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Phone or internet connection

Dial-in options
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Participation tools

Mute

Raise your hand
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(®) Computer audio
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Questions

Polls
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Instructions for questions

» Use the question box feature at anytime and the
guestion manager checks it and forwards the question

» Short Q&A (3-5 minutes) after each presentation
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CoEXist Virtual Final Conference - Part 1:
Automation-ready tools and impact assessment findings

Wednesday 25 March 2020

CET (UTC+01:00) Moderator: Siegfried Rupprecht, Rupprecht Consult
13:45 Registration and technical support
Welcome, Siegfried Rupprecht, Rupprecht Consult & INEA (tbc)

14:00
Introduction to CoEXist, Daniel Franco, Rupprecht Consult

CoEXist tools CoEXist impact assessment findings

Automation-ready transport modelling and infrastructure assessment Potential impact of vehicle automation in four cities, across eight scenarios:

14:10 QVGWiEW of the CoEXist impact assessment approach and automation-ready transport 1545 Helmond (NL): (i) multimodal signalised intersection and (ii) highway-urban road
(infrastructure) assessment tool, Johan Olstam, VTI : transition, Frank van den Bosch, city of Helmond

14:25 Polls - Q&A 16:00 Polls - Q&A

14:30 Automation-ready modelling tools: microscopic traffic flow simulation, 16:05 Gothenburg (SE): (i) shared space; (ii) accessibility during long-term roadworks,
Charlotte Flechon, PTV Group Iman Pereira & Chengxi Liu, VTI

14:45 Polls - Q&A 16:20 Polls - Q&A

1450 Automation-ready modelling tools: macroscopic travel demand simulation, 16:25 Milton !(eynes'(UK)': (i) drop off and waiting for passengers; (ii) priority at roundabouts,
Markus Friedrich, University of Stuttgart John Miles, University of Cambridge

15:05 Polls - Q&A 16:40  Polls - Q&A
Toward the Development of Analysis, Modelling, and Simulation (AMS) Tools for 16:45 Stuttgart (DE): (i) network level travel time & mode choice; (ii) ridesharing,

15.10 Connected and Automated Vehicles (CAVs), Jérg Sonnleitner, University of Stuttgart
Rachel James, USDOT Federal Highway Administration (FHWA) 17:00 Polls - Q&A

15:25 Polls - Q&A 17:05 Lessons learnt & conclusions, Wolfgang Backhaus, Rupprecht Consult

15:30 Break
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This project has received funding from the European
www.h2020-coexist.eu Union’s Horizon 2020 research and innovation Bl

programme under grant agreement No. 723201-2



CoEXist Virtual Final Conference - Part 2:
What next for Cities and CAVS?

Workshop: What next for cities and CAVs?

moderated by Siegfried Rupprecht, Rupprecht Consult
—— 14:00 Welcome, Siegfried Rupprecht

14:05 Automation-ready framework for city authorities,
Wolfgang Backhaus, Rupprecht Consult

14:20 CoEXist — Roadmap towards automation-ready cities
Brian Matthews, Milton Keynes city council
Susanne Scherz, city of Stuttgart

Mikael lvari, city of Gothenburg
Frank van den Bosch, city of Helmond

15:00

15:15 Towards automation readiness - challenges for infrastructure,
Suzanne Hoadley, Polis

15:30 Interactive group discussion
Key issues for cities, including change and expectations management, future proofing
sustainable mobility policy, future proofing infrastructure investment and citizens
engagement citizens.

15:50 Lessons learnt and conclusions, Wolfgang Backhaus, Rupprecht Consult
16:00 End of the session

This project has received funding from the European
Union’s Horizon 2020 research and innovation i
programme under grant agreement No. 723201-2
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The webinar team

ol

4
Moderator: Project Coordinator: Poll manager: Question manager: Technology manager:
Siegfried Wolfgang Marie Daniel Wolfram
Rupprecht Backhaus Rupprecht Franco Buchta

Union’s Horizon 2020 research and innovation
programme under grant agreement No. 723201-2
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Poll question

What part of the'world ar e

Europe

North America

Central or South America
Africa

Asia or Australia

-

s This project has received funding from the European
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Poll question

What IS your prc?fessnon and background?

Urban transport planner in public authority
Consultant / advisor
Public transport operator / mobility service provider
Research institution / University / Recent graduate
Other (e.g. technology company, OEM, etc.)

I This project has received funding from the European
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Poll question

What are your expectatrons for th:iﬁ:\/ll‘tﬂal._
conference? \

Fill in your answer into your question box
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CoEXist

Introduction to CoEXist

Daniel Franco, Rupprecht Consult

#H2020CoEXist
@H2020_CoEXist
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What i1s CoEXIst?

Programme: EU H2020-ARTO05
Duration: May 2017 — April 2020
Strategic Aim:

To bridge the gap between automated vehicles (AVs) technology and
transportation and infrastructure planning, by strengthening the capacities
of urban road authorities and cities to plan for the effective deployment of
AV's

Enable mobility planning towards “automation-readiness”, defined as:
The capability of making structured and informed decisions about the
deployment of Connected and Automated Vehicles
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CoEXist approach

Demonstration of CoEXist tools

o Gothenburg

Automation-Ready o o Helmond
Road Infrastructure
Milton Keynes °Stuttgart 25

Microscopic

Automation-Ready
Transport Modelling

Automation-Ready
Road Authorities

Macroscopic
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sCOEXist

Overview of the CoEXist impact
assessment approach

Johan Olstam, VTI

#H2020CoEXist
@H2020_CoEXist
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Agenda

Challenges for traffic modelling of AVs

A way to deal with heterogeneity of AV behavior

A way to deal with uncertainties w.r.t. evolution of AVs
A way to assess traffic impacts of automation

u
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How to model AVs In traffic models?

« What Is an automated vehicle?
* How do it behave?
 Are all automated vehicles the same?

