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WHY? WHAT?



WHY?

Build Trust & Confidence

Build the UK CAM Supply Chain

Developing and maintaining skills in 
the UK



WHY?

01 Real-time decision making

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

03 Mapping and navigation

04 Monitoring and maintenance

05 Fleet management and 
optimisation

06 Data sharing and collaboration



WHAT? HOW?



Data collection 
and sensing

Data processing 
and analysis

Communication 
and 

connectivity

Web services 
and cloud 
computing

Data and 
Cybersecurity

Service delivery 
and usage

Decision-
making and 

control systems

Maintenance 
and support

In-vehicle 
Infotainment

DATA SERVICES



Infrastructure

Real 
time 
data

Near-
real 
time 
data

Passive 
data

One-
time/ 

irregular
/ batch 
data

Low- Latency
High Bandwidth

High- Latency
Low Bandwidth



WHY? WHAT? HOW?



Data standards 
and cooperative 
data sharing

Federated data 
architecture

National 
coverage plan

Digital 
infrastructure

Physical 
infrastructure

Skills and 
education

Key Categories Identified



Key priorities for CAM Infrastructure & Data 
Services to 2035

Identify use cases and

stakeholders for data 

packages

CAM inclusion in the 

National

Digital Twin programme

Understand the current planned

coverage and infrastructure

strategy

Standardisation and

maintaining HD-maps in

real-time

Creation of data standards 

and

data sharing frameworks

Collaboration with different

stakeholder groups

Identify the gap in skills



Thank you

Contact Info:

mili.naik@zenzic.io
zenzic.io
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Zenzic Webinar, April 2024

Michael Orgill, Project Engineer

Project Harlander
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AGENDA

14

■ Rapid Intro:

- Who am I?

- What is Project Harlander?

■ HORIBA MIRA’s SAE Level 4 Safety Case Lifecycle

■ In-Person Route Review in Belfast  |  February 2024

■ V&V Testing:

- Simulation

- ASSURED CAV
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■ 2020: Theoretical Physics MSci, University of Birmingham.

■ Ever since: HORIBA MIRA’s Connected & Autonomous Vehicles (CAV) team

■ Commercial and CR&D Projects including:

- US & South-East Asian Start-Ups

- European OEMs

- Construction & Mining machinery

- Innovate UK Consortia
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A Bit About Me  |  Michael Orgill MSci (Hons) MIET MInstP
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■ Attended Trial of a Level 4 ADS around part of the Belfast Harbour Estate.

■ ~ 2 km route to and from the train station via,

- for commuters: industrial buildings, workplaces

- for students: the local college

- for tourists: the Titanic Museum, the Giants’ Ice Hockey Stadium
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Project HARLANDER
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SAE Six Levels of Autonomy | J3016C Taxonomy (2021)
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Source: SAE International, J3016C Taxonomy, 2021, sae.org/standards/content/j3016_202104 
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Test & 

Analyse 

•Simulation

•PG

Test & 

Analyse 

•Public roads

•Safety operator

Specify 
Environment

•TOD

Assess Operational 
Safety

•Route Assessment

•Operational Risk 
Assessment

•Human Factors

•BSI PAS 1881 Compliance

Confirm 
Compliance

•Vehicle regulations

•Road traffic law

•Standards and guidance

•Insurance

Implement 
mitigations

•Operational guidance

•Stakeholder engagement

•Ethics assessment

Maintain the 
Safety Case

•Continuous improvement 

•Trial Safety monitoring

•Change control process

Test & 

Analyse 

•TRIAL

•w/o a Safety Operator

Select 
Vehicle 
Type

Define Vehicle 
Performance 
Requirements

Assess System 
Safety

•SOTIF

•Functional Safety

•Cyber Security

Approval
Safety Case 

System & 
Deployment

•ODD

•Behavioural Competencies

Select 
Route(s)

Proving 
Ground 

Risk 
Assessment

L2 Safety 
Cases

System & 
deployment

L4 Safety 
Cases

System & 
deployment

HORIBA MIRA’s SAE Level 4 

Safety Case Lifecycle
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In-Person Route Review  |  February 2024

19

Wide Single Lane

Driving Two Abreast

■ 3 HORIBA MIRA Engineers

■ By car (on road), as well as on foot
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In-Person Route Review  |  February 2024
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Cyclists
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In-Person Route Review  |  February 2024

