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What if Uber kills off public 
transport rather than cars?



WHAT’S A REASONABLE FUTURE FOR CCAM?

¡ Competing goals and interests

¡ Road safety vs. traffic efficiency

¡ Market vs. regulation

¡ Competitiveness, economics, geopolitics, sustainability



SAE LEVELS OF DRIVING AUTOMATION



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/kK772Vv0UIA

¡ 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


EUROPEAN 
REGULATION



UN REGULATION 
157 ON ALKS



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



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.



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.



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











Preventable Vs. Unpreventable Scenarios







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
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EC JRC Experimentation (Zalazone, October 2019)
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https://doi.org/10.1016/j.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.

¡ a mathematical 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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https://doi.org/10.1016/j.trb.2021.01.009

https://doi.org/10.1016/j.trb.2021.01.009


Short Vs. Long Gaps



¡ A recent amendment of the UN157 regulation includes string stability 
as a requirement of ALKS



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



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

THE NEW EU ADS REGULATION (2022)

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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VMAD NATM



¡ 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

PART 4 - CREDIBILITY ASSESSMENT



• Simulation tools needed to tackle the 
complexity of ADS 

• Lower testing cost/time, safer, repeatable…

• Tools/tool-chains validation and results 
reliability

SIMULATION AND VIRTUAL TESTING



• L4 use-cases for public transport: 2 phases for market introduction

• Remote control centre / remote operation

• Infrastructure & communication

• Overarching framework to

Ø ensure the highest common level of safety

Ø improve accessibility and use of safety information

NOT ADDRESSED IN VMAD/FRAV YET



THE HORIZON EUROPE CCAM PARTNERSHIP



ONE OF THE PARTNERSHIPS 
FOR HORIZON EUROPE



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.



EUROPEAN LEADERSHIP IN SAFE AND SUSTAINABLE ROAD TRANSPORT 
THROUGH AUTOMATION

Increase safety in 
road transport

Reduce negative 
impacts from road 

transport on 
environment

Ensuring 
inclusive mobility 
and goods access 

for all

Strengthen 
competitiveness 

of European 
industries



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&I 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 stakeholders categories





CCAM CLUSTERS
Successful implementation requires understanding:

¡ the user needs and societal aspects of mobility

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

¡ the overall transport system requirements and set-
up

¡ what vehicle technologies are required and how to 
implement them

¡ how to validate safe system functioning

Finally demonstrate all aspects at a large scale











integrated 4D driver modelling
under uncertainty

i4Driving



I4Driving ambition

¡ Overarching 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



PARTNERS



ADVISORY BOARD



i4Driving 
METHODOLOGY



Experimental Facilities



1. INNO1 – Existing and innovative data mining techniques 

2. INNO2 – Augmenting available models with a 4D cognitive layer

3. INNO3 – A methodology to identify relevant use-cases and safety-
critical scenarios

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

5. INNO5 – An approach for standardization of experimentations on 
different DSs

6. INNO6 – Robust methodology to encode driver heterogeneity into 
probabilistic human behavioural models

7. INNO7 – “Modelling of the Modelling Process”

8. INNO8 – Turing test of i4Driving library of models in DSE

9. INNO9 - A probabilistic framework to validate i4Driving models at 
multiple scales

i4Driving INNOVATIONS



i4Driving
CHALLENGES

i4Driving goes to the very core of 
scientific modelling



i4Driving
CHALLENGES

i4Driving goes to the very core of 
scientific modelling

Complexity: numerosity, nature, 
heterogeneity, randomness



i4Driving
CHALLENGES

i4Driving goes to the very core of 
scientific modelling

Complexity: numerosity, nature, 
heterogeneity, randomness

A modelling tool which is highly reliable 
to capture the highly improbable 



HUMAN DRIVEN VEHICLES

Rear-end collision 

Rare event due to unpredictable concurrent 
causes.

DIFFERENT CONCEPTUAL VIEWPOINTS ON SAFETY 



Rear-end collision 

AUTOMATED VEHICLES

Quasi rear-end collision

Rare event due to unpredictable concurrent 
causes.

DIFFERENT CONCEPTUAL VIEWPOINTS ON SAFETY 

“Systematic” event due to badly designed 
controllers.

HUMAN DRIVEN VEHICLES



HUMAN DRIVEN VEHICLES

Rear-end collision 

Homogeneous string unstable platoon.

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

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)

Rare event due to unpredictable concurrent 
causes.

DIFFERENT CONCEPTUAL VIEWPOINTS ON SAFETY 



VS

INTERNALLY ‘ENTAILED’ SYSTEMS

HUMAN DRIVING CAR-FOLLOWING MODELLING



MODELLING AFTER 
ROSEN, 1991

“ T h e  i n t u i t i o n  o f  R o s e n  i s  t h a t  w h i l e  h u m a n
d r i v e r s i n  t h e  w o r l d  o b e y  r u l e s ,  a n d  t h e  
d i f f e r e n t i a l  e q u a t i o n s  i n  t h e  m o d e l  h a v e  ‘ r u l e s ’  
a s  w e l l ,  w h e t h e r  f o r m a l  o r  m a t h e m a t i c a l ,  n o  
‘ r u l e ’  w h a t s o e v e r  c a n  d i c t a t e  h o w  o n e  s h o u l d  
m a p  t h e  h y p o t h e s i z e d  r u l e s  i n  t h e  w o r l d  
o n t o  t h e  r u l e s  i n  t h e  m o d e l ”  ( S a l t e l l i e t  a l . ,  
2 0 0 8 )



¡ “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 COMPLEXITY VS. MODEL ERROR



¡Global uncertainty and 
sensitivity analysis 

“MODELLING OF THE MODELLING PROCESS”



Model Output
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Simulation

Sensitivity analysis

UNCERTAINTY IN MONTE CARLO FRAMEWORK



SOME USEFUL BOOKS



UNCERTAINTY 
SPECIFICATION AND 
MANAGEMENT FLOW
(Punzo and Montanino, 2020)



FARNESE HERCULES
Museo Archeologico
Nazionale, Naples 

“ T h e  s c u l p t u r e  i s  a l r e a d y  c o m p l e t e  
w i t h i n  t h e  m a r b l e  b l o c k ,  b e f o r e  I  
s t a r t  m y  w o r k .  I t  i s  a l r e a d y  t h e r e ,  I  
j u s t  h a v e  t o  c h i s e l  a w a y  t h e  
s u p e r f l u o u s  m a t e r i a l . ”  ( M i c h e l a n g e l o )



CONTACT US

LinkedIn
https://linkedin.com/company/i4driving

Twitter
@i4driving

Email
vinpunzo@unina.it

Phone
+39 335 5721806