§ . This project has received funding from the European
www.h2020-coexist.eu * » Union’s Horizon 2020 research and innovation
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The SAE-levels include some information

SAElevel | Short description

0 — No automation Full-time performance by a human

1 — Driver Assistance Assistance system of either steering or
acceleration/deceleration

2 — Partial Automation Automation of some parts of the driving task

3 — Conditional Self driving but driver responsible and

Automation required to intervene if necessary

4 — High Automation Self driving in some environment — driver not
responsible

5 — Full Automation Self driving everywhere

|
25| &
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: SAElevel __|shortdescripton |
L eV e I O f au to m at I O n 0 — No automation Full-time performance by a human

1 — Driver Assistance Assistance system of either steering or
acceleration/deceleration

2 — Partial Automation Automation of some parts of the driving task
» SAE levels focus on
- To what extent the vehicle drive itsef Automation requred o mtervene  necessary
— Where it can drive itself [4 — High Automation Self driving in some environment — driver not
— Who is responsible for the driving responsible
5 — Full Automation Self driving everywhere

 but do not specify how driving behavior vary between or within the levels

« CoEXist focus: driving behavior when an automated driving system (ADS)

IS responsible for the vehicle operation
— AVs comply with the road regulation and the rode code, e.g. comply with speed limit

u
= [A]
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Challenges

 Limited data on first generation AVs
* No data on future AVs
+ Transition towards full automation will be long

4

Large uncertainties w.r.t.

 Driving behaviour of AVs

Evolution of AV technology and penetration rates
Behaviour of other road users in response to AVs

Traveller behaviour adaptation (e.g., travel time perception)

u
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How to handle the uncertainties?

 Scenarios with consistent assumptions

» Conceptual modelling of AV capabilities w.r.t. perception, anticipation, driving

logic rather than detailed modelling of a specific AV-function
* how and where can AVs operate safely (disregarding which technologies make this possible)

* Sensitivity analysis

u
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Poll question
Which uncertalrLy fae%e-&,_do youﬁmk,is.m.asl.

uncertain?s o o .

Driving behaviour of AVs
Evolution of AV technology and penetration rates
Behaviour of other road users in response to AVs

Traveller behaviour adaptation (e.g. travel time
perception)

s . This project has received funding from the European
* Union’s Horizon 2020 research and innovation
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Hierarchical specification of AV driving behaviour

The level of automation is specified in two steps:

AV class
— Basic
— Intermediate
— Advanced

* Driving logic (for different road environments)
— Rail-safe
— Cautious
— Normal
— All-knowing

§ . This project has received funding from the European
25 www.h2020-coexist.eu * 2 Union’s Horizon 2020 research and innovation
programme under grant agreement No. 723201-2



AV classes

* Basic: Self driving only in one directional traffic with physical separation to
active modes.

* Intermediate: Self driving in structured traffic.
» Advanced: Self driving in most environments

- All three prioritize safety, but the more advanced are able to safely drive
more offensively than the less advanced.

 All comply with the road regulation and the rode code, e.g. comply with the
speed limit

||
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Driving logics

Rail safe

— Follows pre-defined path
— Brick-Wall-Stop distance
— Switch principle

Cautious
— Brick-Wall-Stop distance; requirement for manoeuvres
— Require large gaps; slows down every time its sensors can have blind angles

Normal
— Similar to a human driver but with the augmented (and/or diminished) perception due to sensors.

All-knowing

— Perfect perception and prediction of the behaviour of other road users. Capable of offensive driving
whenever needed, without causing accidents.

u
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Example relation between AV-class, driving logics and
operational design domain (ODD)

Road type Basic Intermediate Advanced
Motorway Cautious Normal All-knowing
Arterial Cautious Cautious / Normal All-knowing
Urban street Human Cautious Normal
Shared space Human Rail-safe / Human Cautious
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Stages of coexistence

Introductory Established Prevalent
—
NoAVs ? N p ? . y ? . time

Stages characterized by

* AV market shares — how common are they
« AV capabilities — where can they drive

« AV driving behaviour — how do they drive

§ . This project has received funding from the European
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Example of AV penetration rates & shares

AV Basic Intermediate = Advanced
penetration AV share AV share AV share
(%) (%) (%) (%)
Introductory 10-40 70-100 0-30
Established 30-70 0-20 80-100 0-10
Prevalent 60-90 20-80 20-80

|
> [A]
I, This project has received funding from the European
www.h2020-coexist.eu 2 2 Union’s Horizon 2020 research and innovation Bl

programme under grant agreement No. 723201-2




Poll question

Which mix of BaS|c |H-t-eﬂ‘_DEdlatejB:d A'dya.n.c.e.d
AVs do.you thtnk IS

)-—....

20 % Basic & 80 % Intermediate
50 % Basic & 50 % Intermediate
20 % Basic, 60 % Intermediate, 20 % Advanced
33 % Basic, 33 % Intermediate, 33 % Advanced

. This project has received funding from the European
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Assessment of traffic Iimpact of automation

“Automation-ready infrastructure” Quantifying traffic impact of
automation

Infrastructure that allows the Relative improvement of
coexistence of automated cases with an AV-share and

vehicles, conventional vehicles a baseline without any AVs
and non-motorized road users

without significant decline in

performance
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Example experimental design

AV penetration rates and mixes
Uncertainty factors 100

- 90%
* Penetration rates 80%
* AV mixes o '
- Demand levels c O
= 50%

g o

= 30%

20%

10%

0%

Introductory Established, mixtype 1  Established mix type 2 Prevalent

W Basic M Intermediate ™ Advanced

8COEXist
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Example of result illustration

Average delay = Average delay @ Average delay @ Average delay @ Average delay @ Average delay

impact (%) impact (%) impact (%) impact (%) impact (%) impact (%)
Car Car (CV) Truck Truck (CV) Walk Bike
20,00%

+ 10,00%

)

=

)

>

e | |

o

c 0,00% T

- |

2

)

0

& -10,00% Legend
The Introductory stage |
The Established stage
The Prevalent stage

-20,00%
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Type of accident Urban Pilot

Qualitative safety assessment

1 | Driving accident

Driving functions Turning off

accident

Turning-in/
3 | Crossing
accident

Pedestrian
accident

\ . R &
‘A N 1
Accident in

Qualitative Assessment , lateral traffic
Road environment

Accident with
parking vehicles

%)
(]
o
>
+—
+—
=
)
©
Q
Q
<<

Other accident

type
Pictogram
Meanin The road safety could be The road safety is not The road safety could be The road safety could be
g negatively impacted expected to be impacted positively impacted very positively impacted
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sCOEXist

