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OPERATIONAL DESIGN DOMAIN > TRANSITION AREAS

ODD is a description of the specific operating conditions in which the
automated driving system is designed to properly operate, including
but not limited to roadway types, speed range, environmental
conditions (including weather, daytime/night-time), prevailing traffic
laws and regulations, and other domain constraints .
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WHEN, WHERE, WHY?

PERMANENT - TRANSIENT STATIC/DYNAMIC - HIGHLY DYNAMIC
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TRANSITION OF CONTROL (TOC) TIMELINE

TransAlD
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Minimum Risk Manoevre (MRM),
minimum risk condition = stop or park safely.
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TransAID
WHY TRANSITION AREAS? g

Transition areas mark the boundaries of the ODD.

What if an automated vehicle is unable to solve the situation ahead?
* ..what if, this happens not to single vehicles only, but to several?

e ..whatif, it always happens on the same spot? Xiao, L., et al.(2018).
. . . . Transportation Research
* ..whatif, this interrupts traffic flow, traffic safety, etc. Part C: Emerging

Technologies, 96, 380-397.

Speed (knvh) P Number of Deactivations ’ Flow (veh//lane)
- in)

TransAID aims to:
* |dentify potential risks
e Recommend solutions

drop

Time (min) w0 ' Location (km) Time (min) w0 1 Location (km)

 Coordinate movements with V2X | —
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THE GEOGRAPHICAL DIMENSION OF ODD (?)

SAE L5

SAE L4

SAE L3

SAE L2

SAE L1
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STRIA Roadmap for Connected and
Automated Transport (2019 update)
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System Vehicle
Scene operational automation

WlelaElle  capabilities
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VEHICLE AUTOMATION CAPABILITY SAE 1-5

No automation (0)
Driver assistance (1)
Partial automation (2)

Conditional automation (3)
High automation (4)
Full automation (5)
wwes.  SAE J3016™LEVELS OF DRIVING AUTOMATION
SE SE SE SE SE SE
LEVEL O & LEVEL1 LEVEL2 | LEVEL3 & LEVEL4 ' LEVELS
You are driving whenever these driver support features You are not driving when these automated driving
are engaged - even if your feet are off the pedals and features are engaged - even if you are seated in
whhuar.ngr?ei: ::: you are not steering “the driver's seat”
c;r;\‘r’ir'tsos:g; You must constantly supervise these support features; When the featare These automated driving features
) you must steer, brake or accelerate as needed to requests, will not require you to take
maintain safety you must drive over driving
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Vehicle
automation
capabilities

SAE, Taxonomy and Definitions for Terms Related to On-Road
Motor Vehicle Automated Driving Systems J3016_201401
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SCENE (INCL. TRAFFIC DYNAMIC & SITUATIONAL FACTORS)

* Intersections (cross traffic yes or no)

e Access (restricted, shared, open)

e Behaviour (homogeneous or
heterogenous, thereby predictable)

 Traffic volume

* Weather conditions

- . >cene
Conrrolles Seri-conreollen UNZonTROllED
l ENVIRONMENT l ENVIRONMENT I ENVIRONMENT i

https://www.2getthere.eu/autonomous-transit-a-reality/
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PHYSICAL INFRASTRUCTURE MEASURES

e Road surface

* Shoulder or kerb
* Road markings

* Traffic signs

* Road furniture

I EE\D R D Physical
\ v’ infrastructure
measures

European ITS Platform

MANTRA
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DIGITAL INFRASTRUCTURE SUPPORT LEVELS E-A

Digital
Conventional (E) ‘”fr;a;;?d‘;g;re
Static digital information (D)
Dynamic digital information (C)
Cooperative perception (B)
Cooperative driving (A)

Digital information provided to AVs
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Cooperative driving he infrastructure is able to guide AVs (groups of vehicles or single vehidles) “m
in order to optimize the overall traffic flow
Digital o . ) capable of perceiving microscopic tra v v
infrastructure B | Cooperative perception this data to AVs in reak-time :
C Dynamic digital information All dynamic and static |Zﬁnzs;L:‘cgJere p:g:?;:daltlgr;‘ :’ss available in digital form X | X ‘
D Static digital information / - vsica\ reference vints (Ia‘ndar igns)r X
i Map support Traffic lights, short term road works and VMS need to be recognized by AVs
Conventional ‘ !
infrastructure Conventional infrastructure / Conventional infrastructure without digital information.
E no AV support AVs need to recognise road geometry and road signs

https://www.inframix.eu/infrastructure-categorization/

PRI
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SYSTEM (OR VEHICLE) OPERATIONAL PERFORMANCE

* Vehicle safety

* Travelling comfort Vs

* Driving speed (and travel time) -

* Number of stop Stops System
operational

* Number of handovers of control performance

Number of minimum risk manoeuvres

Ex-post as a consequence of the state-of-the-art.
Ex-ante performance requirements are a necessity!
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ODD AND TRANSITION AREA CONTROL AS A HOLISTIC CONCEPT

