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Goal for Format WP

This WP will focus on the semantic and syntactic aspects of the
ODD description format. It includes the capability to describe
conditional ODD description using some or all ODD attributes.
The format should be able to be used for, but not limited to,

simulation execution
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Why we need an ODD format

« Using a tabular format example from BSI PAS 1883 Annex A []
« Lack of grammar/rules
* Need to interpretation of missing attributes

« Challenge to illustrate dependencies (conditional ODD
statement)

« Limited implementation potentials
* Not necessary compact

« Mixture of data properties, units, classes

Attribute Sub-attribute Sub-attribute Capability
Motorways Yes, thn no
Drivable Radial roads Yes
area type Distributor roads Yes
Minor roads No
Yes, minimum of
Number of lanes two lanes
. . Minimum 3.7m
Lane dimensions
Bus lane No
Traffic lane Yes
Cycle lane No
Lane spec Lane type Tram lane No
Emergency lane No
Other special No
purpose lane
Right-hand No
Direction of traffic
travel Left-hand traftic Yes
Horizontal plane Straight roads Yes
Curves Yes —up to
1/500m
Up-slope Yes
Drivable Vertical plane Down-slope Yes
area Level plane Yes
geometry Divided/undivid Divided
Pavement Yes
Cross-section Barrier on the No
Types of lanes Traffic lane
together
Asphalt Yes
Drivable Concrete Yes
area surface Cobblestone No
type Gravel No
Granite setts No
Regulatory Yes
Type Warning Yes
) Information Yes
Drlvable . . Part-time No
area signs Time of operation Full-time Yes
Variable Yes
State Uniform Yes

[1] - “Operational Design Domain ( ODD ) taxonomy for an automated driving system ( ADS ) — Specification,” The British Standards Institution, BSI PAS 1883. 2020.
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Requirement clusters

Requirement clusters
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Two syntax proposals

Syntax 1 — Utilises OpenSCENARIO 2.0 format

» Object oriented, declarative, domain specific programming language.
» ODD types are declared using a subtype of OpenSCENARIO struct called odd_struct.
* More details please refer to OpenSCENARIO 2.0 documentation.

Syntax 2 — Evolved during the OpenODD concept project, utilises the query semantic approach

« Mapping all attributes to True/False - inclusion/exclusion from the ODD specification.

« Functions include importing, assigning permissive/restrictive at global and local level, extension of the ontology, packaging/composing new
ODDs.

* Eight keywords:

: : DETERMINE Construct new classes/or to assign existing classes using a set of values
INCLUDE Include external files such as ontology file

Assi ing unit and data type to an ODD attributes
MODE Assign permissive/restrictive at the global level QEECERE) °sidn measunng ¥P

SUITABLE / UNSUITABLE Assign permissive/restrictive at the individual statement level TAG Compose multiple ODDs/parameters into a new ODD name

ADDCOND  Add custom extension to an existing domain model or ontology
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Completeness of ODDs

Completeness

/\

Ontology

ODD ontology

» Aset of ODD attributes together with their hierarchy, measuring units and data types

ODD definition

« Always evolving, needs to be extensible, can never be exhaustive

ODD definition

« Utilise an ODD ontology to further define the constraints across the attributes

« Must assign all the available ODD attributes into inclusion/exclusion - Complete coverage

ODD ontology cannot be exhaustive, but ODD definition must be complete

| Example 1 Example 2
Permissive/ Extensibility
restrictive of ontology
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Permissive/restrictive

« Two levels
« Atthe global level
e Atindividual statement level

Permissive/

restrictive

Element specifically Restrictive Permissive Level
stated?

Element is inside ODD
(such as SUITABLE)

Elements is outside ODD
(such as UNSUITABLE)

No, but element is in the Element is outside ODD

ontology

Syntax 1

permissive odd: 0ODD:
keep(road_topology.properties.lane_dimensions in [3..5]m)

keep(road_topology.properties.number_of_lanes in [1..2])

Permissive mode

restrictive_odd: 0ODD:
keep(road_topology.drivable_area_elements.lane_elements.
lane_divider.lane_marking == broken)
keep(road_topology.drivable_area_elements.lane_elements.lanes == single_lane)
keep(road_topology.properties.driving_direction == left_hand_traffic)
keep(road_topology.properties.lane_dimensions in [3..5]m)

keep(all_default_values()) # makes it restrictive

Restrictive mode

Element is inside ODD Global

Individual statement

Syntax 2

INCLUDE odd_ontology
MODE Permissive

SUITABLE laneDimensions is {min:
SUITABLE numberOfLanes is {min:

INCLUDE odd_ontology
MODE Restrictive

SUITABLE Lanemarking is ‘broken€;
SUITABLE Lanes is fsingle lanes®;

UNSUITABLE driving_direction is ‘left_hand_traffic®;

SUITABLE laneDimensions is {min:

