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® Death toll rises to 17, as relatives face agonising wait for news
©® May makes low-key visit to scene and announces public inquiry NN
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B WHAT’S A REASONABLE FUTURE FOR CCAM?

= Competing goals and interests
= Road safety vs. traffic efficiency
= Market vs. regulation

= Competitiveness, economics, geopolitics, sustainability



B8 SAE LEVELS OF DRIVING AUTOMATION

Human driver
monitors the road

Automated driving system
monitors the road
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3 REGULATORY APPROACH: US VS. EU

= Self certification: The responsibility for the fulfilment of the regulations lies exclusively with the
manufacturer. Authorities do not require or provide proof of premarket testing but reserve the

right to inspect any vehicle on the road at any time. This system is used in North America (USA and
Canada). https://youtu.be/kK772VvOUIA

= Third party system: The authorities undertake the verification (type approval) and assign an
independent third or expert to carry out and document the test. This system is established in
Europe. If countries do not have their own regulations, they generally accept vehicles that are
already registered in the known markets.


https://youtu.be/kK772Vv0UIA
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Only the original UN/ECE texts have legal effect under international public law. The status and date of entry
into force of this Regulation should be checked in the latest version of the UN/ECE status document
TRANS/WP.29/343, available at:
http:/[www.unece.org/trans/main/wp29[wp29wgs/wp29gen/wp29fdocstts.html

UN Regulation No 157 — Uniform provisions concerning the approval of vehicles with regards to
Automated Lane Keeping Systems [2021/389]

Date of entry into force: 22 January 2021

This document is meant purely as documentation tool. The authentic and legally binding text is:

ECE/TRANS/WP.29/2020/81.

UN REGULATION
157 ON ALKS



B General Requirements Of Automated Lane Keeping Systems -
ALKS

= ALKS controls the lateral and longitudinal movement of the vehicle for extended periods without
further driver command. ALKS is a system whereby the activated system is in primary control of the
vehicle.

= Regulation limits the operational speed to 60 km/h maximum (“traffic jam chauffeur’) and passenger
cars (M1 vehicles).

= The activated system shall perform the DDT, shall manage all situations including failures, and shall be
free of unreasonable risks for the vehicle occupants or any other road users.

= The activated system shall not cause any collisions that are reasonably foreseeable and preventable

= The activated system shall comply with traffic rules relating to the DDT in the country of operation



B Traffic Disturbance Critical Scenarios

= TRAFFIC CRITICAL SCENARIOS

= Traffic disturbance critical scenarios are those which have conditions under which ALKS may not be
able to avoid a collision.

= (a) Cut-in: the ‘other vehicle’ suddenly merges in front of the ‘ego vehicle’; (b) Cut-out: the ‘other

vehicle’ suddenly exits the lane of the ‘ego vehicle’; (c) Deceleration: the ‘other vehicle’ suddenly
decelerates in front of the ‘ego vehicle’;

= PERFORMANCE MODEL OF ALKS

= Traffic critical scenarios of ALKS are divided into preventable and unpreventable scenarios. The
threshold for preventable/unpreventable is based on the simulated performance of a skilled and
attentive human driver. It is expected that some of the ‘unpreventable’ scenarios by human standards
may actually be preventable by the ALKS system.



Definitions

‘Operational Design Domain (ODD)’ of the automated lane keeping system defines the specific operating
conditions (e.g. environmental, geographic, time-of-day, traffic, infrastructure, speed range, weather and other
conditions) within the boundaries fixed by this regulation under which the automated lane keeping system is
designed to operate without any intervention by the driver.

‘Dynamic Driving Task (DDT)’ is the control and execution of all longitudinal and lateral movements of the
vehicle.

‘“Transition demand’ is a logical and intuitive procedure to transfer the Dynamic Driving Task (DDT) from the
system (automated control) to the human driver (manual control). This request is given from the system to the

human driver.

‘Minimum Risk Manoeuvre (MRM)’ means a procedure aimed at minimising risks in traffic, which is
automatically performed by the system after a transition demand without driver response or in the case of a
severe ALKS or vehicle failure.

‘Emergency Manoeuvre (EM)’ is a manoeuvre performed by the system in case of an event in which the
vehicle is at imminent collision risk and has the purpose of avoiding or mitigating a collision.



