
Regulating for automated vehicle safety: 

A researcher perspective on whether the 

human factors challenges are being 

addressed

Oliver Carsten
Institute for Transport Studies
University of Leeds
UK



End of the 19th century



Automated driving for the consumer is here!



The policy domain



https://blogs.lse.ac.uk/impactofsocialsciences/2
016/05/25/should-academics-be-expected-to-
change-policy-six-reasons-why-it-is-unrealistic/

The views of one former policymaker turned 
academic

https://blogs.lse.ac.uk/impactofsocialsciences/2016/05/25/should-academics-be-expected-to-change-policy-six-reasons-why-it-is-unrealistic/


Should academics engage?
The question "What change in fatalities is 
associated with the passage of a mandatory belt law 
in some jurisdiction?" is, in its structure, a simple 
factual question. Most would agree that there is an 
objective answer.

In contrast, the question "Ought we to pass (or more 
strictly enforce) mandatory belt wearing laws?" is of 
a quite different nature, and cannot be answered by 
science. Questions of this type are properly 
addressed through the workings of the political 
process, in which personal philosophies and legally-
pursued self-interest are legitimate ingredients. It is 
not the safety researcher's role to prescribe what is 
good for society, but to provide reliable information 
for more informed choices.1991



• Michael Lewis on “the last mile problem in medical 
science”:
“Corporations were interested only in stuff that 
made money. Academics were interested in 
anything worthy of publication, but once they had 
their paper done, they tended to lose interest.”
The Premonition: A Pandemic Story (2021)

A contrasting view

• I have chosen to engage!



ETSC is a Brussels-based independent non-profit making organisation dedicated to reducing 
the numbers of deaths and injuries in transport in Europe. It provides an impartial source of 
expert advice on transport safety matters to the European Commission, the European 
Parliament, and national governments.

NGOs provide a path to policy-makers



Levels of driving automation



Levels of automation (SAE J3016)



Levels of automation (SAE J3016)



International regulations on 
vehicle automation



The United Nations Economic Commission for 
Europe (UNECE)

Responsible for worldwide 
regulations on inland transport



The relevant UNECE Working Parties

• WP.29: The World Forum for 
Harmonization of Vehicle 
Regulations

– Develops harmonised technical 
regulations for vehicles at a global 
level:

• In some countries and regions (e.g. 
the EU) these regulations 
automatically go into Whole Vehicle 
Type Approval

• In North America, they go into self-
certification

• WP.1: The Global Forum for Road 
Traffic Safety

– Geneva and Vienna Conventions
– Rules of the road
– Driver regulation
– Driver and rider behaviour
– Road user safety
– Road signs and signals



• Only “contracting parties” (i.e. governments) can propose and 
vote on resolutions and regulations

• “Consultative status” is available to:
– Industry bodies such as OICA
– NGOs such as ETSC

• Such organisations can introduce informal documents and 
speak at meetings

Who can participate?



What kind of expertise is present in UNECE?
WP.29: The World Forum for 

Harmonization of Vehicle 
Regulations

WP.1: The Global Forum for Road 
Traffic Safety

Mainly vehicle engineers Mainly lawyers

And rather little 

interaction between 

WP.1 and WP.29



ITC
Inland Transport 

Committee

WP.29
World Forum for 

Harmonization of Vehicle 
Regulations

GRVA
Working Party on 

Automated/Autonomous 
and Connected Vehicles

TF ADAS
SIG on 

UN Regulation 157 
(≈ ALKS)

FRAV
Functional Requirements 
for Automated Vehicles

VMAD
Validation Methods for 

Automated Driving

1. Scenarios 2. Virtual Testing 3. Audit and In-Service 
Monitoring

4. Track and 
Real-World Testing

WP.1
Global Forum for Road 

Traffic Safety

IGEAD
Informal Group of 

Experts on Automated 
Driving

Working Groups on automation at UNECE



Who attends UNECE work on vehicle 
regulations?



“It is increasingly recognised that human factors issues must be 
considered as a central part of development thinking. Experience 
shows that it is ineffective to address them as an afterthought. 
The risks associated with poor human factors can best be 
avoided by starting human factors activities as early as possible 
in the design process and continuing them throughout.”
BAE Systems report for the UK Health and Safety Executive, 2002

Human Factors should not be an afterthought in designing 
road vehicle automation, but baked in from the start

That means:
1. Human-centred design from the beginning, but it should also mean
2. A human-centred regulatory processes



• Aims to provide expert human factors support 
to the UNECE on vehicle automation in the 
areas of vehicle regulations and road safety

• Organised under the auspices of the IEA which 
has NGO status at UNECE

• Participants from U.S., Canada, Australia, 
Japan, Germany, Italy, the Netherlands, 
Sweden and the UK

• Discussion on the need for such a group 
started in May 2019

• First meeting: June 2020

HF-IRADS: Human Factors in International 
Regulations for Automated Driving Systems



1. Comments on the draft of the WP.1 Resolution on 
Activities other than Driving

2. An informal document to WP.1 and GRVA, Human 
Factors Challenges of Remote Support and Control

3. An informal document to WP.1, Can the human driver 
be made responsible when automation is unable to 
handle the situation?