21

Parked or 

Queuing 

Small 

Vehicles 

(Cars)
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In-Person Route Review  |  February 2024
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In-Person Route Review  |  February 2024
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Parked 

Large 

Vehicles
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In-Person Route Review  |  February 2024

24

“Unique” 

Vehicles
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In-Person Route Review  |  February 2024
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Undertaking 

in a Bus Lane

By an Audi – obviously!
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In-Person Route Review  |  February 2024
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Late or 

abandoned 

pulling out 

by actors
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In-Person Route Review  |  February 2024
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PEDESTRIANS!
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In-Person Route Review  |  February 2024

28

Large or 

Long 

Vehicles 

Turning-in-

the-Road
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In-Person Route Review  |  February 2024
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The Zebra-Crossing 

Boogie-Man
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6LM  |  PEGASUS  |  Example
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Ego Velocity

Illumination 

(Ambient + Artificial)Weather

V2X

Appearance

Road Markings

Actor Type

Traffic Lights, Junctions

Geometry & Topology

Actor Kinematics (time)

Road Surface

Roadside / Street Furniture

L1: Road level

L2: Traffic Infrastructure

L3: Temporary

L4: Objects

L5: Environment

L6: Digital

Ego
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Battleships Analogy
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So, we selected two 

L4 “Use Cases” to 

exercise robustly:

(i) Overtaking a Cyclist

(ii) Navigating through Traffic 

Light Intersections
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Gearing up for the Safety Case  |  a Framework
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Identify Evaluate Modify Accept

Hazardous

behaviours

System 

Modification

recommendations

Causal 

analysis 

techniques

Specifications

Input

Validation 

Targets 

Specification

Risk 

Framework

Hazards

Functional 

Technical

ODD

Top-down analysis 

techniques

Test Strategy 

DefinitionSimulation 

Risk 

Assessment 

S0 or C0?

Analyse

Identification of 

Functional 

Insufficiencies

Identification of 

Triggering 

Conditions

Analytical

review

Bottom-up analysis 

techniques

Acceptance

Criteria Setting 

ODD Modification

recommendations

Safety Cases

(VSC & DSC) 

Evidence 

Review

Assess

E

v

a

l

u

a

t

e

b

y

V

&

V

Tools

Iterative 

UPDATES

Simulation 
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Extrapolating the SOTIF Principles  |  ISO 21448
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SOTIF

Item definition

Risk assessment

Concept

System development

Implementation
Comfort

Perform

SOTIF

Efficiency

Item verification

System verification

POTIF

EOTIF

COTIF

Validation

Safety Case(s)

H
a

rl
a

n
d

e
r
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Explore, Justify, Mitigate  |  the SC Evidence
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Define Sample Test Assess Analyse Argue

Parameter

Identification
Test 

Planning

Analysis & 

Hypothesis

Scenario 

Sampling

Analytical

review

Standards & 

Regulations

Input

Test 

Execution

Attribute 

Assessment

Simulation
SiL, MiL

Physical 
PG, HiL, Road

Modality

Allocation Coverage

Correlation

Technique 

Selection

Review

& Refine

Performance 

& Coverage

Test 

Programme 

Scoping

DVPODD

System Design

Observations

Ranges

Resolutions

Distributions

Evidence of 

Compliance

Evaluate 

Relevance

Customer 

Prioritisation

Conflict 

Removal

Target 

Refinement

Statistical 

Confidence

Triggering 

Conditions

Validation Targets 

Specification

Acceptance

Criteria Setting 
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Questions, Comments & Discussion

5 minutes
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Dr Jason Xizhe Zhang
Simulation Lead (Principal Engineer), 

Verification & Validation, 

WMG, University of Warwick, UK

26 April 2024

Scalable Simulation-based Safety 

Assurance Framework



V&V Continuum
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V&V Continuum
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input Using 

output

V&V Continuum

© Xizhe Zhang, 2024



input Using 

output

V&V Continuum

Virtual

Real world
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input Using 

output

V&V Continuum

Virtual

Real world
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Simulation Framework at a Glance
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Virtual Testing at Scale (ODD, Risks etc)
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Qualifying Simulation Environment (VTE)
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?

Real LiDAR Sensor Point Cloud Virtual LiDAR Sensor Point Cloud

Qualifying Simulation Environment (VTE)
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Thank you…



Questions?

Contact Info:

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