B Special requirements for safety of alks: definitions

= ‘Operational Design Domain (ODD)’ of the automated lane keeping system defines the specific
operating conditions (e.g. environmental, geographic, time-of-day, traffic, infrastructure, speed range,
weather and other conditions) within the boundaries fixed by this regulation under which the automated

lane keeping system is designed to operate without any intervention by the driver.

= ‘Functional safety’: absence of unreasonable risks under the occurrence of hazards caused by a
malfunctioning behaviour of electric/electronic systems (safety hazards resulting from system faults).

= ‘Operational safety’ means the absence of unreasonable risk under the occurrence of hazards resulting
from functional insufficiencies of the intended functionality (e.g. false/missed detection), operational
disturbances (e.g. environmental conditions like fog, rain, shadows, sunlight, infrastructure) or by
reasonably foreseeable misuse/errors by the driver, passengers and other road users (safety hazards —

without system faults).

= ‘Unreasonable risk’ means the overall level of risk for the driver, vehicle occupants and other road users
which is increased compared to a competently and carefully driven manual vehicle.



B Verification snd Tests

= The Type approval authority shall verify ‘The System’ under non-failure conditions by testing on a track a
number of selected functions from those described by the manufacturer in paragraph 3.2 above, and by
checking the overall behaviour of the system in real driving conditions including the compliance with traffic
rules.

= The reaction of ‘The System’ shall be checked under the influence of a faults in any individual unit by applying
corresponding output signals to electrical units or mechanical elements in order to simulate the effects of
internal failure within the unit.

= The Type Approval Authorities shall also check a number of scenarios that are critical for the Object and Event
Detection and Response (OEDR) and characterization of the decision-making and HMI functions of the
system (e. g. object difficult to detect, when the system reaches the ODD boundaries, traffic disturbance
scenarios) as defined in the regulation

= Simulation tool and mathematical models for verification of the safety concept may be used in accordance
with Schedule 8 of Revision 3 of the 1958 Agreement, in particular for scenarios that are difficult on a test
track or in real driving conditions. Manufacturers shall demonstrate the scope of the simulation tool, its validity
for the scenario concerned as well



Definition of Preventable and practical implementation of criteria

Page9

Preventable = Avoidable by a competent and careful human driver
@ Does this criteria change depending on country due to different driving culture?

-——i

Should Not: sufficient capability of drivers is harmonized globally through international driver license.

Competent and careful human driver model for ALKS defined in UN157.
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Driver Model Structure
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Risk Perceived Boundarx by Lateral Movement

When the other vehicle is wandering within its own lane, it is unlikely that the ego-
vehicle perceives the possibility of cut-in

‘ Define the cut-in perceived boundary based on the lateral movement range
of other vehicle wandering within its own lane

Risk perceived Wandering width Lane width =3.5m
“Situation B
200 — One side of wandering width
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Competent and Careful human driver performance model

Risk Evaluation and Decision Reaction
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B Preventable Vs. Unpreventable Scenarios

Initial Inidal, [VeO]  Ego vehicle velocity
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Foreseeable and Preventable Boundary Page10

Preventable and foreseeable criteria is implemented into the ALKS regulation as

quantitative pass fail boundary.
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SOME LIMITATIONS OF UN 157

= Simplistic modelling

= Parameters values

= Limited number of scenarios

= Scenario approach

= No two-way interaction with traffic

= No emerging traffic phenomena (e.g. string stability)



A CASE FOR STRING STABILITY

Transportation Research Part C 130 (2021) 103305
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Contents lists available at ScienceDirect

Transportation Research Part C

ELSEVIER journal homepage: www.elsevier.com/locate/trc

L))
Requiem on the positive effects of commercial adaptive cruise s
control on motorway traffic and recommendations for future

automated driving systems

Biagio Ciuffo?, Konstantinos Mattas ®, Michail Makridis *”, Giovanni Albano®,
Aikaterini Anesiadou®, Yinglong He ¢, Szilard Josvai d, Dimitris Komnos h,
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ARTICLE INFO ABSTRACT

Keywords: Connected and automated vehicles (CAVs) promise to significantly improve road traffic. To a
Adaptive cruise control certain extent, this situation is similar to the expectations at the end of the last century about the
Automated vehicles positive effects that the introduction of Adaptive Cruise Control (ACC) systems would have had on

Car-following experiments

Traffic string instability motorway traffic. The parallelism is interesting because ACC equipped vehicles represent the first

Traffic hysteresis level of vehicle automation and are now widely available on the market. In this light, studying
Energy consumption ACC impacts can help to anticipate potential problems related to its widespread application and
Vehicle safety to avoid that AVs and CAVs will lead to the same problems.




