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Background

« Automated Vehicles (AVs) are expected to improve traffic safety
« Human drivers can be used as safety benchmark

» Such benchmarking is often done through virtual safety assessment
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Cyclist overtaking

» Cyclist overtaking can be dangerous
* A lateral safety distance (clearance) needs to be maintained

» Safety margins create buffers for things to go wrong
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Reference driver model -
benchmarking

* AVs should not only be better than an “average” driver

» Here we define a reference driver model as a careful and competent driver [1]
* Driver keeps enough (a “competent and careful”) safety margin
* Driver starts the overtaking early, to avoid getting to close to the cyclist

* We use a virtual environment to compare AVs and the reference driver model

[1]1 UNECE, 2021. UN Regulation No. 157. Uniform provisions concerning the approval of vehicles with regard to Automated Lane Keeping Systems.
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Aim and objectives

» To define and implement a conflict avoidance reference-driver model of a careful and
competent human driver when approaching and overtaking a cyclist, for use in virtual
simulation

» Make it possible for a user to set the “driver percentile” in the reference model

* Provide the “percentile chooser” and the model (time of starting to overtake and lateral
clearance, as well as steering model) as open source code in the esmini simulation platform

=>» Propose using percentiles of road-user comfort zones distributions for reference driver
models
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Conflict and crash avoidance

« Crash avoidance - reaction to imminent threat <{z=—=m
« Conflict avoidance - larger safety margin, conflict prediction... <=

* This work focuses on conflict avoidance
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Cyclist overtaking experiment

* TTC,,.: Time To Collision to the cyclist

cyc:

MLC: Minimum Lateral Clearance

Duration: time of the “steering away” phase

For flying overtaking maneuvers

* Ego speed 70 km/h
» Cyclist speed 20 km/h
* Flying maneuver: no deceleration before the lateral motion

Rasch, A. et al. (2020). How do oncoming traffic and cyclist lane position influence cyclist overtaking by drivers?, Accident Analysis & Prevention, Volume 142, https://doi.org/10.1016/j.aap.2020.105569.
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Conflict avoidance reference driver

model

N
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Inputs for the
driver model

Using existing Bayesian model

Choose a reference model representing
a single driver (not a distribution)

We assume, as a first example, 80th
percentile for both parameters

« Large TTC - the maneuver starts
early

« Large MLC - the vehicle keeps a
large lateral distance to the cyclist

Combined, they describe the 961"
percentile driver
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Steering model

» The duration of the “steering away” phase is
derived from the TTC percentile choice —
choosing the median

» The steering profile is based on:
» S shaped maneuver based on the steering rate

- Start of the maneuver at TTC, .
» Chosen MLC when vehicle is adjacent to the bike
 Duration of the maneuver
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Framework

Model

Parameters choice
for simulations

esmini controller
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Simulation environment

* Esmini [1]
 Controllers

* openSCENARIO [2]
» openDRIVE [2]

[1] https://github.com/esmini
[2] https://www.asam.net/standards/
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https://github.com/esmini
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Influence of the choice of the driver
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Discussion

e Data from Sweden
» Test track data

« 80t percentile on individual variable, future work could look more closely at correlation
between variables

* No o IC = future work

* Not really comfort zones boundary-based (the percentile)

+ Conflict avoidance-only model
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Comfort zone based models

« We picked the 80" percentile driver
* \We want to define drivers based on comfort zones

« Here we start from distributions that involve satisficing
behavior

* It may be possible to design an experiment to obtain
comfort zone boundaries

» A pragmatic approach is to use simple measure data
as we have done in this study
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Conflict and crash avoidance

* Conflict avoidance-only model
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