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WHY? WHAT?




WHY?




Real-time decision making Monitoring and maintenance

Vehicle-to-Vehicle (V2V) and
Vehicle-to-Infrastructure (V2I)
communication

Fleet management and
optimisation

Mapping and navigation Data sharing and collaboration
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WHAT? HOW?




DATA SERVICES




Infrastructure

Passive
data

“One- ¥

time/
irregular

/ batch

Low- Latency
High Bandwidth

Z=NzIC”

High- Latency
Low Bandwidth
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Key Categories Identified

Data standards
and cooperative

data sharing

Physical Skills and
infrastructure education

Z=NZIC"



Key priorities for CAM Infrastructure & Data
Services to 2035
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Thank you

Contact Info:

mili.naik@zenzic.io
Zenzic.io
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AGENDA 4;;%/{//%;/*{%'”
= Rapid Intro:
- Who am |?

- What Is Project Harlander?
B HORIBA MIRA's SAE Level 4 Safety Case Lifecycle
W In-Person Route Review In Belfast | February 2024
M V&V Testing:

- Simulation

- ASSURED CAV

IRA Iitd. 2024 14




A Bit About Me | Michael Orgill msci (Hons) MIET MinstP //////////ﬁ|m

RIBA

\HORI
.

B 2020: Theoretical Physics MSci, University of Birmingham.
B Ever since: HORIBA MIRA's Connected & Autonomous Vehicles (CAV) team

B Commercial and CR&D Projects including:
- US & South-East Asian Start-Ups
- European OEMs
- Construction & Mining machinery

- Innovate UK Consortia

© HORIBA MIRA Ltd. 2024 115



Project HARLANDER < MRA

A

B Attended Trial of a Level 4 ADS around part of the Belfast Harbour Estate.

B - 2 km route to and from the train station via,

Trial: Q1 2025

- for commuters: industrial buildings, workpl:

’ " Only halfway through
- for students: the local college | [
- for tourists: the Titanic Museum, the Giants’ Ice Hockey Stadium

Harlander

paretast @) ((Zoyura ) ANGOKA COXO @

© HORIBA MIRA Ltd. 2024 16




SAE Six Levels of Autonomy | J3016C Taxonomy (2021)

y

ORIBA COMPANY

////

““MIRA

SAE J3016™ LEVELS OF DRIVING AUTOMATION"™

Learn more here: sae.org/standards/content/i3016 202104

INTERNATIONAL

SAE SAE SAE SAE SAE SAE
LEVELO"§ LEVELT" § LEVEL 2" LEVEL3"§ LEVEL 4" LEVEL 5"

You are not driving when these automated driving
features are engaged - even if you are seated in

Whhat does :lh\e you are not steerir “the driver's seat”
uman in the
river’s seat : :
dhaverto do? patures; When the feature These automated driving features
4 yotl must steer, 1 requests, will not require you to take
st drive over driving
These are automated driving features
These features can drive the vehicle This feature
under limited conditions and will can drive the
not operate uniess-all required vehicle under
What do these conditions are met all conditions

features do?

» traffic jam *local driverless *Same as
chautfeur Laxi level 4
but feature
ape /
Example E{L;iar:;’ can drive
Features ST sverywhere

) ay or
wheel may o inall

conditions

may not be
installed

Source: SAE International, J3016C Taxonomy, 2021, sae.org/standards/content/j3016_202104

© HORIBA MIRA Ltd. 2024
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Select
Vehicle

Type

Select
Route(s)

Confirm
Compliance

*Vehicle regulations
*Road traffic law
*Standards and guidance
*Insurance

Define Vehicle

Performance

HORIBA MIRA'’s SAE Level 4
Safety Case Lifecycle

Requirements

+ODD
*Behavioural Competencies

Specify
Environment

Implement
mitigations

Analyse

*Operational guidance
«Stakeholder engagement
*Ethics assessment

L4 Safety
Cases
System &
deployment

Assess System
Safety

Analyse _~&

Proving
Ground
Risk

*SOTIF
*Functional Safety
*Cyber Security

L2 Safety
Cases
System &

Test &

deployment

Approval
Safety Case
System &
Deployment

Test &

Assessment

HORIBA COMPAN

4

ZMIRA

Assess Operational
Safety

*Route Assessment

*Operational Risk
Assessment

*Human Factors

*BSI PAS 1881 Compliance

—

Maintain the
Safety Case

*Continuous improvement
*Trial Safety monitoring
*Change control process

© HORIBA MIRA Ltd. 2024
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In-Person Route Review | February 2024 /// {IIIRA

////

B 3 HORIBA MIRA Engineers

B By car (onroad), as well as on foot

Wide Single Lane

Driving Two Abreast

© HORIBA MIRA Ltd. 2024 19



In-Person Route Review | February 2024 /// {IIIRA

Cyclists

© HORIBA MIRA Ltd. 2024 20



In-Person Route Review | February 2024 {{/;//////{MRA

Parked or
Queuing
Small
Vehicles

(Cars)

s —

© HORIBA MIRA Ltd. 2024
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In-Person Route Review | February 2024 //M’%IRA
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© HORIBA MIRA Ltd. 2024



In-Person Route Review | February 2024 ///////////{MRA

Y 4

Often py

Lane

Parked
Large
Vehicles

© HORIBA MIRA Ltd. 2024



In-Person Route Review | February 2024 v //ﬁMRA

/f/’//

L3
.
!