B EC JRC Experimentation (Zalazone, October 2019)







Transportation Research Part B 144 (2021) 133-154
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On string stability of a mixed and heterogeneous traffic flow: | g
A unifying modelling framework T

Marcello Montanino, Vincenzo Punzo*

Associate Professor, Universita degli Studi di Napoli Federico II, Via Claudio, 21, 80125 Napoli, NA, Italy

https://doi.org/10.1016/;.trb.2020.11.009

= Removing the unrealistic assumption of flow homogeneity

= Introducing uncertain transfer functions to map the probability distributions of car-following model parameters into a L2 stability measure of a mixed
and heterogeneous traffic.

= amathematical justification of the equivalence between the asymptotic stability of a closed-loop platoon system —which has been studied through the
famous “traffic wave ansatz” on a ring-road —and the L 2 stability of an open-loop platoon system.


https://doi.org/10.1016/j.trb.2020.11.009
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= Arecent amendment of the UN157 regulation includes string stability
as a requirement of ALKS
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II

(Non-legislative acts)

I REGULATIONS

COMMISSION IMPLEMENTING REGULATION (EU) 2022/1426
of 5 August 2022

laying down rules for the application of Regulation (EU) 2019/2144 of the European Parliament and
of the Council as regards uniform procedures and technical specifications for the type-approval of
the automated driving system (ADS) of fully automated vehicles

(Text with EEA relevance)

THE EUROPEAN COMMISSION,

EU regulation on the
type approval of the
automated driving
systems (ADS) of fully
automated vehicles



THE NEW EU ADS REGULATION (2022)

Commission Implementing Regulation laying down
rules for the application of Regulation (EU) 2019/2144
of the European Parliament and of the Council as
regards uniform procedures and technical
specifications for the type-approval of motor vehicles
with regard to their automated driving system (ADS)

ANNEXES to the Commission Implementing Regulation
1) Information Document

2) Performance Requirements

3) Compliance Assessment

PART 1 Traffic Scenarios
PART 2 Audit of SMS and safety assessment
PART 3 Tests

PART 4 Guidelines for the credibility assessment

PART 5 In-service reporting
4) EU Type approval certificate

Commission Implementing Regulation (EU) 2022/1426 of

5 August 2022



https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32022R1426
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PART 4 - CREDIBILITY ASSESSMENT

= Principles for the credibility assessment for using virtual toolchain in ADS validation

= The credibility assessment framework provides a general description of the main aspects considered for
assessing the credibility of an M&S solution together with guidelines of the role played by third parties
assessors in the validation process with respect to credibility.

= Team's Experience and Expertise is also assessed

= “Simulation Handbook” providing evidence of the credibility assessment



SIMULATION AND VIRTUAL TESTING

Simulation tools needed to tackle the
complexity of ADS

Lower testing cost/time, safer, repeatable...

Tools/tool-chains validation and results
reliability




B NOT ADDRESSED IN VMAD/FRAV YET

L4 use-cases for public transport: 2 phases for market introduction
Remote control centre [ remote operation
Infrastructure & communication

Overarching framework to

» ensure the highest common level of safety

» improve accessibility and use of safety information




THE HORIZON EUROPE CCAM PARTNERSHIP




CCAM

CONNECTED, COOPERATIVE
& AUTOMATED MOBILITY

ONE OF THE PARTNERSHIPS
FOR HORIZON EUROPE

ccam.eu



European Partnerships

The aim of European partnerships in Horizon Europe to deliver on global challenges and modernise industry.

European Partnerships are key implementation tools, contributing significantly to achieving the EU’s political
priorities.

