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Objective vs. Subjective Cycling Safety



Cycling
safety

Objective Safety

Relates to the number of cycling fatalities,
injuries, collisions or crashes

What is the link between the built environment,
accident contributing factors, and accident outcomes?

Subjective Safety

Re

ates to the feeling of safety and how

individuals subjectively experience accident

NS

K.

What urban factors impact the perception of cycling
safety?



CYCLANDS

30 Datasets

~1.6M accidents

5 Countries
7 Regions
18 Cities




Mapping of
accident
outcomes

Accident type: Cycling accidents involving heavy vehicles at dark.

Fatalities Serious Injuries

Light Injuries

P=1

P=0



Comparing
Images

Which environment is SAFER to cycle in?

(Use the buttons bellow to choose which one you find safer)

< Refresh Images
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Costa, M., Marques, M., Azevedo, C. L., Siebert, F. W., & Moura, F. (2025). Which cycling environment
appears safer? Learning cycling safety perceptions from pairwise image comparisons. |[EEE Transactions on
Intelligent Transportation Systems, 26(2)
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environment types effects

Objective Safety (severity-based)

Cycle  Green Industrial Crossroads CozyPedal Drive-centric
Haven Transit Artery Transit Haven Commercial

Subjective Safety (pairwise comparison-based)

Green

CozyPedal Drive-centric Crossroads Industrial
Haven Gémmercial Transit Artery Haven Transit



conceptual safety relation

Class 1 - Cycle haven
Class 2 - Green transit hub

Class 3 - Cozy Pedal Haven

Class 4 - Crossroads transit hub

Class 5 - Industrial Artery Zone

Rank-ordered
environments by
Subjective Safety

Class 6 - Drive-centric Commercial Zone

000—

Rank-ordered environments
by Objective Safety



Al for Climate-Resilient Transport: Towards
Better Quality of Life Under Climate Change



- High impact weather
events are expected to
Increase

- Extreme rainfall is to
become more extreme and
more frequent




- High impact weather
events are expected to
Increase

- Extreme rainfall is to
become more extreme and
more frequent

- Transport Infrastructure
[y LGS - Mobility
- Wellbeing




- High impact weather
events are expected to
Increase

- Extreme rainfall is to
become more extreme and
more frequent

- Transport Infrastructure
Impacts  [Ed\lelsllily
- Wellbeing

- Has been associated with,
e.g., life expectancy &
Wellbeing economic productivity

- Motility plays a key role in
one’'s wellbeing




But how can

we model
everything?
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Reinforcement Learning

We define how it behaves,
how it can be interacted
with, and what we can

observe

-~ Environment -
Actions RLAgent | Reward

Environment Agent

Represents our “world”. Iteratively interact with the

environment to learn what
are the best actions to
take at each time step



Environment

Transport ) Transport &
simulation » Infrastructure
Impacts
Rainfall Flood
Model Model
Transport | Quality
Accessibility ] of Life
RLAgent |«
Actions Reward

(adaptation measures)

(decrease in wellbeing
or cost of damages)



Framework

Rainfall Model

Simulate rain events given a climate projection scenario

Rainfall (e.g., RCP 2.6, 4.5, or 8.5)
Model

-2 Klimaatlas

MA'AT | 18



Framework

Flood Model

Map water at the ground level given terrain and
elevation characteristics.

—2>SCALGO
- We reduce resolution to 10m.

Flood
Model

MA'AT | 19
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Framework

Transport
Simulation

Transport Simulation

Take trips from TU and simulate the route a given trip
takes through the city

— Shortest path computation

MA'AT | 23



Framework

Transport &
Infrastructure
Impacts

Transport & Infrastructure Impacts

Quantify direct and indirect economic impacts

— Value of Time for trip cancelation and delays
- Damage functions for infrastructure

MA'AT | 24



Framework

Transport Accessibility

Compute accessibility to given POls in the city

— Gravity-based accessibility

- Cumulative-based accessibility

Transport
Accessibility

MA'AT | 25



Framework

Quality of Life

Compute quality of life based on accessibility to different

POls in the city Quality

of Life
—Quality of Life index

MA'AT | 26



Actions: Adaptation Medsures

Bioretention Planters

e 11

A, GA 8 3 -;» -

Screenshot from National Association of Oéc'
City Transportation Officials. (2017). \"'
Urban Street Stormwater Guide. Island

Press.

SE Tacoma Ave, PORTLAND, OR

Permeable Pavements

L:L,
Figure 3-4 Source: CH2M Hill

Pervious concrete adjacent to traditional
concrete during a rainfall, Ames, IA

Source: John Kevern Screenshot from Permeable Pavements Task Committee. (2015).

Permeable pavements. American Society of Civil Engineers

Storage Tanks/Soakways

Screenshot from

https://www.kleinfelder.com/project/pl6-stormwater-
storage-tank-tunnel/

Fancman Tank ricouns
WTSEpEd N Soctexthe
1 Pro-finer
=

Screenshot from
https://www.drainagepipe.co.uk/soakaways-and-
membranes/building-your-soakaway/

Possible future actions:

e Early warning systems

e Work from home

 Relocation people/jobs

MA'AT | 27



Wl ~ damage to infrastructure [DKK]

fora 100mm
rainfall event

trips’ delays
[DKK]

Costa et al. (2024). Climate Adaptation with Reinforcement Learning: Experiments with Flooding and Transportation
in Copenhagen. CCAI @ NeurlPS 2024.




fora 100mm
rainfall event

preliminary results, ongoing work




when and
where to take
an action in
the city

Counts of Each Action Type - RL-GNN Policy

Counts of Each Action Type - Random Policy

Action Types

RL
(learnt
actions)

Random
control
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Academic path

time

Oct 2018 Summer 2020 April 2022 Feb 2024 Mar 2024
Starting my PhD | Joined the DTN International PhD thesis Starting my Postdoc

Placement delivered
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The EIT Urban Mobillity
Doctoral Training Network



International
Placement
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Machine Learning for Smart Mobility (MLSM)
group at the Technical University of Denmark

Carlos L.
Azevedo,

Francisco
C. Pereira,
my “boss”

recognize
some other
facesm_




Learning new
skills are
Important
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and as a great philosopher once said

'/

* Create memories. Create friendships.

Benjamin Buttner, 2025
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Switching Gears
Pedalling to Climate
Resilient Transport

Miguel Costa
migcos@dtu.dk
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and proud member of
the EIT DTN family

(eit ) Urban Mobility
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