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What are the new safety aspects of Automated Driving?

Traditional Functional 
Safety (FuSa) considers 
hazards caused by failures
of E/E systems 

Misunderstandings, 
Mode Confusion, 
Overburdening  and 
Misuse
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Misfit between 
system assumptions 
/ specification and 
actual environment

BUT

Limited Sensor 
Performance / Impairment 
by environmental 
conditions

Inpredictable behavior
of Machine Learning 
Algorithms

FuSa
ISO 26262

SOTIF
ISO 21448
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What is an ODD?

Each axis is one measurable feature or parameter of the operating conditions
Green area delimits the authorized operating conditions (ODD)
Red parts are operating conditions not intended for AD operation (i.e. outside ODD)

Possible driving range

ODD

Operational Design Domain (ODD) :=
“specific conditions under which a given driving automation 

system is designed to function”

ISO DIS 21448

“operating conditions under which a given driving automation 

system or feature thereof is specifically designed to function, 

including, but not limited to, environmental, geographical, and 

time-of-day restrictions, and/or the requisite presence or absence 

of certain traffic or roadway characteristics.”

SAE J 3016



Possible driving range

ODD

Scenarios
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How does the ODD relate to scenarios?

Scenarios are just samples – like test cases in software testing.
Finally, they must sufficiently (i.e. by equivalence classes) cover the whole ODD

Scenarios that start inside ODD 
and (unintentionally) leave the 
ODD are safety relevant!

• Some people believe that a list of typical scenarios defines an ODD
• This is not correct – scenarios happen in the context of the ODD
• However, there is a close relation between ODDs and scenarios:

1. The ODD provides the context for the driving/test scenarios
2. The ODD (and possible situations therein) provides input to the

AD function specification – which then serves as the basis
(expected behavior of the AD function / pass fail criteria) for the
test scenarios

3. For each scenario it can be checked for each point in time 
whether the subject vehicle is inside or outside its ODD

4. Sufficient coverage of the ODD (with all of its aspects, egde
cases and rare events) will eventually have to be shown
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Possible Representations of ODDs: Tabular Notations
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Possible Representations of ODDs: Formal Languages

The ASAM OpenODD Initiative aims at 
defining a formal and exchangeable 

specification format for ODDs.

Formalizing an ODD language requires
a syntax definition (grammar) and an 
ontology (terminology and possible 

relations between objects)

An ODD language can (and should) be
human-readable.
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Why a structured definition of ODD is important

• Aspect 1: Know what is in your universe (i.e. everything you have to master)

‐ An automated vehicle must be designed and validated to safely operate under any conditions within ODD

‐ The remaining risk of unforeseen conditions that are in the real ODD but not in the specficiation or test

cases must be estimated („edge cases“)

‐ The ablity to accurately describe all aspects inside the ODD (all road types, objects, environmental 

conditions, expectable maneuvers etc.) is key to an accurate and complete requirements specification, 

safety analysis and test/simulation scnenario set for the AD function

• Aspect 2: Know where your universe ends (i.e. continuing outside is unsafe)

‐ The capability of an automated vehicle to determine where it is safe to operate and where not

‐ The challenge is that the automated vehicle must detect the ODD edges onboard (i.e. onboard sensors, 

HD maps and self-localization, V2X) and in real time to base safety-critical decisions on it

‐ E.g. when to forbid activation of a function, when to call for driver-takeover or stop the vehicle, when to modify behavior, e.g. by

disabling subfunctions or limiting the speed

‐ The ability to accurately describe the conditions that determine the limits of the ODD is key to design safe

ODD sensing and decision making algorithms, and corresponding test cases to validate these
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The significance of the ODD for the SOTIF Process

ODD

UC1

UC2

UC3

UC4
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ODD as Requirements/Constraints for AD Function UC1

ODD

Aspect Value Range

Road types Highway

Speed range <= 120 kph

Time of day any

Visibility >= 50 m

Pedestrian sproradicly
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Requirement with regard to „Leaving the ODD“ UC1

Scenario Example

• I‘m driving through the city
• I‘m entering a highway
• I‘m switching on Highway Pilot
• After 2 h, it starts to get dark

ODD Example

Highway Pilot is only allowed
• On highways
• At bright daylight

Danger!
Leaving ODD!