Vehicles

© HORIBA MIRA Ltd. 2024



In-Person Route Review | February 2024 //{///////{MRA

A

Undertaking
In a Bus Lane

By an Audi — obviously!

© HORIBA MIRA Ltd. 2024



In-Person Route Review | February 2024

© HORIBA MIRA Ltd. 2024

A IBA C
.

Late or
abandoned
pulling out

by actors




In-Person Route Review | February 2024

© HORIBA MIRA Ltd. 2024

PEDESTRIANS!

4

ZAMIRA




In-Person Route Review | February 2024 {{/Z//////{MRA

Large or

Long
Vehicles
Turning-in-
the-Road

28



In-Person Route Review | February 2024 /// {MRA

The Zebra-Crossing
Boogie-Man

© HORIBA MIRA Ltd. 2024 29



6LM | PEGASUS | Example //{IIIRA

4
/ Ego Velocity

B
- D=600m Ego / Road Surface
7 _— Road Markings

P L—. L1: Road fevel | — Geometry & Topology

L2: Traffic Infrastructure |— Tt i, Juiehes

Axes L3: Temporary \ Roadside / Street Furniture
AA - Trajectory of pedestrian dummy H-point /7
L4: Objects Actor Type

BB — Axis of centerline of Vehicle under Test
L5: Envwonment
Actor Kinematics (tlme)

Distances
D — Dummy H-point, start position to 50%-impact
F — Dummy acceleration distance (running)

Points
L - Impact position for 50% scenarios
RP - Reference Point (dummy hip-point)

L6: Digital \
[llumination

Figure 9a: CPFA-50 scenario, Adult running from Farside \

© HORIBA MIRA Ltd. 2024 30
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Battleships Analogy // “MIRA

So, we selected two
L4 “Use Cases” to
exercise robustly:

Depth over Breadth of
L4 V&V Testmg

()  Overtaking a Cyclist
(i)  Navigating through Traffic
Light Intersections

Parameter3

Parameter1

© HORIBA MIRA Ltd. 2024
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Gearing up for the Safety Case | a Framework

Specifications

© HORIBA MIRA Ltd. 2024

Hazardous
behaviours

®
®
@

Risk
Assessment
SO or C0?

@
@

Identification of
Functional
Insufficiencies

Identification of
Triggering
Conditions

System
Modification
recommendations

ODD Modification
recommendations

Acceptance
Criteria Setting

Validation
Targets
Specification

4

AHORIBA COMPAN

< MIRA

Evidence
Review




Extrapolating the SOTIF Principles | ISO 21448 /////{/HRA

>

Safety Case(s)

TN\
| tem definiion JREEEEE
BT
4—
/I

\ /

System development System verification
Implementation

Harlander

© HORIBA MIRA Ltd. 2024 33



Explore, Justify, Mitigate | the SC Evidence ///{//////{MRA

4

Acceptance
Criteria Setting

Validation Targets
Specification

Triggering
Conditions

Standards & Parameter Pro;ﬁime Scenario Test Test Analysis & Evidence of
Regulations Identification Scoping Sampling Planning Execution Hypothesis Compliance
: BS| Flex 1889 : :

to exchange
Simulated

Scenarios O O

© HORIBA MIRA Ltd. 2024




Questions, Comments & Discussion

5 minutes




Scalable Simulation-based Safety

Assurance Framework

Dr Jason Xizhe Zhang JWMG

Simulation Lead (Principal Engineer), RSITY OF WARWICK
Verification & Validation,
WMG, University of Warwick, UK

26 April 2024



V&V Continuum

Scenarios

|
|
Certification / Safety |
Evidence & Argument |

|

© Xizhe Zhang, 2024

\%AY4

IWMG

THE UNIVERSITY OF WARWICK



V&V Continuum

Scenarios > I Environment :
Evidence & Argument

|
|
Certification / Safety |
|
|
|

\%AY4

I\WMG
© Xizhe Zhang, 2024 THE UNIVERSITY OF WARWICK



V&V Continuum

Scenarios

input

v

Scenarios

v

I
I Digitalworld |
:. Simulation :

1
I Simulated I
| Environment :

1
I Test/Controlled :
|

© Xizhe Zhang, 2024

v

|
|
Certification / Safety |
Evidence & Argument |

|

|
|
Certification / Safety |
Evidence & Argument |

|

I testin

L ------ g -
I —————————— 1
I  RealWorld !
i trials I
L

T /

IWMG

THE UNIVERSITY OF WARWICK



V&V Continuum

Scenarios

input

v

Scenarios

v

I
I Digitalworld |
:. Simulation :

