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• Importance of ODD/Operating Domain

• Our Approach

• A language for Ontologies

• Use Cases

• Requirements from Five

Topics📌
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Five AI Inc. © 2020

Team of 130 engineers and 
computer scientists 
focused on solving the hard 
problems in self-driving

Built level 4 reference stack 
with UK government support 
and taken hundreds of test 
drives over 21km route in 
London during 2019

Recognised the size of the task 
and the need for $ billions in 
capital to deliver safe 
self-driving services

Closed $41M Series B (final 
tranche Feb 2020) based on 
pivot to deliver key tech for V&V 
to firms spending those billions

- Director of Assurance @ Five
- Prev. Safety and Robust Software @ NASA
- Prev. Formal Verification + DSLs and 

programming language semantics



ODD and Operating 
Domain
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The London Driving Domain
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An ODD

system is safe

system safe in 
ODD

system detects 
ODD MRC safe

operational 
design domain

Digital road 
rules

Scope of an ontology🙃

Driving ontology can represent your whole 
operating domain.

 
An ODD classification needs to select the 
subset where you consider safe operation



Our approach
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Our approach

Coherent tooling for a formal ontology, with formal releases 

Reference it formally and with traceability throughout company

Currently: hard-coded map between OpenX

Represent ODD, Road Rules, Scenarios using this language

Feed directly into into safety case: backbone for structure



Ontology
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Version-controlled cloud-based Integrated 
Development Environment for specifying a driving 
domain ontology, ODDs, and “scenes” AKA scenarios 
in that domain ontology.

At the top level we have a “world scene”, which 
defines an instant snapshot of a scenario.



Domain Specific Language for specifying ontology 
elements. A simplification of a fully-featured OWL 
language.

Completely customizable, though top-level is 
integrated with a scene language (more later).



Environment part of 
the ontology.

Ability to tie to 
real-world values. 
Tooling to determine 
consistency.

Hierarchy. (of course)



Ditto for all the road 
elements that we 
see. 

cf. Domain models in 
OpenX

Much more of this. 
Broadly similar to 
PAS 1883 but adds 
Structure



Some more 
examples, for vehicle 
manoeuvres.



Detailed child 
classes.



ODD
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Domain Specific 
Language for 
declaring which parts 
of our ontology are in 
the ODD



Specific mechanism 
for parts of ontology 
not mentioned. Other 
option is restrictive

Simple syntax for 
talking about single 
dimensions and 
attributes



This is an IDE. It 
supports the writing 
of consistent rules.

Animals is not a 
traffic density

Can’t both allow and 
not allow low 
density traffic



Hierarchy is 
respected

anything allows or 
disallows all 
subclasses



Finer grained control 
over your ODD 
specification via the 
‘local restrictions’



High-level scene 
annotation
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High-level static 
scene description 
language. Functional 
mapping from 
OpenDrive

Driven by structure 
of ontology

(Ugly syntax, I know)



High-level dynamic 
scene. Comes from 
OpenScenario + 
TraceFormat

ODD is checked in 
these languages



Writing road rules
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Formal rule 
specification.

Combines Ontology as a 
predicate with queries 
on scenarios 
(observations in OSC 2.0)



Use Cases
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• As an engineer, I would like to understand exactly what 
“gentle acceleration”, “light rain”, “merge in turn” means in 
my company

• As a Verification engineer, I should have confidence that 
when I choose “light rain”, “dual carriageway” etc. in my 
scenario language, it will be the same as my system is 
supposed to consider it in the real world

• I would like to be able to formally specify my ODD

• I would like to check the consistency of my formal 
definitions

Use Cases🚦
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• As a validation engineer, I would like to be able to extend 
my ODD/Ontology (Specification) when I discover an edge 
case

• As a safety engineer, I would like to be able to measure 
how well I have scenarios covering my operating domain

• As a field operations engineer, I would like to be able to 
label directly using the ontology

• As an annotator, I would like to label in accordance with the 
ontology

Use Cases🚦



Requirements
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• Formal

• Need to be able to reason about it

• Need to be able to ‘package’ and share

• OpenDrive and OpenScenario should map directly

• domain model = ontology

• ODD is complex -- you need support to write it

• Have languages

• Uniform between real and simulation

• Otherwise, no safety guarantees from simulation?

• Traceability to safety case

Requirements🚦



Thank you!
(And please write me if you’d like a demo of the actual tooling!)

iain.whiteside@five.ai