Automation-ready modelling tools:
microscopic traffic flow simulation

Charlotte Flechon, PTV Group

#H2020CoEXist

@H2020_CoEXist GROUP
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Introduction

« (Goal: make the tool as flexible as possible for the users

* Modelling tools:
— The microscopic simulation tool: PTV Vissim

— A macroscopic modelling tool through scripts (Presentation from Markus Friedrich) and built-in
functionalities in PTV Visum
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CoEXist approach - Modelling

Framework

a [ |
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CoEXist approach - Modelling

Framework

Data collection

Test track in
[m
:é)) Helmond

SIEMENS
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Data Collection SIEMENS

Iug,ev\uify for Ufe

Vehicle C Vehicle B Vehicle A
automated automated manual

i B = N
‘ "'®®'~ —

Test track in Helmond
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CoEXist approach - Modelling

VEDECOM

raow

Co-simulations

Framework

Data collection

Test track in
[m
:é)) Helmond
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* This project has received funding from the European

Union’s Horizon 2020 research and innovation
programme under grant agreement No. 723201-2

www.h2020-coexist.eu

8COEXist




CoEXist approach - Modelling

”_4—-—_--._‘ .
o

VEDECOM

Co-simulations

Improvement

Framework o R

the mind of movement

Data collection

Test track in
[m
:é)) Helmond
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Vissim development

Gap time based on leading vehicle class

Use implicit stochastics

Number of interaction vehicles

Increased acceleration

Enforce absolute braking distance

Consider vehicles in dynamic potential
-—-

Zero passenger

Open drive import

S—

S—

Platooning

This project has received funding from the European
www.h2020-coexist.eu Union’s Horizon 2020 research and innovation

Lane specific driving behaviour

programme under grant agreement No. 723201-2

Vissim 11 (2018)

Vissim 2020 (2019)
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Vissim development
(Vissim 11)

Improvement of the pedestrians- OFF
vehicle interaction (shared space):
dynamic potential

ON

u
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Vissim development

Gap time based on leading vehicle class

Use implicit stochastics
Number of interaction vehicles

Increased acceleration

|

Vissim 11 (2018)
Enforce absolute braking distance

Consider vehicles in dynamic potential

Zero passenger

Driver model and Driving simulator

Lane specific driving behaviour

—  Vissim 2020 (2019)
Platooning
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Platooning

Platoon = connected vehicles travelling very closely and
safely together, also at high speeds

|
L=
I, This project has received funding from the European
2 i Union’s Horizon 2020 research and innovation i

programme under grant agreement No. 723201-2
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Vissim behavoural parameters

Recommendation

Driving logic
model [parameter** rail safe cautious normal ELRGEITIGEE  default
CCo 1,5 1,5 1,5 1
CC1 1,5 1,5 0,9
o CcC2 0 0 0
5 c CC3 -10 -10 -8
2 s cca -0,1 -0,1 -0,1
£l o CC5 0,1 0,1 0,1
©
_qu 2 CCo6 0] 0] 0]
=
§ CC7 0,1 0,1 0,1
o CC8 p 3 3,5
L CC9 1,2 1,2
< ax 2 p)
iy bxadd p 2
=
bxmult 3 3

https://www.h2020-coexist.eu/wp-content/uploads/2018/10/D2.3-default-behavioural-parameter-sets_final.pdf

8COEXist
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AV-ready modelling tools training

« Tomorrow Thursday 26th March

Peter Sukennik

CoEXist training session

10:00 Training: Modelling tools
- Introduction to automation-ready
12:00 modelling tools, PTV Vissim
Demonstration
Practical examples and exercises

Limited availability:

www.h2020-coexist.eu

This project has received funding from the European
Union’s Horizon 2020 research and innovation i
programme under grant agreement No. 723201-2
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CoEXist approach - Modelling

”_4—-—-—-._‘ .
o

VEDECOM

Co-simulations

Microsimulation

Framework VAaal

the mind of movement

Data collection

Test track in
[m
:é)) Helmond

SIEMENS
Iug,u\ui(y{orufz
* This project has received funding from the European

Union’s Horizon 2020 research and innovation
programme under grant agreement No. 723201-2

www.h2020-coexist.eu

Macromodelling

Visum

versitit Stuttgart
many

the mind of movement
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Macroscopic Modelling Tool

« Work from University of Stuttgart presentation from Markus Friedrich

* Development in PTV Visum 2020:
https://www.youtube.com/watch?v=PHDeRbvpfkw

f8CoEXist
the mind of movement

Modelling of AV in PTV Visum

#H2020CoEXist
@H2020_CoEXist

D2.9 Built-in AV-ready macroscopic tool and much more on the CoEXist website

|
S| &
This project has received funding from the European
Union’s Horizon 2020 research and innovation il

www.h2020-coexist.eu
programme under grant agreement No. 723201-2


https://www.youtube.com/watch?v=PHDeRbvpfkw

CoEXist approach - Modelling

VEDECOM

raow

Co-simulations

Improvement

Framework o R

the mind of movement

Data collection

Test track in
[m
:é)) Helmond

SIEMENS
Iug,u\ui(y{orufz
* This project has received funding from the European

Union’s Horizon 2020 research and innovation
programme under grant agreement No. 723201-2

www.h2020-coexist.eu

niversitat Stuttgart
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CoEXist Material — Modelling tools

*  Webinars / videos:

— PTV Vissim: Autonomous vehicles new features and how-to
https://www.youtube.com/watch?v=C bougPNSw4

— What's new in PTV vissim & Viswalk 11
https://www.youtube.com/watch?v=yz04 sC9cLo

— Modelling of automated vehicles in PTV Visum
https://www.youtube.com/watch?v=PHDeRbvpfkw