The Partnerships are formed between the European Commission and private and public stakeholder
addressing Europe’s most pressing challenges through coordinated research and innovation actions.

By bringing private and public partners together, European Partnerships help to avoid the duplication of
investments and contribute significantly to leveraging public funding through private investments.



Reduce negative
impacts from road
transport on
environment

Increase safety in
road transport

Ensuring
inclusive mobility
and goods access

for all

Strengthen
competitiveness
of European

industries

CCAM

CONNECTED, COOPERATIVE
& AUTOMATED MOBILITY

EUROPEAN LEADERSHIP IN SAFE AND SUSTAINABLE ROAD TRANSPORT
THROUGH AUTOMATION



CHALLENGES TO DEPLOY CCAM
SOLUTIONS

Problem Driver 1:

Insufficient demand as society does not yet understand the potential benefits of CCAM enabled mobility. The
long-term implications, benefits and impacts of integrating CCAM solutions into the mobility system are not
sufficiently examined.

Problem Driver 2:

CCAM solutions are not yet sufficiently mature for market take-up, and current investment levels in CCAM
R&I are inadequate to maintain and extend EU industrial leadership.

Problem Driver 3:

Current R&l efforts are fragmented and lack a coherent, longer-term vision and strategy for targeting
systemic solutions.

Problem Driver 4:

Demonstration and scale-up is limited, since a well organised, extensive and complex cross-sectorial value
chain is still required to build complete CCAM solutions.

CCAM

CONNECTED, COOPERATIVE
& AUTOMATED MOBILITY



CCAM stakeholders categories

Research

Publicauth. &
road
operators

Regulatory
bodies

Mobility
& logistic
services

Industry

Public
authorities &
road operators

Mobility &
logistic services

Regulatory
bodies

Research

- Automotive industry, including supply chain
- ITS solutions, telecom providers, connectivity
- Data handling and storage industry, ...

- Cities and regions
- Transport authorities, road authorities and operators
- Member States

- Public transport providers
- Mobility and logistics service providers
- Insurance, maintenance, ...

- Road users
- Stakeholder associations
- Road safety, society, the environment, ...

- National, European and international

- Universities
- Public research institutes
- Private research institutes



CCAM ACTIVERES AND TIMEFRAME

Contributing to shape the CCAM Horizon

¢ Europe research call topics. c International stakeholders.
C Networking opportunities at the European c Contributing to the development of
and international levels.
Updating the CCAM Strategic Research and
€ Innovation Agenda (SRIA] with the selegted
research projects’ results.
PHASE1 Developing ~ PHASE3 Large-scale
(2021-2024) | the building blocks 2028-20301 1 Demonstrations

PHASE 2 Advancing

(2025-2027) | technical maturity

_gp—

@

Joint actions with many other Europeanand

European standardisations and regulations.

‘ .



CCAM CLUSTERS

Successful implementation requires understanding:

ects and Use ,
P I Ngg
oo s

= the user needs and societal aspects of mobility

Qehice TEChHO/Og/eS

= technical details, contributions, requirements and
risks from key enabling technologies

= the overall transport system requirements and set- Large-scale
up Demonstrations

UoepijeN

= what vehicle technologies are required and how to
implement them
N\ ™

/0,8 .
[ . . ] gfat' th “e\\\
= how to validate safe system functioning e Trann ot S

Finally demonstrate all aspects at a large scale




CCAM WORK PROGRAMME 2023

Access here the WP23-24

# of
Budget projects
Topic # Sl Topic title Typg 2 (EUR expected
Cluster action I
million) to be
funded
HORIZON- : . - - e
Co-designed smart systems and services for user-centred shared zero-emission mobility of people and freight in

MISS-2023-CIT- 1 Sl A 50 2
01-01 urban areas (2Zero, CCAM and Cities’ Mission)
HORIZON-CL5- User-centric development of vehicle technologies and solutions to optimise the on-board experience and ensure

2 | ) RIA 8 2
2023-D6-01-01 inclusiveness
OIS 3  Generation of scenarios for development, training, virtual testing and validation of CCAM systems RIA 20 1
2023-D6-01-02
goozzl_ég_l\(j)ﬁlég_ 4  Infrastructure-enabled solutions for improving the continuity or extension of Operational Design Domains (ODDs) 1A 12 2
HORIZON-CL5- Integrating European diversity in the design, development and implementation of CCAM solutions to support

6 £ : RIA 8 2
2023-D6-01-04 mobility equity
HORIZON-CL5- 6 CCAM effects on jobs and education, plans for skills that match the CCAM development, and prerequisites for RIA 5 1

2023-D6-01-05

employment growth

The large-scale demo topic, drafted among CCAM, 2Zero, and the Cities Mission, is published under the Cities
Mission Work Programme. The call will be open from 10 January 2023 until 27 April 2023.