Vehicle automation capability SAE 1-5
* No automation (0), driver assistance (1) partial automation (2),

q conditional automation (3), high automation (4), full automation (5)
Digital Vehicl . . . . .
infrastructure aomaton | Scene (incl. traffic dynamic & situational factors)

R sacapapiities * Intersections (cross traffic yes or no), access (restricted, shared, open),

behaviour (homogeneous or heterogenous, thereby predictable)
System . .
t ;i’fféfﬁfif;i'e l Physical infrastructure measures
* Road surface, shoulder or kerb, road markings, traffic signs, road furniture

~ Physical - Digital infrastructure support levels E-A
infrastructure Scene ; . .. B B B L.

measures * Conventional (E), static digital information (D), dynamic digital

_ information (C), cooperative perception (B), cooperative driving (A)

System operational performance

* Vehicle safety, travelling comfort, driving speed, stops, number of
handovers of control and minimum risk manoeuvre
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THE TRANSAID REASONING FOR 12V SUPPORT TransAID

Vehicle automation
capabilities (A)

+

Scene (B)

ODD
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A+7?=B ODD:

? = digital infrastructure measures
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AN
TRANSAID PROJECT OVERVIEW ‘ TransAID
e TransAID (ART-05)

e Transition Areas for
Infrastructure-Assisted Driving

* 01-09-2017 ~ 31-08-2020
* Budget: EUR 3.836.353,75

Seven partners from 6 countries:
DE, UK, BE, NL, EL, ES

e  Website: www.transaid.eu
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http://www.transaid.eu/

TransAID
IDENTIFYING 12V / TM SUPPORT MEASURES g
TO COMPLEMENT VEHICLE AUTOMATION SYSTEMS

= Sense and build environmental awareness

- Situational support: provide relevant
information

= Ability to determine action(s)
- Operational support: provide an
(alternative) action
= Ability to perform action(s) /\\
- Tactical support: arrange favourable Execution
conditions

Perception Planning

ERT PIARC UNITED ARAB EMIRATES Sl Sl
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TransAlD
ODD/DISENGAGEMENT REPORTS FROM THE FIELD Rt

11%
25%
28%
External %
()
condition \ b 43%
11%
System failure
52%
? Other /‘ 12% 3%
el 7% ’ '
8% ’ 11%
9% 21%
= software discrepancy = perception discrepency " poorly marked lanes
Human :actors = construction zone
30% = planner not ready traffic light detection .
= heavy pedestrian traffic
® Jane change = unwanted maneuver of vehicle weather condition
= Other System Failure factors™* = other external condition factors™*

Favaro et al. (2017), Autonomous vehicles’ disengagements: Trends, triggers, and
regulatory limitations, Accident Analysis & Prevention, Vol. 110, pp. 136-148

I
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TRANSAID 12V SERVICES AND USE CASES TransAID
TO PREVENT OR MANAGE TOC/MRM

1. Provide vehicle path information —= -

2. Provide speed, headway and/or
lane advice

3. Traffic separation

4. Guidance to safe spot

5. Orchestration, distribution and

scheduling ash
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TransAID
TRANSAID AREAS OF RECOMMENDATION g

Information services
Traffic control measures
Traffic regulations
Spatial planning
V2X message sets
roadside equipment and signalling,
Urgency
Priority

roles and interaction models
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www.transaid.eu
@transaid_h2020
www.linkedin.com/groups/13562830/

www.facebook.com/transaidh2020/

TRAFFIC MANAGEMENT

ASSUMPTIONS AND FINDINGS REQUIRE VALIDATION

= What are typical causes of unplanned handovers when considering initial Level 3/4 Avs?

= Are the TransAID services meaningful services? And how will the compliance to such services
be, e.g. considering trustissues?

= Should the ODD and/or disengagements of AVs be reported by OEMs?

= What will be the lead-time for taking over vehicle control for different levels of automation?
= Isconnectivity a (regulated) pre-requisite for some levels of automation?

= Would automated driving require the support of some sort of remote support/ back-end?

= Who should decide whether a specific road section is within the ODD of an AV?

= Will Avs be more conservative in terms of headway and lane change behaviour?

And many more reloted to expected, assumed and revealed vehicle behaviour and capabilities.
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