— Automation-ready simulation tool
https://www.youtube.com/watch?v=aY15DUIiSis

— Automation-ready transport modeling tools
https://www.youtube.com/watch?v=Gbht gZZHMS8

programme under grant agreement No. 723201-2
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https://www.youtube.com/watch?v=C_bouqPNSw4
https://www.youtube.com/watch?v=yz04_sC9cLo
https://www.youtube.com/watch?v=PHDeRbvpfkw
https://www.youtube.com/watch?v=aY15DUIiSis
https://www.youtube.com/watch?v=Gbht_gZZHM8

CoEXist Material — Modelling tools

- Deliverables, all available on https://www.h2020-coexist.eu/resources/

— D2.1 Tested and calibrated control logic, AV-simulator and traffic simulator for closed-loop
connection

— D2.2 Technical report on data collection and validation process

— D2.3 Default behavioural parameter sets for AVs

— D2.4 AV-ready microscopic simulation tool

— D2.5 Guide for the simulation of AVs with microscopic modelling tool

— D2.6 Technical report on the data collection and validation

— D2.7 AV-ready macroscopic modelling tool

— D2.8 Guide for the simulation of AVs with macroscopic tool

— D2.9 Built-in Av-ready macroscopic tool

Available soon:

— D2.10 AV-ready microscopic simulation tool final (including Platooning)
— D2.11 Guide for the simulation of AVs with microscopic modelling tool (including platooning)

programme under grant agreement No. 723201-2
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SCOEXiIst ==,

PTV | GROUP

the mind of movement

Charlotte Fléchon

charlotte.flechon@ptvgroup.com #H2020CoEXist

@H2020_CoEXist

www.h2020-coexist.eu Union’s Horizon 2020 research and innovation o . ; ) -
Commission are responsible for any use that may be made of the information contai

This project has received funding from the European The sole responsibility for the content of this document lies with the authors. It does not
necessarily reflect the opinion of the European Union. Neither the EASME nor the Europe;
programme under grant agreement No. 723201-2 therein
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Poll question
How.important, do yoa—thmk lei&Ih&J;QJ.e.QLmod

to prepare the trans',
and automated cars w

L B
Crucial
Important
Accessory
Not important at all

. This project has received funding from the European
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Poll questLQn

Are you planning to Uﬁe:mJCFOSCwﬁSJmu.LaLI.Q.D tools
to simulaterautomated car

f"'o—

| am doing it already
Yes, very soon
Maybe

Definitely not »

o O O O

This project has received funding from the European
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CoEXist Virtual Final Conference - Part 1:
Automation-ready tools and impact assessment findings

Wednesday 25 March 2020

CET (UTC+01:00) Moderator: Siegfried Rupprecht, Rupprecht Consult
13:45 Registration and technical support
Welcome, Siegfried Rupprecht, Rupprecht Consult & INEA (tbc)

14:00
Introduction to CoEXist, Daniel Franco, Rupprecht Consult

CoEXist tools CoEXist impact assessment findings

Automation-ready transport modelling and infrastructure assessment Potential impact of vehicle automation in four cities, across eight scenarios:

14:10 QVGWiEW of the CoEXist impact assessment approach and automation-ready transport 1545 Helmond (NL): (i) multimodal signalised intersection and (ii) highway-urban road
(infrastructure) assessment tool, Johan Olstam, VTI : transition, Frank van den Bosch, city of Helmond

14:25 Polls - Q&A 16:00 Polls - Q&A

14:30 Automation-ready modelling tools: microscopic traffic flow simulation, 16:05 Gothenburg (SE): (i) shared space; (ii) accessibility during long-term roadworks,
Charlotte Flechon, PTV Group Iman Pereira & Chengxi Liu, VTI

14:45 Polls - Q&A 16:20 Polls - Q&A

R Automation-ready modelling tools: macroscopic travel demand simulation, 16:25 Milton !(eynes'(UK)': (i) drop Off_ and waiting for passengers; (ii) priority at roundabouts,
Markus Friedrich, University of Stuttgart John Miles, University of Cambridge

15:05 Polls - Q&A 16:40  Polls - Q&A
Toward the Development of Analysis, Modelling, and Simulation (AMS) Tools for 16:45 Stuttgart (DE): (i) network level travel time & mode choice; (ii) ridesharing,

15.10 Connected and Automated Vehicles (CAVs), Jérg Sonnleitner, University of Stuttgart
Rachel James, USDOT Federal Highway Administration (FHWA) 17:00 Polls - Q&A

15:25 Polls - Q&A 17:05 Lessons learnt & conclusions, Wolfgang Backhaus, Rupprecht Consult

15:30 Break

8COEXist

This project has received funding from the European
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CoEXist

Automation-ready modelling tools:
macroscopic travel demand modelling

Markus Friedrich University of Stuttgart

#H2020CoEXist
@H2020_CoEXist

This project has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No. 723201-2
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How will AV change the way we travel?

D) \
- better cars { X © better cars - t):_ _]!
- more carsharing Sy - more ridesharing @l SLLEAA
= | ° better public transport |
| |

more car traffic less car traffic

changes compared
to base case
B <75
P <95
B <105
<120
B <140
B > 140




Modelling AV with Macroscopic Travel Demand Models

motivation

* many cities run macroscopic travel demand models
and may want to examine impacts of automated vehicles

modelling challenge
* people live in zones
- demand is represented not as full trips, but as probability

| am 0.4 persons. Is there
free space in a sharing
vehicle from zone 10 to 20?