For all the other CCAM topics, the total indicative budget is 50 M€. The calls will open on 4 May 2023 and
close on 5 September 2023.




CCAM WORK PROGRAMME 2024

Access here the WP23-24

# of
Budget | projects
Topic # < Topic title (Pt (EUR | expected
Cluster action g
million) to be
funded

HORIZON-CL5- Centralised, reliable, cyber-secure & upgradable in-vehicle electronic control architectures for CCAM connected 12 5
2024-D6-01-01 to the cloud-edge continuum

O 200 CEs 3  Scenario-based safety assurance of CCAM and related HMI in a dynamically evolving transport system RIA 14 1
2024-D6-01-02

HORIZON-CL5- : L .

2024-D6-01-03 4  Orchestration of heterogeneous actors in mixed traffic within the CCAM ecosystem IA 12 2
HORIZON-CL5- : : o ; o

2024-D6-01-04 5 Al for advanced and collective perception and decision making for CCAM applications RIA 10 2
;'(%IZI_ZD%_'\:{EIO'S' 7  Robust Knowledge and Know-How transfer for Key-Deployment Pathways and implementation of the EU-CEM CSA 4 1

The total indicative budget is 52 M€. The call will open on 7 May 2024 and close on 5 September 2024.

CONNECTED, COOPERATIVE
& AUTOMATED MOBILITY




CCAM
Cluster

ccam.eu

STARTED CCAM PROJECTS 2021

Topic title

More powerful and reliable on-board perception and decision-making technologies addressing complex /4 Ay

environmental conditions /4 ROADVI EW

Common approaches for the safety validation of CCAM systems SUNRISE

Physical and Digital Infrastructure (PDI), connectivity and cooperation enabling and supporting CCAM D H.P 1 M AUGMENTED
< OLILIM ccAM

Cyber secure and resilient CCAM

Analysis of socio-economic and environmental impacts and assessment of societal, citizen and user aspects for
needs based CCAM solutions

o) o = J(r)}
SINFONICA

Framework for better coordination of large-scale demonstration pilots in Europe and EU-wide knowledge base FAME connected

automated
driving.eu

C ccam
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STARTED CCAM PROJECTS 2022




ntegrated

driver modell
under uncertainty

Simulation,
|/ : Inference

Sensitivity
Auditing

Patterns
Hypotheses

Credible Model

: ENSEMBLES
|

‘ 'wﬂ source
OPEN aACCESS

“Every round, more evidence, better models, more
credible and trustworthy CCAM safety assessment

Applications supporting
the CCAM agenda
Human driver baseline for

Prospective Effectiveness

Assessment of Road Safety (PEARS)

Jijfon

Human driver baseline in

consumer testing campaigns of ADS

7

ADS testing in
virtual simulation of mixed traffic

Safety, traffic & energy efficiency

assessment in mined traffic

Design of driver qualification

schemes through simulation

v




B 14Driving ambition

= Qverarching objective of i4Driving is to deliver a new library of credible models of
heterogeneous human driver behaviours which provides a human road safety baseline for
CCAM virtual assessment.

