)

how often a network edge lies on a shortest path
between all the nodes of the network, or its part within
a certain radius, divided by the total sum of all possible
shortest paths

when

shortest path = least angle change




betweeness centrality

Normalised Angular CHoice (NACH)

how often a network edge lies on a shortest path
between all the nodes of the network, or its part within
a certain radius, divided by the total sum of all possible
shortest paths

when

shortest path = least angle change

RADIUS

metric topological angular
[
local (500m) | local (3 steps) |— local (2 turns) | global (n)
walkable | | walkable | walk/runnable
(1000m) (3 turns)
runnable | | runnable
(2500m)
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aggregators

arithmetic mean (greenness, landusemix, centrality, res.density)

geometric mean(greenness, landusemix, centrality, res.density)

fuzzy AND: min(greenness, landusemix, centrality, res.density)

fuzzy OR: maX(greenness, landusemix, centrality, res.density)

1 (greenness)
X
1 (res_density)
X
3 (land_use_mix)
X

9 (centrality)

X

4 (aggregators)

Possibilities

X

cities
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Choosing RMSE

Case Studies

I

Acquiring Data

l R-squared
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Walkability Index

Constructing
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4
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RUNABILITY INDEX



runability index walkability index # runability index

predicts were recreational activity does not happen
but fails at predicting were it does

overestimates urban territories-in-between

underestimates central parks and coastal paths:
greenness vs. ,blueness”
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runability index

predicts were recreational actvity does not happen
but fails at predicting were it does

overestimates urban territories-in-between

underestimates central parks and coastal paths:
greenness vs. ,,blueness”

walkability index # runability index

walkability index runability index

how would a person would a person

navigate in a network? navigate in a network
at all?

area-specfic space-specific

general measure needs to be calibrated

for each particular city

walkable distance runnable distance
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How can GPS data,

generated by

mobile sports tracking applications,

be used

to assess, analyse and model
the recreational usage

of an urban space hetwork?

walkability index # runability index

walkability index runability index

how would a person would a person

navigate in a network? navigate in a network
at all?

area-specfic space-specific

general measure needs to be calibrated

for each particular city

walkable distance runnable distance
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:  the data canbe
How can GPS data, automatically acquired and processed

generated by to be used as a ground truth

for validation and callibration

mobile sports tracking applications,
of Runability Index,

be used L : - .

which aims to predict space usability for recreation,

to assess, analyse and model by means of visualisation and statistical analysis
given that a valid underlying

the recreational usage
urban space network

of an urban space network? is constructed.
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for the future research...

collaboration with a sports tracking application

user statistics

GPS tracks used to upgrade the Urban Space Network
varying buffer width
non planar network
heavy traffic streets — obstructions, not spaces

different recreational activities explored separetely

other types of activities: recreational cycling,
orienteering, roller skiing, skateboarding, etc.

the data can be

automatically acquired and processed
to be used as a ground truth

for validation and callibration

of Runability Index,
which aims to predict space usability for recreation,
by means of visualisation and statistical analysis
given that a valid underlying
urban space network

is consructed.
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for the future research

collaboration with a sports tracking application

user statistics

GPS tracks used to upgrade the Urban Space Network
varying buffer width
non planar network
heavy traffic streets — obstructions, not spaces

different recreational activities explored separetely

other types of activities: recreational cycling,
orienteering, roller skiing, skateboarding, etc.

for the Runability Index

additional factors:

microclimatic characteristics,
traffic,

air pollution,

presence of resting places,
surface cover,

width of a sidewalk,

safety

analysis in network space:

not in a sense of being in an attractive area butin a
sense of being connected to other attractive spaces
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