=> this is challenging for modelling on-demand services

Agent-based: Mon, Wed, Fri Tue, Thu Macroscopic ADTV s

0.4




Modelling AV wit

new modes,
changed utilities

perceived
travel time

perceived
travel time

perceived
travel time

perceived
travel time

»
»

»

»

trip generation

trip generation

destination choice

mode choice

departure time
choice

vehicle pooling

supply| quality

vehicle
scheduling

route choice

supply quality

A

n Macroscopic Travel Demand Models

Impacts on

« capacity &

performance

impacts on

« capacity &

performance

LA



Modelling AV with Macroscopic Travel Demand Models

* Impacts on supply: volume-delay functions
* Impacts on demand: without new modes (Level < 5)

* Impacts on demand: with new modes (Level =5)

[ ]
2
e This project has received funding from the European
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Capacity & Performance

Assignment models use volume-delay functions

today | am 2 PCU
LDV & HDV

trucks are converted to PCU @ Q 'OYO—Q @ @

(Passenger Car Units)

future with AV | am 2 PCU
| am 0.8 PCU
LDV & HDV conventional

LDV & HDV as AV E2E> 'oYo—g o &




Capacity & Performance

« suggested PCU-values from microscopic simulations

Roadway Cautious Normal All-knowing Roadway Basic AV Intermediate AV Advanced AV
Motorway 1.20 0.77 0.73 Motorway Cautious Normal All-knowing
Arterial 1.26 0.81 0.76 Arterial Cautious Normal All-knowing
Urban street 1.32 0.85 0.79 Urban street Manual Cautious Normal
Roadway Basic AV Intermediate AV Advanced AV

I Motorway 1.20 0.77 0.73

— Arterial 1.26 0.81 0.76

Urban street 1.00 1.32 0.85

|
> [A]
This project has received funding from the European
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Modelling AV with Macroscopic Travel Demand Models

* Impacts on supply: volume-delay functions
* Impacts on demand: without new modes (Level <5)

* Impacts on demand: with new modes (Level = 5)

[ ]
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Impacts on demand without new modes

being driven in automated mode changes .

the perception of travel time @ =) ﬁ

Highly, but not fully automated AV
—> changes attractiveness of mode Car

A\ ay
) \ V 4 d
AR This project has received funding from the European )
* i Union’s Horizon 2020 research and innovation [l

programme under grant agreement No. 723201-2
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Impacts on demand without new modes

o t,CV
. . : VOd
trlp generatlon :

destination choice |«

' t.Car t,Car t,CV t,AV
0 ~ar (11— RV RV
: Vo Voo = (1 pAV) Voo T Pav Vo

mode choice <

departure time | \ ——
choice :

route choice  [«—  supply quality

A

non-active driving time




Application Example

modelling assumptions
- advanced AV

* motorways are AV-ready
* main roads are AV-ready

 reduction of travel time perception by
30% on AV-ready roads

results in the Stuttgart Region model

 PersonKm all modes +7% [ +15%
 PersonKm Car +11% / +23%
PersonKm Transit 5%/ -10%

non-active driving time

Total Distance Traveled (0% AV=100)

0% AV  100% AV
Motorways Main roads

Walk
m Bike
m Transit
m Car-Pass

m Car-Driver

100% AV



Modelling AV with Macroscopic Travel Demand Models

* Impacts on supply: volume-delay functions
» Impacts on demand: without new modes (Level < 5)

* Impacts on demand: with new modes (Level =5)

[ ]
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Ridepooling for AV-fleets

ridepooling Zone A
iInteger demand

Cap= 6 seats \\

ridepooling Zone A
non-integer demand

Cap=0.8 - 6 seats \\

Gl
=

(¢

Zone C

Zone B

l | J! \
(( O O ) 1 person trip + 1 person trip

= 1 vehicle trip

Zone B Zone C

O m 0.8 person trip + 0.6 person trip = 0.8 vehicle trip




Ridepooling — Matching Algorithm

1. Discretise demand into time intervals, e.g. 96 x 15 min

Zones
: Abc]
2. Assign ZoneNo to
. Road network
each road link -
Links
® |inkNo
® ZoneNo
3. Compute one 00 Path
shortest path for B Path 1
. B Fath 2
each od-pair ———

4. Describe every path as a sequence of zones

sequence of links (or nodes
mmu complete without duplicates

202,102,103,104,116,107,108,109,110,111,112,113,209 1,1,1,2,2,2,3,3,3,3,44,4 1,234

- 2 4 203,106,107,108,109,110,111,112,113,209 2,2,2,3,3,3,3,4,4,4 2,3,4



Vehicle Scheduling for AV-fleets

vehicle scheduling: today

Integer demand [as
6:00 —— 6:30

ot

7:00 —— 7:30

with AV

&

6:00 —— 6:30

v

7:00 — 7:30

7:00 —— 7:30

0.6 cars, 0.6 trips

2 cars, 2 trips 1 car, 3 trips
vehicle scheduling: today with AV - §
i i .2 cars parkin
non-integer demand 0.4 g:gg & a0 oo @ o parking
0.2 trips @ 0.2 trips

0.4 cars, 0.8 trips

=>» formulation as flow problem




Visum Integration

All presented extensions can be
integrated into the software Visum to

support AV-ready travel demand o] [

Demand segment | CX_AV | | CX_AV
modelling

B 7 User-defined attributes
Metwork objects | All network ohjects o
Mumber: 585 Object ALEID Code MNarme Type Subattrbutes| Origin | ~
a7 Link types CX_AV-READY CX_AV-READY CX_AV-READY Integer Data
38 Links CX_AV-READY CX_AV-READY CX_AV-READY Integer Data
39 Metwork CX_AV-5HARE CX_AV-SHARE CX_AV-SHARE Integer Data
40 Link types C{_F PCU_AV_ A (O FPCU_AV_A X FPCU_AV_A Floating-point number Data
41 Link types C¥_F PCU_AV B (O FPCU_AV B X FPCU_AV B Floating-point number Data
42 Matrices C_ID C_ID CX_ID Text Data

www.h2020-coexist.eu

programme under grant agreement No. 723201-2
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Poll question
How will AVs affect travel demand.by 2(’1_40__

AVs are more comfortable and will lead to more car traffic

AVs can be used for sharing and will reduce car ownership
AVs will reduce travel by public transport

Integrating ridesharing will strengthen public transport
Empty vehicle trips will increase car traffic

This project has received funding from the European
* Union’s Horizon 2020 research and innovation
programme under grant agreement No. 723201-2
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CoEXist Virtual Final Conference - Part 1:
Automation-ready tools and impact assessment findings

Wednesday 25 March 2020

CET (UTC+01:00) Moderator: Siegfried Rupprecht, Rupprecht Consult
13:45 Registration and technical support
Welcome, Siegfried Rupprecht, Rupprecht Consult & INEA (tbc)

