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what is a reasonable and
foreseeable expectation of
braking of the leading vehicle
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What should the
value of B,,., be?

A\

Different braking capability
means different stopping distances =
2018 Porsche 911 CT34 Qe .57
2018 Cotvette C6 2063 s |03 |

2016 Mazda CX52 e ]

2016 Jeep Cherokee2 R 0.5
2015 Ford F15071 S =819
NHTSA Research4 e 5,57

¥ max braking force (m/s2)

1 https://www.brembo.com/en/company/news/50-special

2 https://www.motortrend.com/cars/mazda/cx-5/2016/small-crossover-comparison-big-test/
3 https://special-reports.pickuptrucks.com/2015/01/2015-annual-physical-braking.html 4 https://one.nhtsa.gov/DOT/NHTSA/NRD/Multimedia/PDFs/VRTC/ca/capubs/nhtsalvabs5.2-5.3final.pdf

Calculations were made using initial velocity, vi (100kph or 60mph) and stopping distances, d, with the formula: force=v; / (d*( 2/vi))

intel 5

FRAV-11-08 submitted by IEEE, 11th FRAV session, 30 March 2021


https://www.brembo.com/en/company/news/50-special
https://www.motortrend.com/cars/mazda/cx-5/2016/small-crossover-comparison-big-test/
https://special-reports.pickuptrucks.com/2015/01/2015-annual-physical-braking.html
https://one.nhtsa.gov/DOT/NHTSA/NRD/Multimedia/PDFs/VRTC/ca/capubs/nhtsalvabs5.2-5.3final.pdf
jfcreamer@aol.com
Typewritten text
FRAV-11-08 submitted by IEEE, 11th FRAV session, 30 March 2021


Speed Limit 55

S = )
............ N i G 8 2
"""" Leading Vehicle -=1e m7§ N\

Minimum Sound Requirements

for Electric Vehicles Sl

Assumed Maximum Acceleration
Occluded Pedestrian

: 6

1.0 m/s2



jfcreamer@aol.com
Typewritten text
FRAV-11-08 submitted by IEEE, 11th FRAV session, 30 March 2021


IEEE P2846: Assumptions

for models in safety-related av behavior

Industry and Government must align on what are the reasonable and foreseeable assumptions
that an AV'’s safety model should use when operating in the real world.

>30 Entities

representing OEM'’s, Maa$S Providers, Tier 1's, Suppliers, Universities and Governments, globally!
Liaison agreement with ISO and soon SAE and ITU
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Newest Members: AMD, Ford, Honda, Rivian, Zoox
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Key Term: Safety-Related Model

» safety-related model: Representation of safety-relevant aspects of driving
behavior, based on reasonably foreseeable assumptions about other road

users behavior.

NOTE 1: Examples of safety-related models can include those related
to motion planning, as well as on-board and off-board safety checkers
and analyzers;

NOTE 2: Safety-related models could apply to both ADS as well as
representations of other road users.

NOTE 3: Safety-related models can take many forms. Example
formulations may include; definition of a driving policy; definitions as a
formal mathematical equation, or as a set of more conceptual rules, or
as a set of scenario-based behaviors, or a combination thereof.
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Methodology

» [dentify kinematic properties of road users

* Formulate into bounded assumptions that shall be used in safety-
related models

» [dentify representative high-level scenarios

= Perform example scenario analysis to illustrate how assumptions
can be mapped to scenarios
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Derive the Minimum Set of Assumptions

Minimum Set of Assumptions

Pedestrians

Vehicles

o] < v

o0 < v

Road Users' Kinematic Description and Notation

POl < vl

POl < vl

a'"(t) < g

a'™(t) < gy

a'(t) < i

a'(t) < i

Bl < Bt

Bl () < Bt

Bl (1) = Budty

Bl (1) = Buth

BU(t) = B

BU(t) = B

Notation Description
plat ylon | [ateral and longitudinal velocity of a road user
alat glon | lateral and longitudinal acceleration of a road user
plat, glon | lateral and longitudinal deceleration of a road user
h heading angle (yaw) of a road user
h' heading angle rate of change (yaw rate) of a road
user
p response time of a road user
A lateral margin for small lateral movements

performed by a road user when moving in forward
motion

FRAV-11-08 submitted by IEEE, 11th FRAV session,

|h(D)] < hmax |h(®)] < hipax

[ (O] < R max [ (O] < R max
1l < Anax 1Al < Anax
P < Dmax P = Prmax

30 March 2021
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|[dentity Representative High-Level Scenarios

Scenario Name

Ego Vehicle Driving Next to Other Road Users

Ego Vehicle Driving Longitudinally Behind Another Road User

Ego Vehicle Driving Between Leading and Trailing Road Users

Ego Vehicle's Path Intersecting with VRU Crossing the Road

Ego Vehicle's Path Intersecting With Other Road User's Path Moving In
Opposite Direction