= The i4Driving library will lay the foundation for a new standard for CCAM assessment
methodologies to accelerate the uptake of CCAM technologies and improve our
understanding of how these can be designed to improve traffic safety for all drivers



B PARTNERS

i4Driving Team

4% @\ UNIVERSITA DEGLI STUDI DI NAPOLI

<" Panteia ( ¢ JFEDERICO I

Research to Progress
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Delft University of Technology
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university of applied sciences
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ADVISORY BOARD

Scientific Advisory Board

J R c OP  SERSIEEHRET
National Traffic Safety and Environment Laboratory

EUROPEAN COMMISSION
Dr. Biagio Ciuffo

Dr. Jack Stilgoe

Dr. Masao Nakagawa

& Imperial College
London

Dr. Sergei Kucherenko

Industrial Advisory Board

V)
ERTICO

ITS EUROPE

Dr. Johanna Tzanidaki

Dr. Felix Fahrenkrog

Dr. Robert Bateman

NIST

National Institute of
Standards and Technology
U.S. Department of Commerce

Dr. Edward Griffor
Dr. Zachary Grey

THE UNIVERSITY OF

oo SYDNEY

¥

Prof. Michiel Bliemer

Dr. Michael Paulitsch

Oregon State
University

NVIDIA.

Dr. Barnaby Simkin



14Driving
METHODOLOGQGY

a Research Data
WPS8. Project Management Management IP Management

Technical & Innovation
Management

J

J |

Ethics Appraisal

Gender Equality and
Inclusiveness

J

]

INNO4,5,8

Design of Experiments

wo®l Selected
H Drivers’ traffic cond.
:\ population

Selected
use-cases

Testable hypotheses
& use cases

Driving simulation experiments in
multiple sites

R B
5 i L2 0

Data mining & harmonization

SHRP2
»
A level % data

, highD e.inD
exil

NG * SiM 5 Safety Pool”
e

Driving
performances
from driving
simulation
experiments

models

Home o e e Goraraion
T ton Comneiy

Individual
vehicle
trajectories

3

w @ am=

|
Lgyzzze  HiliDRIVE ©OO

Verified

[ erne Stemen I UDRIVE

Relevant
use-cases

I

Cconceptualizations @ model requirements

*

Human Factors
model
requirements

Controlled urban & highway scenarios
for model development

Testable hypotheses Controlled safety-critical urban

& use cases

scenarios for model validation

» TTC, Time headway, ...
G

Uncertainty
modelling

HF/performance map;
Turing-tested models

Calibrated models

Calibrated,
validated &

Turing-
tested
probabilistic
4D human
driver
models

Human driver baseline for
Prospective Effectiveness
Assessment of Road Safety (PEARS)

Human driver baseline in
consumer testing campaigns of ADS

ADS testing in
virtual simulation of mixed traffic

Safety, traffic & energy efficiency
assessment in mixed traffic

Design of driver qualification
schemes through simulation

PEEgS
L Y
b, /_\r )

WP7. Reproducibility, Dissemination and

[ Early & Open Sharing ]
Exploitation

[ Reproducibility practices ]

[Stakeholder Engagement ] [

Dissemination, Communication and
Exploitation plan

)




Experimental Facilities
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Bl i4Driving INNOVATIONS

INNO1 - Existing and innovative data mining techniques
INNO2 - Augmenting available models with a 4D cognitive layer

INNO3 — A methodology to identify relevant use-cases and safety-
critical scenarios

INNO4 — An approach to automatically generate critical driving
situations and continuously challenge human drivers in a DSE

INNO5 — An approach for standardization of experimentations on
different DSs

INNO6 — Robust methodology to encode driver heterogeneity into
probabilistic human behavioural models

INNO7 - “Modelling of the Modelling Process”
INNOS8 — Turing test of i4Driving library of models in DSE

INNOG9 - A probabilistic framework to validate i4Driving models at
multiple scales



i4Driving goes to the very core of
scientific modelling

14Driving
CHALLENGES




i4Driving goes to the very core of
scientific modelling

Complexity: numerosity, nature,
heterogeneity, randomness

14Driving
CHALLENGES




i4Driving goes to the very core of
scientific modelling

Complexity: numerosity, nature,
heterogeneity, randomness

14Driving
CHALLENGES to capture the highly improbable

A modelling tool which is highly reliable




B DIFFERENT CONCEPTUAL VIEWPOINTS ON SAFETY

HUMAN DRIVEN VEHICLES

Rear-end collision

Rare event due to unpredictable concurrent
causes.



B DIFFERENT CONCEPTUAL VIEWPOINTS ON SAFETY

HUMAN DRIVEN VEHICLES AUTOMATED VEHICLES
Rear-end collision Quasi rear-end collision
Rare event due to unpredictable concurrent “Systematic” event due to badly designed

causes. controllers.