4. Working on a document on User Roles in Automated 
Driving

5. An informal document to WP.1, Human Factors 
principles for road vehicle automation

HF-IRADS work so far



HF challenges of remote support and control
We distinguished three major categories of remote support and control:

1. Remote assistance, e.g. by a service provider to provide support and breakdown 
assistance

2. Remote management, analogous to air traffic control, to allow a remote controller to 
assist when a vehicle requires authority to move or deviate from a prescribed path

3. Remote control, which could extend from limited path guidance (e.g. around road works) 
to full remote driving at low speed or even high speed

HF-IRADS recommendations

• Remote control and operation is complex. It should not be assumed that remote handling 
constitutes a viable backup for problems encountered by vehicles under the control of an 
ADS, or that remotely controlled driving of a vehicle is feasible in busy environments or 
on high-speed roads.

• Thorough investigation of different use cases is needed. A safety case should be 
prepared for each specific application of remote support and control… Currently, there is 
a lack of evidence that remote vehicle operation on public roads can be performed safely.

• The proper design of the work environment for remote control and operation is also 
important. For management, lessons can be learned from air traffic control; for control, 
the driving environment imposes demands beyond those encountered in other transport 
modes.



Human driver responsibility under assistance 
and automation

• German Road Traffic Act of 2017 states:
“Drivers must…immediately take over control of the vehicle if requested by the 
system to do so or if they realize or, because of obvious circumstances, must 
realize that it is necessary to do so.”

HF-IRADS recommendations

• When an ADS is operating the vehicle, the safety of driving is the responsibility of 
the manufacturer. It cannot be expected that the human driving in a vehicle with 
automated systems can take back control immediately and with “high quality”. 
Humans can be encouraged to detect and respond to problems, but they cannot be 
held to be co-responsible, except in case of deliberate misuse. So ADS should be 
designed in the hope that humans will be responsible and responsive, but in the 
expectation that they will not.

• In the case of an ADAS, the driver is responsible for the safety of the driving 
task…Thus ADAS producers should design their systems so as to promote mental 
engagement in the driving task, either through requiring the driver to remain 
physically coupled to the vehicle controls or through requiring sufficient attention to 
the driving situation.



Human factors principles
Principles

1. Usable: Interaction with the ADS should be simple, discoverable and easy to learn. 

2. Transferable: Users should be able to adapt with ease when shifting from the 
operation of one vehicle to another. This implies some high level of commonality of 
interface and interaction processes across vehicle makes and models.

3. Consistent: In similar circumstances, a specific ADS should perform in a consistent 
manner both in interaction logic and in the vehicle driving behaviour. 

4. Supporting user role awareness: Users should understand their roles and 
responsibilities. This implies that there should be a limited set of modes in a vehicle, 
i.e. a limited set of levels of automation and variety of automation functions within 
those levels, and that the immediate role of the user, and any upcoming user role, 
should be obvious.

5. Foreseeability/predictability: Users should be able to anticipate system behaviour. 
When an ADS is driving, there should be no expectation of immediate intervention by 
the user to react and respond in an emergency.

6. Accessible: In so far as possible, ADS design should accommodate the full range of 
prospective users.



Human factors principles (continued)
7. Equitable: One group of ADS users or non-users (e.g., other road users) 

should not be disadvantaged in favour of another group (e.g., safety of ADS 
users should not be prioritised over non-users) .

8. Enhancing driving quality: automation should strengthen the joint 
capability of user and vehicle to achieve a specific effect (e.g., increase of 
traffic safety). This implies that automation must perform driving tasks 
competently and coordinate its activity with the human driver.

9. Safe interaction with other road users: The ADS interaction with other 
road users should be consistent and predictable and should not require other 
road users to have any special consideration for ADS-driven vehicles.

10.Accurate depiction of system capabilities: There should be no misleading 
names for ADS functions and no exaggeration in the description of system 
capabilities or operation.

11.Trust and acceptance: Users should trust and accept ADS to a degree that 
is consistent with its capabilities and limitations, and systems should be 
designed so as to earn appropriate acceptance and trust. 