Ego Vehicle Negotiating an Intersection With Non-Occluded Road Users
Ego Vehicle Negotiating an Intersection With Occluded Road Users

FRAV-11-08 submitted by IEEE, 11th FRAV session, 30 March 2021 intel
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Perform Scenario Analysis to ldentity Assumptions

Normative Assumptions are represented by parameters in safety models

lon
B,
‘A

other road user

)

ego-vehicle

Car Following Scenario

ASSUMPTION PARAMETER

Maximum assumed longitudinal deceleration 1B (@) < BroR,

FRAV-11-08 submitted by IEEE, 11th FRAV session, 30 March 2021 Intel.
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Perform Scenario Analysis to ldentity Assumptions

Normative Assumptions are represented by parameters in safety models

)

other road user ego-vehicle

lon
B,
‘A

@ p other road user ego-vehicle

Car Following Scenario Pedestrian Following Scenario
ASSUMPTION PARAMETER
Maximum assumed longitudinal deceleration plon()| < plon.
Maximum assumed longitudinal velocity vion()| < vion
Maximum assumed longitudinal acceleration alon(t)| < alon,
Maximum assumed heading angle rate change ()| < W opax

FRAV-11-08 submitted by IEEE, 11th FRAV session, 30 March 2021 intel 3
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Perform Scenario Analysis to ldentity Assumptions

Normative Assumptions are represented by parameters in safety models

Ego Vehicle Driving Next to Other Road Users

ASSUMPTION PARAMETER

Maximum assumed lateral deceleration T (= ,6’71,%1

Maximum assumed lateral acceleration al®t(t) < aldt,
Maximum assumed response time P =< Pmax

Maximum assumed lateral position fluctuation |,ulat| < plat

FRAV-11-08 submitted by IEEE, 11th FRAV session, 30 March 2021 intel_ 14
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Perform Scenario Analysis to ldentity Assumptions

Scenario Schematic Examples

vehicle at intersection driving
straight

) os————— —— i
plondat glonlat | : Q EE
ﬂlan.lat @P @‘ i

|
Ego vehicle turning left at
intersection with priority. Other
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plonlat glonlat ‘4‘ ai
lon.lat ‘“

B p

Ego vehicle driving straight at
intersection with priority. Other
motorcycle at intersection going

against the controlling signal

Ego vehicle driving straight at
intersection with priority. Other

vehicle, in opposite direction,
turning left
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plonlat plonlat

plcm,(ut @ p

Ego vehicle turning right at intersection, and another
road user is blocking visibility of potential incoming
traffic

plontat glonlat

plontat ® p

lat

1. K

Ego vehicle turning right at intersection with limited
visibility due to a parked vehicle

lat

= R S u
lon,lat i P
plontat lonlat N d lat

Bion.iat ®P e—
i’ - ‘I @
l I I dlan
| .

3

Ego vehicle turning left at intersection, and another
road user is blocking visibility of potential incoming
pedestrians at crosswalk

plontat plonlat

= ﬁlon.!ut ®p
W

Ego vehicle turning right at intersection with limited
visibility due to static and dynamic objects in the
scene
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Perform Scenario Analysis to ldentity Assumptions
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Outline of the Standard

= Clause 1: Introduction
= Clause 2: Normative references
» Clause 3: key terms and definitions

» Clause 4: Normative minimum set of assumptions that shall be
considered by safety-related models.

» Clause 5: Common Attributes of Suitable Safety-Related Models
(Informative)

» Clause 6: Verification Methods for Assumptions used in safety-related
models (Informative)

= Annex: Example Application Areas: Formal Models and Scenario Based
Simulation
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Status of the Standard

= April: Technical Editor Secured — Candidate Draft End of April
* May: SAE ORAD and ISO TC 22 / SC 32 / WG 8 Reviews

= June: Revised Draft ac

G

» July: Draft Standard A

ressing SAE and ISO feedback

O

proved within Working Group

» July — September: IEEE Public Commenting / Society Approval
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