14:00
Introduction to CoEXist, Daniel Franco, Rupprecht Consult

CoEXist tools CoEXist impact assessment findings

Automation-ready transport modelling and infrastructure assessment Potential impact of vehicle automation in four cities, across eight scenarios:

14:10 QVGWiEW of the CoEXist impact assessment approach and automation-ready transport 15:45 Helmond (NL): (i) multimodal signalised intersection and (ii) highway-urban road
(infrastructure) assessment tool, Johan Olstam, VTl transition, Frank van den Bosch, city of Helmond

14:25 Polls - Q&A 16:00 Polls - Q&A

14:30 Automation-ready modelling tools: microscopic traffic flow simulation, 16:05 Gothenburg (SE): (i) shared space; (ii) accessibility during long-term roadworks,
Charlotte Flechon, PTV Group Iman Pereira & Chengxi Liu, VTI

14:45 Polls - Q&A 16:20 Polls - Q&A

1450 Automation-ready modelling tools: macroscopic travel demand simulation, 16:25 Milton !(eynes'(UK)': (i) drop off and waiting for passengers; (ii) priority at roundabouts,
Markus Friedrich, University of Stuttgart John Miles, University of Cambridge

15:05 Polls - Q&A 16:40  Polls - Q&A
Toward the Development of Analysis, Modelling, and Simulation (AMS) Tools for 16:45 Stuttgart (DE): (i) network level travel time & mode choice; (ii) ridesharing,

15.10 Connected and Automated Vehicles (CAVs), Jérg Sonnleitner, University of Stuttgart
Rachel James, USDOT Federal Highway Administration (FHWA) 17:00 Polls - Q&A

15:25 Polls- Q&A 17:05 Lessons learnt & conclusions, Wolfgang Backhaus, Rupprecht Consult

15:30 Break
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[A]
This project has received funding from the European
www.h2020-coexist.eu Union’s Horizon 2020 research and innovation

programme under grant agreement No. 723201-2



Ly 3 ' -:'-:; )'*\,‘ \ ‘QI & W g .
(‘5’[ > B '—} R *“%
S AR T -

=

i L T

© 2019 Getty Images.

Toward the Development of Analysis, Modeling,
and Simulation (AMS) Tools for Connected and
Automated Vehicles (CAVS)

Rachel James, Ph.D.

Research Civil Engineer

Office of Operations Research and Development
Federal Highway Administration (FHWA)

2 SAXT7#N

U.S. Department of Transportation
Federal Highway Administration



Twinned Projects Overview

Two FHWA projects were twinned with CoEXist:
CAV AMS Framework.
Developing AMS Tools for CAV Applications:
Case Studies.
Tools Development.

The goals of these projects are to investigate the effectiveness of level 1
automation technology for mitigating or solving existing transportation
problems.

U.S. Department of Transportation

7
Federal Highway Administration °



Development of a CAV AMS Framework

ObjECtiveS: Demand Effects Supply Changes
Build comprehensive methodological framework for Houschod and Fims Mabilty s a Serice
. . . . Activity and Trave ared Fleet Operations
developing AMS tools incorporating the impacts of i

CAVS.

Conduct an analysis identifying gaps in existing
CAV AMS capalbilities.

Apply developed framework to conduct a small-
scale case study to illustrate how to use this Operational
framework for future development activities. Performance

Flow Modeling and
Control Strategies

© 2018 Hani Mahmassani.!

Q
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Developing AMS Tools for CAV Applications: ‘

Case Studies

Benefits assessment using existing tools and capabilities.
Arterial case studies:
Ann Arbor, Michigan.
Conroe, Texas.
Freeway case studies:
California (SR—99).
Virginia (I-66).
Local agencies were involved to ensure simulations represent realistic,
near-term deployments.

Q

U.S. Department of Transportation 81
Federal Highway Administration



Developing AMS Tools for CAV Applications: ‘

Case Studies

Benefits assessment using existing tools and capabilities.
Arterial case studies:
Ann Arbor, Michigan.
Conroe, Texas.
Freeway case studies:
California (SR-99).
Virginia (I-66).
Local agencies were involved to ensure simulations represent realistic,
near-term deployments.

Q

U.S. Department of Transportation 82
Federal Highway Administration



SR—-99 Case Study: Motivation ,‘

= Study impacts of cooperative adaptive cruise control (CACC) on complex corridor.

= |nitial studies suggest potentially significant increases in capacity on idealized
corridors.

= Need to better understand impacts of CACC on real-world freeway corridors.
= Complex congestion patterns result from the interplay of multiple bottlenecks.

= Throughput improvement in one bottleneck may aggravate congestion at
downstream bottlenecks.

= SR-99, urban corridor serving commuter traffic in California, selected for detailed
analysis.

(A

o/

U.S. Department of Transportation
Federal Highway Administration




SR-99 Case Study: Framework Contributions

Y

Performance
Measures
Throughput

Flow Stability
Dynamic Travel Time

Transportation
System Attributes
Comfort

Safety

v

Mode
Characteristics

Demand Changes Supply Changes
ooty

" New
Activity ¢

Mobility
Options

Choices

g |nfrastructure
Changes

This work contributes to the
literature by developing an

improved CACC simulation
algorithm and quantifying

Trips Origin - Destination
Modes
Departure Times J

A 4

CACC impacts.

System Configuration
Operational Scenarios

Q

U.S. Department of Transportation
Federal Highway Administration

Operational Performance (Flow Simulation)

Wireless
Telecommunications

Isolated
Automated
Driver
Behavior

Isolated
Manual Driver
Behavior

Connected
Manual Driver
Behavior

Heterogeneous Traffic Interactions

Connected
Automated
Driver Behavior

External
Factors

Weather
incidents
Special Events
Work Zones
High Demand

Agency

Communication
Protocols
(Rules of

Engagement)

OEM: Original equipment manufacturer.
84

© 2018 Hani Mahmassani.



SR—-99 Case Study: Objectives

Arden-Arcaae

Raging Waters
Sacramento O

This study seeks to evaluate the impact of: ) s
CACC application. o) Ce | g

CAV managed lane (ML) operational strategy. =« i\~
Vehicle awareness device (VAD), which
provides connectivity for manually driven

vehicles.