HARA Procedure for Highly Automated Driving (Level 3 - 5)

Inappropriate
Behavior or 

Reaction

Input Output

Exposure / 
Statistical 
Frequency

Controllability 
(C)

Severity 
(S)

Activities

Potential
Human

Intervention

Possible 
Injuries

Hazardous
Consequences /

Accident

Situation 
Catalog

Expected 
Behavior or

Reaction

Relevant
Scenarios

To V&V

ASIL / 
General 

acceptability

Top EventHazardous
Event

Safety Goal /

Veh. Level 

Constraint

FTTI & Further

parameters

Safe State /

Min. Risk 

Condition

Interfaces &
Control 

Structure

Automation 
Features

ODD

UC2

ODD as a central input to derive the 
situations for which the risk 
associated with hazards is assessed.
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ODD as Scenario Space for Hazard Analysis UC2

12

Additional Exposure Parameter 
for Risk Assessment
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ODD as Scenario Space for Hazard Analysis UC2
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 ighway   dry

etc...

genera  driving

specia  situations

speed    e ow     m h

speed     ...    m h

speed     ...     m h

speed   a ove      m h

entering highway

e iting highway

in a traffic  am

passing through construction site

Exceptional situations:

• emergency braking

• animal on highway

• fallen motorcyclist

+ +

Full factorial of a few basic
features (e.g. road type)

Unbalanced refinement for more details, 
as appropriate (where not needed put: „any“)

On-demand addition / or
separate analysis of special or

rare side conditions

Weather

dry rainy icy

R
o

ad
 T

yp
e City Street

Country Rd

Highway

Decoration:

• Bridge

• Tunnel

• Guardrails

• Traffic Signs

Explicit List of Extra Decoration

1 32

Combinatorial Explosion – Keeping the HARA manageable
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Hazard Analysis (FuSa & SOTIF) based on Situation Catalog UC2

14



15

ODD as a source for SOTIF V&V scenario specification UC3

Enrichment

Scenarios
from Road 

Testing

Scenarios
from Spec

(e.g. NCAP)

Scenarios
from Safety

Analysis

Building
Brick 

Repository

ODD
Traffic

Parameter
Statistics

Parameter 
Assignment

Concrete
(Executable) 

Scenarios

Concrete
(Executable) 

Scenarios

Concrete
(Executable) 

Scenarios

Abstract 
Scenarios

Logical 
Scenarios

Simulation Environment with SuT
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How to measure coverage of the ODD with test scenarios?
• Scnenarios are similar to test cases in software testing: 

They sample just a few representatives from a large and dense input space
• The ODD has a huge combinatorics of enumerative attributes.
• The ODD also contains attributes from continuous value space (e.g. lane width).

• Scenarios are „infinitely thin lines“ – even a large number of them cannot really cover the ODD
=> A notion of sufficient coverage must be found (i.e. risk of overlooked hazardous scenario sis

acceptably low)

a) Partition the ODD into equivalence classes
and cover them with representative scenarios

b) Use logical scenarios that cover a range of
values for each parameters and vary them

UC4

Solutions:

Risks:
• Missing egde cases / 

„black swans“
• Strongly nonlinear

behavior of ML
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Metrics to rate ODD coverage by V&V scenarios UC4

ODD Definition

Metrics

Taxonomy / 

Ontology

Exposure

Probability

OpenODD Language 
(including aspects accessible through extension mechanisms)

Queries
Dynamic 

Aspects

Uncertainty

Onboard

Decision Making

Partitioning and 

Equivalence

Classes Basic Libs

(e.g. math)

Metrics are not 
restricted to
metrics about
ODDs.
Also in scope: 
metrics about
how well an 
ODD is covered
by a set of test
scenarios
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Summary

• Safety (FuSa, SOTIF, etc.) are a key property of AD functions to be accepted by the society

• Safety processes (e.g. ISO 21448) require a variety of activities

• Many of them are based on a stringently defined ODD

• Examples:

• Specification of Requirements, design of architecture and algorithms based on the ODD

• Situation catalog for Hazard Analysis based on the ODD

• ODD as an important source for deriving concrete V&V scenarios for test and simulation

• Coverage metrics to enable to judge test completeness and residual risk

• ASAM OpenODD will provide a notation for ODDs and related information, e.g. metrics about ODDs