B DIFFERENT CONCEPTUAL VIEWPOINTS ON SAFETY

HUMAN DRIVEN VEHICLES

Rear-end collision

Rare event due to unpredictable concurrent
causes.

AUTOMATED VEHICLES

Quasi rear-end collision

Systematic event due to badly designed
controllers.

Crash avoided by human intervention.

IDM — INTELLIGENT DRIVER MODEL

No rear-end collision (but string instability)

Homogeneous string unstable platoon.

Never leading to a rear end-crash beyond the first-
follower.



B INTERNALLY ‘ENTAILED’ SYSTEMS

HUMAN DRIVING

walching b
y/('(// Vel o é%é{/“g/ : -
/9/;2!;;%12&/[‘019 eaunyg
: /(«‘(('(/'u(’ -
W/ alechol,
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CAR-FOLLOWING MODELLING

Direction of travel
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“The intuition of Rosen 1s that while human
drivers in the world obey rules, and the
differential equations 1n the model have ‘rules’
as well, whether formal or mathematical, no

‘rule’ whatsoever can dictate how one should

map the hypothesized rules in the world
onto the rules in the model” (Saltell: et al.,

2008)

N

Entailment

Natural
system

\ Encoding

F

Formal
system

Entailment

MODELLING AFTER
ROSEN, 1991



B MODEL COMPLEXITY VS. MODEL ERROR

= “The portion of the world captured by
the model is an arbitrary ‘enclosure’ of
an otherwise open, interconnected
system” (Saltelli et al., 2008)

= Uncertainty is ‘““any deviation from the
unachievable ideal of completely
deterministic knowledge of the
relevant system” (Walker et al., 2003)

= ‘“Complexity can be the enemy of
relevance” (Saltelli et al., 2020)

Model error

Model
inadequacy
error

Model error

Propagation
error

Model complexity




- “MODELLING OF THE MODELLING PROCESS”

Uncertainty analysis = Mapping assumptions onto inferences
Sensitivity analysis = The reverse process

mGlobal uncertainty and

sensitivity analysis Resolution levels
Errors Policy options Model structures

LIRS /Q
[ J ()

Simulation

model Model
O output Sensitivity analysis
A /Parameters &

Feedbacks on input data and model factors




B UNCERTAINTY IN MONTE CARLO FRAMEWORK

Input
p(X)

Model

Y= f(x)

" Simulation

Output
p(Y)

—’,

" X, :input
factors

Sensitivity analysis




SOME USEFUL BOOKS

A. Saltelli, M. Ratto,
T. Andres, F. Campolongo,

1 Cabori, . Gl "B Uncertainty in : s
ey )i Industrial Practice Design and i.{)
- iz b Analysisof
' Simulation

T - e Eoe i

SENSITIVITY
ANALYSIS

The Primer

WWILEY




-~
Parametric inputs

* Pdfs of time-independ. parameters
* Pdfs of time-varying parameters

\

Uncertain outputs

Traffic simulation model €our= D (€p, Enp, Ewy randomness)
i* Model formula €y
i+ Integration step :
i* Numerical resolution i----.
; A i

Non-parametric inputs
* Input data (e.g. O/D, control)

;‘e_,-.ni = estimation uncertainty of parametric inputs
Lane

D Sources of uncertainty ;’t,,,. | = estimation/measurements uncertainty of non-parametric inputs
NP

= ymamnl
i:,, i = model uncertainty

!___-j Epistemic uncertainty

o natures of uncertainty  wwws;
{* ) Aleatory uncertainty/ J’ {€our} = model output uncertainty

<=~ Random variability

Step C: Uncertainty Propagation

- UNCERTAINTY

Modeling Input

e — SPECIFICATION AND
| MANAGEMENT FLOW

(Punzo and Montanino, 2020)

Tesssnsnsnnnns

{ Measure of Uncertainty ]-

Step E: Sensitivity Analysis




“The sculpture 1s already complete
within the marble block, before I
start my work. It is already there, I
just have to chisel away the

superfluous material.” (Michelangelo)

FARNESE HERCULES
Museo Archeologico
Nazionale, Naples
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https://linkedin.com/company/i4driving
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