1
I Simulated I
| Environment :

1
I Test/Controlled :
testing i

|
1 Real World

© Xizhe Zhang, 2024

C

23

>
Q@

Virtual

v

|
|
Certification / Safety |
Evidence & Argument |

|

|
|
Certification / Safety |
Evidence & Argument |

|

1 trials I
L

NG J/

—]
l Real world

LIWWMG

THE UNIVERSITY OF WARWICK



V&V Continuum

Scenarios

input

v

Scenarios

v

Digital World

Simulation

Simulated
Environment

1
I Test/Controlled :
testing i

|
I Real World I

© Xizhe Zhang, 2024

Using
output

Virtual

v

|
|
Certification / Safety |
Evidence & Argument |

|

|
|
Certification / Safety |
Evidence & Argument |

|

1 trials I
L

T /

l Real world

IWMG

THE UNIVERSITY OF WARWICK



Simulation Framework at a Glance

Visualisation

N

/

> SUT

e

Scenario Engine

Scenarios

<€

Analysis Engine

T— Safety Pool " scenario database

© Xizhe Zhang, 2024

\AY4

IWMG
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,

WMGSIM Create H Execute

Enter Your SafetyPool APl Key

Enter Your Test Suite Number

Retrieve Scenarios

\AY4

IWMG

© Xizhe Zhang, 2024 THE UNIVERSITY OF WARWICK



f

WMGSIM Retrieve Create Execute

" Retrieved Scenarios |

\AY4

IWMG

© Xizhe Zhang, 2024 THE UNIVERSITY OF WARWICK



~

WMGSIM Retrieve Execute

\AY4

IWMG

© Xizhe Zhang, 2024 THE UNIVERSITY OF WARWICK



~

WMGSIM Retrieve Create H

Select Test Suite v Select your OpenDrive/Scenario File v

Optional Scenario
Parameters

Select ODD File ~

Select View ~

Select Sensor ~

© Xizhe Zhang, 2024

\AY4

IWMG

THE UNIVERSITY OF WARWICK



Retrieve Create “

Demo . demoscenev5.xodr -

Generate Scenery

Optional Scenario
Parameters

Select ODD File ~

Select View ~

Select Sensor ~

© Xizhe Zhang, 2024
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Retrieve Create “

Demo . demoscenev5.xodr -

Generate Scenery

Optional Scenario
Parameters

Select ODD File ~

Select View ~

Select Sensor ~

© Xizhe Zhang, 2024
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IWMG

© Xizhe Zhang, 2024 THE UNIVERSITY OF WARWICK



\AY4

JIWMG
© Xizhe Zhang, 2024 THE UNIVERSITY OF WARWICK



Datetime & Location Editor >

\%AY4

LIWMG
THE UNIVERSITY OF WARWICK
© Xizhe Zhang, 2024



Demo v demoscenevbday. xosc v

Execute

Scenario
(Without Analysis Engine)

Retrieve Create

Execute
Scenario

(With Analysis Engine)

Execute
Scenario <

(With System Under Test)

Optional Scenario
Parameters

Select ODD File ~

Select View ~

Select Sensor ~

© Xizhe Zhang, 2024
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Demo v demoscenevbday. xosc v

Execute

Scenario
(Without Analysis Engine)

Retrieve Create

Execute
Scenario

(With Analysis Engine)

Execute
Scenario <

(With System Under Test)

Optional Scenario
Parameters

Select ODD File ~

Select View ~

Select Sensor ~

© Xizhe Zhang, 2024
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IWMG

THE UNIVERSITY OF WARWICK
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Execute

Scenario
(Without Analysis Engine)

Retrieve Create

Execute
Scenario

(With Analysis Engine)

Execute
Scenario <

(With System Under Test)

Optional Scenario
Parameters

Select ODD File ~

Select View ~

Select Sensor ~

© Xizhe Zhang, 2024
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Execute

Scenario
(Without Analysis Engine)

Retrieve Create

Execute
Scenario

(With Analysis Engine)

Execute
Scenario <

(With System Under Test)

Optional Scenario
Parameters

Select ODD File ~

Select View ~

Select Sensor ~

© Xizhe Zhang, 2024
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-~

WMGSIM

Demo - demosceneviday.xosc o o

Execute

Scenario
(Without Analysis Engine)

Retrieve Create H

Execute
Scenario

(With Analysis Engine)

Execute
Scenario

(With System Under Test)

Optional Scenario
Parameters

Select ODD File ~

Follow Ego

© Xizhe Zhang, 2024
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EHATTACHAR

BULOING

IWMG

© Xizhe Zhang, 2024 THE UNIVERSITY OF WARWICK



Qualifying Simulation Environment (VTE)

© Xizhe Zhang, 2024 o THEUNIVERSITY OF WARWICK



Qualifying Simulation Environment (VTE)

Real LIDAR Sensor Point Cloud Virtual LIDAR Sensor Point Cloud

© Xizhe Zhang, 2024 o THEUNIVERSITY OF WARWICK



Thank you...
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Questions?

Contact Info:

mili.naik@zenzic.io
Zenzic.io
michael.majewski@zenzic.io




