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•Urbanization; Cities continue to grow > Need for sustainable mobility

•Cycling as an active mode:

•Healthy, sustainable, efficient

•Preferred mode for daily activities

•Increasing popularity > in Amsterdam has increased by 43% in 

the past 25 years 

Better insight of mobility patterns and route choices of cyclists > 

Understanding of measurable & perceived attributes

Hypothesis: Urban environment affects where cyclists travel

Introduction



Research Question



Q1.  Which determinants of the urban environment that have been identified in prior studies can be implemented in the current research?

Q2.  How the cyclist’s route choices will be examined?

Q3.  What is the added value of the point cloud, compared to the use of 2D data, as a method for investigating the visibility of cyclists in 

outdoor environment?

Q4.  What is the role of space syntax in the current research?

Q5.  Which cyclists’ routes should be used for the current research and how they can be filtered?

Q6.   What is the proper number of observer points to be create for the visibility analysis?

Q7.   What are the differences between the routes of the cyclists and the alternatives?

Sub-questions



Literature research



Determinants



Determinants



What to measure?



How to measure?



Data
collection

Processing &
Simulation Metrics Comparison of

the routes
Conclusion & 

Future research

Methodology



Case study: Amsterdam, NL



Datasets

Fietstelweek 2015 - GPS actual routes

OSM alternatives - Openrouteservice

2D data - BGT and BAG

AHN3 Point Cloud

OSM street Network

Urban Atlas – Copernicus 2012

Datasets & Tools

Tools



GPS routes

Almost 10,500 routes

in the city of Amsterdam



Cyclists’ movements



Specifying the area



Alternatives

Possible choices:

1. Compute shortest paths (pgROUTING)
2. Ask for alternatives through APIs

a. Google Directions 
b. BING Routes
c. OSM Openrouteservice
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Alternatives

Possible choices:

1. Compute shortest paths (pgROUTING)
2. Ask for alternatives through APIs

a. Google Directions 
b. BING Routes
c. OSM Openrouteservice

Requirements:

1. Users can access through smartphones
2. Free of charge

OSM Openrouteservice API:

1. Up to 2,500 requests per day
2. Up to 3 alternatives: 

a. fastest, 
b. shortest, 
c. recommended  



GPS & OSM alternatives



Generate 3D environment



3D buildings3D Buildings



3D Street network



Categories of streets



Granularity

Maximum distance of visibility – 50m

Rejected:

150m 

● Computational time:  45min for 50pts
● Not representative for: % sky

100m

● Computational time:  35min for 50pts
● Not representative for: % sky



Visibility analysis

Length of ray:  50m
Vertical angle:  90 degrees
Horizontal angle:  100 degrees
Resolution:  200



Visibility analysis



Metrics



% of visible buildings % of visible ground % of visible sky

Ratio buildings:ground
Ratio buildings:sky

Ratio buildings:ground

Metrics - Spatial Openness



2. Street Profiles

Metrics - Street Profiles



2. Street Profiles

Metrics



Shape of 3D isovist

Median

Kurtosis

Standard
Deviation



Aggregation 

1.Geometric mean

Calculation of Geometric Mean for x1, x2, …, xn  changing factors

2. Standard deviation

3. Mode 

Aggregation on street network level 



Aggregation on street network level 

% of visible sky % of visible buildings % of visible ground



Aggregation on street network level 

Street profiles
Identified as #1

but….



Aggregation on street network level 

Median Standard deviation Kurtosis



Aggregation in route level Aggregation on route level 

Segment matching

Aggregation methods: 

1. Standard deviation

2. Median



Results



Aggregation in route level Results _ Qualitative analyses



Aggregation in route level Aggregation on street network level Aggregation in route level Results _ ANOVA analyses 

Tukey’s and Games-Howell post hoc tests

Coding types of routes:

1: GPS route - 2: Fastest route - 3: Shortest route - 4: Recommended route

Dependent variables:

● StDev of Sky, 
● StDev of Buildings, 
● StDev of Ground, 
● StDev of Standard deviation of length of rays, 
● StDev of ratio buildings/sky, 
● StDev of ratio buildings/ground, and 
● Distance 



Aggregation in route level Aggregation on street network level Aggregation in route level Results _ ANOVA analyses

Cyclists are following routes with 

different street profiles

Cyclists are following longer routes

Distance StDev of StDev

Cyclists are following non-homogeneous 

routes

StDev of Median



Aggregation in route level Aggregation on street network level Aggregation in route level Results _ ANOVA analyses

Variations in visible sky

Cyclists are following routes with more variations in the 

visible sky

Variations in visible buildings

Cyclists are following routes with more variations in the 

visible buildings



Aggregation in route level Aggregation on street network level Aggregation in route level Results _ ANOVA analyses

Variations in ratio buildings:sky

Cyclists are following routes with more variations in the 

ratio buildings:sky

Variations in ratio buildings:ground

Cyclists are following routes with more variations in the 

ratio buildings:ground



Conclusion & Future research



Aggregation in route level Aggregation on street network level Aggregation in route level Conclusion - Results

Cyclists don’t follow the shortest or fastest routes but seek for variations in the built environment and non-homogeneous routes.

● Planning of cyclists’ accessibility to the street network not limited to fastest and shortest routes

● In busy neighborhoods, cyclists are following secondary streets even when bicycle lanes do not exist

● Variations of buildings is an important difference but when combined with sky or ground

● Ground element gives a non-significant difference - Street infrastructure  (Requires higher level of detail?)



Aggregation in route level Aggregation on street network level Aggregation in route level Conclusion - Methodology

Methodology succeed to capture the 3D environment of the routes and add value to the 2D methodology

Openrouteservice API suggestions are limited to streets with bicycle lanes 

Threshold of merging route or centreline leads to misinformation (recommended routes)

Aggregated street profiles did not succeed to capture the 3D environment but have potentials

Statistical Analysis - Did not capture connection between the metrics

Definition of streets’ categories leads to overlaps 

Good performance of Rhino but slower when using Python and rerun of visibility analyses at streets with a lot of information

 

 



Aggregation in route level Aggregation on street network level Aggregation in route level Take home message

Cyclists prefer to travel through routes with variations in the 

built environment without considering travel time/distance

The 3D isovist methodology captures the visible views and 

add value to Space syntax methodology

It can help to define design guidelines and give a deeper 

insight of the cyclists’ route choices



Aggregation in route level Aggregation on street network level Aggregation in route level Future research

Investigation of application in more GPS routes and study areas

Sensitivity analysis - Is the centreline the appropriate way to explore the visibility of a cyclist?

Details to the ground element - Define water, greenery

Landmarks and gravity points should be included

Investigation of decision points (intersections) and turns 

Application of suggested methodology - Visibility Graphs 



Thank you! :) 



Aggregation in route level Aggregation on street network level Aggregation in route level Complete methodology