9
@
o Ry d @ @
%j L QQ' QQ‘ e'%
% Q$ %\ & 0"‘ yard
o W« v CN o AT
. N4 <
e e ——" ——— . m— e ———r: e S S D S 2 2 I
| 2+ - ol eoben. oottt Yt - Sttt - S e S - e St e - ot - - S )
miles
2985 2979 2960 2953 2947 2939 2928 2924 2915 2906 2894 2893  287.3
; y guna »'6‘ (Ll':‘.\(

< | Direction of Traffic Source: FHWA.

Q
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SR—-99 Study: Results

Effects of CACC market
penetration rate (MPR):

Speed increases with MPR:
smoother traffic due to CACC.

1
EE
= T

Average Speed (mph)

Fuel economy increases then p s
decreases: congestion relief, e e
but then higher speed travel. s L 10
0% 10% 20% 30% 40% 50% o00% 70% 80% 90% 100%

Source: FHWA. CACC Market Penetration (%)

CACC: cooperative
adaptive cruise control.

Q
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SR—-99 Study Results

Effects of CACC MPR:

Longer strings with MPR, but . y

much shorter than the length

imit. :

_ow string probability at 100 =

percent CACC ’ 20% —@— String Probability i 1;] ;

String formation algorithm 10% - - Average Swng Lengih | g5
0% 0.0

needed to increase prObabIIIty 10%  20% 30% 40% 50% 60% 70% 80% 90% 100%

CACC Market Penetration (%)

that CACC-capable vehicles Source: FHWA
o actually drive in CACC strings.

Q
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SR—-99 Study: Results

Effects of traffic demand increase:
Corridor capacity identified while maintaining a constant average speed.
A 30 percent capacity increase under 100 percent CACC MPR.

Lower capacity benefit compared with the isolated bottleneck case (i.e., 92
percent increase Iin capacity).
Average Vehicle Speed (mph)

CACC 100% 105% 110% 115% 120% 125% 130%

(%) Demand Demand Demand Demand Demand Demand Demand
0 33.4 22.8 17.6 14.8 13.1 N/A N/A
20 39.9 32.6 26.1 18.2 16.0 N/A N/A
40 46.2 39.8 34.6 28.7 18.9 N/A N/A
60 51.6 46.9 42.2 35.1 27.3 17.0 14.0
80 54.8 52.5 48.3 43.3 34.2 23.5 19.2

100 56.8 54.3 52.5 49.9 44.6 35.2 32.7

U.S. Department of Transportation
Federal Highway Administration

N/A = Model results were not obtained within 48 hours of

run time because of significant network congestion.

88

CACC: cooperative

adaptive cruise control.

Source: FHWA.




SR—-99 Study Results

Why was the capacity benefit lower for the freeway corridor?
Observe improvement of upstream bottlenecks resulting in worse downstream
bottlenecks.

Might require infrastructure-to-vehicle (I12V) applications (e.g., speed harmonization)
with CACC to maximize the freeway corridor performance.

100% 92% 110

100

S 80% —e—[solated Bottleneck o
— -

9 —a—Freeway Corridor 80

S 60% E z
S g S
= w 60 E 15!
= 3z =R
2 40% g 50 i :
L] b g
g A 40 B
S 20% 49, 30% 30

0

0 20
10%  13% i ”

0% T—s0p
20% 40% 60% 80% 100% gAM 6AM  7AM  8AM  9AM  10AM 1AM EAM  GAM  7AM  BAM  OAM  10AM 1AM
. 0 Time ime
e CACC Market Penetration (%) Source: FHWA. ! Source: FHWA.
U.S. Department of Transportation Source: FHWA. 20% CACC 40% CACC

Federal High Administrati . .
sderal Tghway Admnstaton 10% demand increase 10% demand increase



SR—-99 Study: Results

Effects of ML and VAD strategy:
VAD helps CACC string formation under low to medium MPRs.
ML strategy makes performance worse, causing induced lane changes.
Dedicated on-ramps might help ML strategy implementation.

60.0 265

55.0 26.0 —&— Base
- =
50.0 2585 VAD
4] —A— ML

45.0 % 250
= & 7 —i— VAD+ML
% 40.0 > 245 /
= 350 g 240 /
g g /
a, 30.0 Q 235
7] _LE /

250 é 230 /

20.0 25 |/

15.0 —8— VAD+ML 0 &

10.0 215

20% 40% 60% 80% 20% 40% 60% 80%
e CACC Market Penetration (%) CACC Market Penetration (%)

CACC: cooperative adaptive cruise control.
ML: managed lane.
Source: FHWA. VAD: vehicle awareness device. Source: FHWA.
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|I-66 Case Study: Objectives

The study evaluated the effectiveness of
three CAV applications:

CACC ‘ Interchange 5 "‘ ‘ 0

Speed harmonization (SH). ¥ |
Interchange 4

Cooperative merge (CM). K |

i

v -

-

Y

» ©

Interchange 1

Interchange 2 s

Interchange 6

The case study also evaluated the
potential benefits of changes to the
physical infrastructure, including dedicated
ramps and a ML.

Q
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Afternoon Commute

" | Interchange 3 [~ o

Source: FHWA.



Three ML Scenarios

1 v v
2 v
3 X

HOV = high-occupancy vehicle.

Q
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|I-66 Case Study: Framework Contributions

Performance
Measures
Throughput

Flow Stability
Dynamic Travel Time

Transportation
System Attributes
Comfort

Safety

@

U.S. Department of Transportation
Federal Highway Administration
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Mode
Characteristics

Demand Changes Supply Changes

New Mobility
Operation Scenarios NeW

Activity Travel & i
Choices Choices MOt_" 19
Options

Infrastructure
Changes

Modes

Trips Origin - Destination
Departure Times

A 4

System Configuration
Operational Scenarios

-

Y

This work contributes to the literature
by developing a SH and CM algorithm
for microsimulation; quantifying the
impact of the applications; and
exploring the impact of different
infrastructure configurations.