Not much



The WP.29 side:
Vehicle technical regulations for 
automated and assisted driving



GRVA
Working Party on 

Automated/Autonomous 
and Connected Vehicles

TF ADAS
SIG on 

UN Regulation 157 
(≈ ALKS)

FRAV
Functional Requirements 
for Automated Vehicles

DDT Stream

User Stream

Other Road User Stream

VMAD
Validation Methods for 

Automated Driving

1. Scenarios

2. Virtual Testing

3. Audit and In-Service 
Monitoring

4. Track and 
Real-World Testing

WP.29: World Forum for Harmonization of Vehicle 
Regulations –the FRAV “work streams”



• For the performance of the DDT
• For interaction with users, especially the “fallback user”
• For interaction with Other Road Users

FRAV has been developing a set of Safety 
Requirements for Automated Driving Systems



Process for user-related requirements and 
provisions

Core Group • Prepare 
proposals

Stakeholders
• React to and 

modify 
proposals

FRAV 
Plenary

• Final 
chance 
to modify



Process for user-related requirements and 
provisions

The Gang of Four

Core Group • Prepare 
proposals

Stakeholders
• React to and 

modify 
proposals

FRAV 
Plenary

• Final 
chance 
to modify



• = OEMs and Tier 1 suppliers, i.e. industry
• After 18 months of non-controversial discussion on the FRAV 

user requirements (led by NL), they pretty much argued that 
such requirements were not needed in view of the 
manufacturers’ Safety by Design approach

• We were only able to fight back to have most of the 
requirements restored with the help of Canada, Germany and 
UK

Influence of OICA-CLEPA



• The ADS shall be designed to prevent misuse and errors in 
operation by the user

– The vehicle controls dedicated to the ADS shall be clearly identified 
and distinguishable to accommodate only the appropriate interactions.

– While an ADS feature is active, it shall inform the user on:
a) ADS status information.
b) the role of the fallback user, if applicable.
c) Any failure of the ADS that limits the operation of an available feature.

– The ADS shall indicate the availability of a feature for activation.
– An ADS feature activation resulting in a user becoming a fallback user 

shall inform the fallback user of the consequent expectations on them.

FRAV recommendations for safe interactions 
between Users and ADS



• The ADS shall ensure a safe system-initiated deactivation to a fallback 
user

– The ADS shall:
i. Continuously assess whether the fallback user is available for a system-initiated deactivation.
ii. Provide effective procedures for re-engaging the fallback user who has been detected not to 

be available.
iii. Trigger an MRM where it has not been possible, feasible and/or safe to re-engage the fallback 

user.
iv. Where appropriate, adapt the system-initiated deactivation process (e.g., timing, levels of 

warnings) according to the current circumstances (e.g., the engagement of the fallback user, 
the status of the ADS and vehicle, the current traffic situation).

– The ADS shall assess the user is suitably engaged to resume the DDT before 
completion of the deactivation process.

– The ADS shall remain active until the system initiated deactivation process has been 
completed or the ADS vehicle reaches a minimal risk condition.

– The ADS shall provide a specific indication of the completion of the deactivation of the 
ADS.

– If applicable upon ADS deactivation, the vehicle controls, indicators, warnings, and 
tell-tales shall be set to an appropriate state for manual driving.

FRAV recommendations for ADS features that have 
a system-initiated deactivation to manual driving



• We need a harmonised HMI so that users can easily switch 
from one vehicle to another

One specific requirement on which we have so far lost:
Commonality



A precedent

Cadillac Type 53 of 1916

• This should be one of the 
most famous vehicles of all 
time

• It set the template for all 
modern road vehicles

• We need an HMI design 
that is equally simple and 
capable for the 
manual/assisted/automated 
vehicle of the future



The 1929 Skoda 422

• Brake pedal on the right

• Accelerator pedal in the 
middle

• Clutch pedal on the left



The draft regulation for DCAS (Level 2 
assistance) on the need for commonality

• The introduction states the need for
“the development of a uniform standard (e.g., ISO) setting for 
DCAS the common HMI, communication techniques, modes of 
operation, possibilities of overriding, system messages and 
signals, etc. in addition to this UN Regulation. This will ensure a 
uniformity of HMI for different DCAS produced by different 
manufacturers, so that every driver could be prepared to use 
different DCAS features in a safe way.”



• The new draft introduction to the user requirements states:

It is… relevant to aim for a certain level of ‘commonality’ in the 
user interactions with the ADS for all brands and models. This 
will help users to develop and apply a single mental model and 
will also help to reduce the risk of user confusion (e.g., mode 
confusion) when changing between vehicles with ADS from 
different manufacturers. Such commonality cannot be defined 
now, but it is vital to establish it as a goal of future design.

It may be coming back in the FRAV 
requirements for automated driving systems



• Is it worthwhile to get involved?
• My answers:

–Possibly for WP.1, where there is more talk than actual 
influence on regulations

–Definitely yes for vehicle technical regulation under WP.29
• We can’t afford to let industry run the show
• Commonality is yet to be addressed

Conclusions



Thank you for your attention!
o.m.j.carsten@its.leeds.ac.uk
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