1.0, max: 2.0}

Object = Streetlamp ﬂ

Object = Streetlamp

Object = Vegitation

Signal = Traffic light

Roadmark = Zebra crossing

) C Speedb

Signal = Speedlimit (50km/h)

oDD

|

Road Topology ——  Dvable Area

Elements

Lanes — Single lanes

= Lane Elements t Lane divider —= Lane marking = broken
—>  uniform, tarmac

— Surface type

—> Edgeelements |+ grass shoulder
L Sidewalk

— Road — Minor road

— Fixed road structure
3.0, max: 5.0}
»  Street furniture » speed bumps

* Street light » Streetlamp, type LED
" Tree » small needle trees
— Junction
| > Intersection > T-intersection

— Special strcutures
| > Crosswalk

—* Traffic Signs

+ static signs " cross walk
3.9, max: 5.0}; . speedlimit
*  dynamic signs + traffic light
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Extensibility

Extensibility of ontology

Summary:
Due to the diverse stakeholders and use cases, as well as an ever expanding ODD ontology, ODD definition language needs to support the
modification of the underlying ontology from a base model.

Challenge:

Base on BS| PAS 1883 taxonomy, user wants to add ‘too_cold’ attribute onto the existing ‘environment’ class, it is defined when the ambient
temperature is below 20 degree C. Additionally add ‘rain_light’ attribute onto ‘rainfall’ class, defined as when rain rate is less than 5 mm/hr and
droplet size less than 1mm.

Syntax 1 Syntax 2
# adding another feature to the ODD environment type INCLUDE BSI_PAS_1883.0dd
extend ODD_environment_weather_type: ADDCOND too_cold TO Environment/0DD
set too_cold: bool = (temperature < 20Celsius) ADDCOND rain_light TO rainfall/weather/0DD
# adding a feature to rainfall type DETERMINE too_cold WHEN (ambient_ temperature < -20)
extend ODD_rainfall_type: DETERMINE rain_light WHEN (rain_rate < 5) AND (droplet_size < 1)
light_rain: bool MEASURE ambient_temperature UNITS C
keep(light_rain == (rainfall.rainfall_rate < Smm_per_h and MEASURE rain_rate UNITS mm/hr
rainfall.droplet_size < 1mm)) MEASURE droplet_size UNITS mm

# Alternatively, the MEASURE could be combined into the DETERMINE statement to be more compact
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CO m posa b | I |ty Composability

Summary:
The ASAM OpenODD language format should be composable, (i.e., combine ODD definitions into a new, wider ODD). In addition, the ability
to re-use a defined section of an ODD should also be possible.

Challenge:

Given ODD_1 (motorway ODD), ODD_2 (specify wind conditions) , ODD _3 (specify rainfall conditions), ODD_4 (specify snowfall conditions).
1. Construct a weather ODD (ODD_5) by combining ODD_2, ODD_3 and ODD 4

2. lllustrate how to obtain the intersection, union and difference between two ODDs

Syntax 1 Syntax 2
oddl: ODD:
keep(road != motorway) UNSUITABLE road_type WHEN motorway TAG 0ODD1
odd2: 0ODD: UNSUITABLE weather_type WHEN storm TAG ODD2
keep(weather.wind != storm) SUITABLE rain_type WHEN none OR light TAG ODD3
odd3: 0ODD: UNSUITABLE weather_type WHEN snow TAG ODD4
keep(weather.rain in [none, light])
odd4: 0ODD: SUITABLE * WHEN ODD2 AND ODD3 AND ODD4 TAG ODD5
keep(weather.snow == none)
# Intersection:
odd5: 0ODD: # feature selection SUITABLE * WHEN ODD1 AND ODD2 TAG ODD3
keep(weather.wind == odd2.weather.wind and
weather.rain == odd3.weather.rain and 7 Wliseit
weather.snow == odd4.weather.snow) SUITABLE * WHEN ODD1 OR 0ODD2 TAG ODD3

# Difference ODD1-0DD2:
SUITABLE * WHEN ODD1 AND NOT(ODD2) TAG 0ODD3

odd5_1: ODD: # union

keep(weather == union(odd2.weather, odd3.weather, odd4.weather)
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Conditional

Conditional statement S

Summary:

Language specification needs to support conditional statement or reduced ODD. This can be tackled by imposing constraints on the full
operational range of specific attributes.

Challenge:

Given an ODD hierarchical tree, we would like to express that motorway is only suitable when there is no rain (conditional ODD statement),
within the geometry, up-slope is not suitable, all weather conditions are suitable

Syntax 2
Syntax 1

oddl: ODD: SUITABLE Motorway EXCEPT WHEN Rain

keep(weather.rain != none => road != motorway)# no motorway in rain SUITABLE Vertical geometry EXCEPT WHEN Up_slope

keep(geometry.vertical != up_slope)
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Thank you for your attention!

Dr Xizhe Zhang
Format WP lead — ASAM OpenODD Concept project

Lead engineer (simulation lead), Intelligent Vehicles,
WMG, University of Warwick, UK

Email: jason.zhang@warwick.ac.uk
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