Operational Performance (Flow Simulation)

Wireless
Telecommunications

Isolated
Automated
Driver
Behavior

Connected
Automated
Driver Behavior

Isolated
Manual Driver
Behavior

Connected
Manual Driver
Behavior

Heterogeneous Traffic Interactions

OEM: Original equipment manufacturer.
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External
Factors

Veat
Iincidents
Special Events
Work Zones
High Demand

ey

Agency

Communication
Protocols
(Rules of

Engagement)

© 2018 Hani Mahmassani.
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25,000

Network Throughput and Total Delay (130% demand level)

72,000

Results

|I—-66 Case Study

CACC platooning
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generates most of the

traffic flow benefits.
SH and CM bundling

further iIncreases
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traffic flow benefits
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|I-66 Case Study: Results g

o o™ In low and moderate MPR
o - cases, ML 1 performs best. ML

- . 3 results in the worst

= w & performance.

w . = ML 2 outperforms ML 3.

e h ; Dedicated ramps help improve

’ 0,0 0330 033025 0670 067,025 06705 1,0 1,0.25 1,05 1,0.75 11 o the traﬁic performance.

(CV MPR, CAV MPR)

mmmm VIL-1 Throughput mmm VIL-2 Throughput mmm ML-3 Throughput
o\ L-1 Delay ML-2 Delay e \/|L-3 Delay

Source: FHWA.
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Developing AMS Tools for CAV Applications:

Tools Development

Focus is on developing new tools to enable
more robust impact assessments.

Open-source tools are being developed:

New automated vehicle (AV) lane-
changing algorithm.
Improved CACC and human driver

connected vehicle (CV) car-following
algorithms.

Improved speed harmonization algorithm.

New cooperative merge algorithm.

Q

U.S. Department of Transportation
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X

Parameters

| ACC Model Parameters

Car following (and lane keeping)

ane change decision
(incentive check and
safety check)

ki k,
No Incentive Parameters
S
Aa: Apias

No .| Maximum Acceleration w,y,

Path generation

Path following and
safety check loop

Yes

AV lane change finished

Maximum Deceleration, b,y

ACC = adaptive cruise control.
AV = automated vehicle.

Source: FHWA.



Conclusions

Two projects funded by the Federal Highway Administration were twinned with
the CoEXist project.

CAV AMS Framework:

Developed comprehensive methodological framework for developing AMS
tools incorporating the impacts of CAVs.

Developing AMS Tools for CAV Applications:

Conducted four case studies on complex freeways and arterials in the United
States.

Developed four new models of CAV driving behavior for incorporation in
microsimulation software.

U.S. Department of Transportation

Federal Highway Administration 97
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Disclaimer

The U.S. Government does not endorse products or manufacturers. Trademarks or manufacturers’ names appear
in this presentation only because they are considered essential to the objective of the presentation. They are
included for informational purposes only and are not intended to reflect a preference, approval, or endorsement of
any one product or entity.
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Questions?

Rachel James

Research Civil Engineer
FHWA Office of Operations
Research and Development

Email
Rachel.James@dot.gov

Q

U5, Departrment of Transportation
Federal Highway Administration

@
.5, Department of Tronsportation
Federal Highway Administration

SAXT7aN

LABORATORY

Saxton Laboratory is FHWA’s emerging
technologies research laboratory enabling
industry development and adoption of next
generation technologies. The lab works to
improve transportation mobility, efficiency,
access and safety through:

B Cooperative automation

B Analysis and modeling of
new technologies

¥ Interoperability and
performance testing

L Industrysuppo. and . |

technology transfer . ] g

sis ity v g
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Source: FHWA.
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Operations (e.g. throughput, delay)

Safety surrogates (e.g. time to collision, nr. of conflicts)

Environmental (e.g. CO2, NOx)

Any other significant metric (specify in the question box)?
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Next webinar!

Automation-ready road infrastructure assessment

Learn more from CoEXist's automation-ready infrastructure assessment tool and
safety assessment methodology!

To be scheduled: April 2020
https://www.h2020-coexist.eu/events/#upcoming-events

Keep updated

Subscribe for the latest news and events delivered to your inbox

www.h2020-coexist.eu

|
L= N
This project has received funding from the European
Union’s Horizon 2020 research and innovation Bl
programme under grant agreement No. 723201-2
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https://www.h2020-coexist.eu/events/#upcoming-events
http://www.h2020-coexist.eu/

Learn more from CoEXist!

Find all our previous webinars in our
YouTube channel at:

http://tiny.cc/CoEXist-Webinars

2920 =8CoEXist &7 E8CoEXist

CiViTAS Thesa projacts hava recaived CiViTAS unng fom 1 European
G s ot o funding from the European
Union

i Union
SATELLITE SATELLITE

‘ % \
D~ , :
Introduction to Connected and Automation-ready transport
Automated Driving (CAD) in Cities modelling tools
How can cities prepare for CAD? ‘
Monday, 26 February 2018
12:00 - 13:30 Tuesday, 19 November 2019 ‘

Including CAVs in your traffic flow and travel demand
simulations

‘__»

Moderator: 15:00 — 16:30 CET
Siegfried Rupprecht Moderator
Executive Director, Rupprecht Consult Daniel Franco

‘ / Rupprecht Consult

This project has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No. 723201-2
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the mind of movement

Welcome to the Webinar

PTV VISSIM: AUTONOMOUS VEHICLES
NEW FEATURES AND HOW-TO

Presenter:
Peter Sukennik

PTV Vissim Product Management
PTV Group, Karlsruhe
peter.sukennik@ptvgroup.com

#CoEXist
f8CoEXist
the mind of movement
Modelling of AV in PTV Visum
Dr. Anett Ehlert ™

25/09/2019

CoEXist
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Thank you for your attention!

Get In touch with us!

288COoEXist

. 3 This project has received funding from the European
105 www.h2020-coexist.eu 2 i Union’s Horizon 2020 research and innovation
programme under grant agreement No. 723201-2

CoEXist Coordination:

Dr. Wolfgang Backhaus
w.backhaus@rupprecht-consult.eu

Daniel Franco
d.franco@rupprecht-consult.eu

@H2020_CoEXist
#H2020 CoEXist
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