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Executive Summary

This document outlines the work completed of Task 6.1 for deliverable 6.1, which focuses on the
creation of a scenario-based evaluation framework suitable for integration and execution within a
simulation setting. The evaluation examines the applicability of the human driver model developed
across the i4Driving work tasks, determining its readiness for real-world applications that hold significant
interest for a variety of stakeholders.

The objective of the work package is a) to outline a universal evaluation framework that enhances
existing assessment methods for autonomous driving systems, and b) to apply this framework within
five specified application areas. The work outlined within this documentation is based around part “a)’
to develop the framework. The framework is meticulously structured around three pillars: the creation
and management of scenarios, the configuration of simulation environments, and the execution of
certification and analysis processes. This structure is then aimed at application of the i4Driving model
library in five specified domains aimed at serving the automotive and insurance industries, regulatory
and certification entities, and technology providers (Tasks 6.4-6.7).

The methodology offers a systematic approach to scenario-based evaluation, providing a structured
framework for testing various systems under scrutiny. Stakeholders can utilise this framework to
evaluate performance, reliability, and safety, thereby enabling the deployment of diverse technologies
in real-world scenarios and applications.
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1 Introduction

The vision of i4Driving is to lay the foundation for a new industry-standard methodology to establish a
credible and realistic human road safety baseline for virtual assessment of CCAM systems. The two
central ideas we propose are (1) a multi-level, modular and extendable simulation library that combines
existing and new models for human driving behaviour; in combination with (2) an innovative cross-
disciplinary methodology to account for the huge uncertainty in both human behaviours and use case
circumstances.

This rigorous treatment of the uncertainty is crucial to assess how much of our confidence in model
inputs, parameters, and structure is justified. It also makes explicit how experts from different disciplines
judge the outcomes and how justified the underlying assumptions really are.

The application of these human models will further demonstrate and justify the use of these models in
environments in real world activities such as the applications that are part of the i4Driving project. Which
are 1) for road safety assessment in PEARS; 2) in consumer testing campaigns of ADS; 3) for insurance
qualification scheme design. Mixed traffic simulation (AVs and human-driven vehicles) for 4) ADS
testing, and 5) Safety/traffic/energy efficiency evaluation.

When applying the human model in simulation there needs to be clear definition in the methodology
used for the validation and verification activities, providing consistent and measurable criteria within the
method. The document goes on to describe define a general evaluation framework, which develops
and extends ADS evaluation frameworks to a wider range of applications, and b) to use the evaluation
framework in five target applications. The framework combines scenario-based approaches and is
composed of three elements: i) scenarios (incl. generation, description, format and storage), ii)
environment (incl. identification of simulators, and scenario execution), iii) certification/analysis (incl. the
assessment on whether the intended scenarios occurred and assess the scenario against criteria).

1.1 Task 6.1 Deliverable Objectives

Task 6.1 looks at the introduction of scenario and scenario-based evaluation workflow and the
development of the functional and implementation level framework. This lays the groundwork for a
functional level workflow, independent of the execution environment which is critical for the i4Driving
project to evaluate the developed human model in different execution environments as it would be if
used by external parties. The output of deliverable ‘D6.1 Implementation framework of the scenario-
based evaluation workflow’ enables the ability to implement the framework to the scenarios that the
System Under Test (SUT) is applied to in the 5 target applications within the i4Driving project partners’
execution environments.

1.2 Deliverable Structure

The document is structured as follows:

Section 2 introduces the scenario-based evaluation framework conceptually, outlining its key
components.

Section 3 elaborates on the evaluation framework at the functional level of the evaluation framework
providing an overview on the flexibility for different applications.

Section 4 Provides an overview of the evaluation framework at an implementation level, including the
roles and tasks of different components.

Section 5 provides an overall conclusion to the framework development, functional and implementation.



2 Scenario and Scenario-based Evaluation Workflow

2.1 Background

Before delving into the workings of scenario-based evaluation, it's essential to grasp the concept of
scenarios, their various types, their relevance to this project, and the terminology associated with them.

Simon Ulbrich (Ulbrich, Menzel, Reschka, Schuldt, & Maurer, 2015) proposed a widely accepted
definition for scenarios:

"A scenario delineates the temporal progression among several scenes in a sequence. Each scenario
commences with an initial scene. Actions, events, goals, and values may be articulated to characterize
this temporal progression within a scenario. Unlike a scene, a scenario extends over a specific
duration.”

In this definition, a scene is further explained as an instantaneous illustration of scenario conditions,
encompassing scenery, dynamic elements, and environmental factors.

In the scenario-based development and testing process, predefined scenarios serve an essential role
across the entire V development model, encompassing operational concept definitions, specification
and design, development, and testing phases, as depicted in Figure 1 Scenario V Model (Bock, Sippl,
Heinz, Lauer, & German, 2019). Various end users, situated at different points along this V model, have
distinct preferences regarding scenario formats. For instance, ADS developers may seek a
standardised format conducive to sharing across organisations and systems, necessitating
standardisation efforts. Simulation test engineers, on the other hand, may require a highly detailed, fully
parameterised, machine-readable format for execution and analysis purposes. In contrast, regulators
and the public may prefer a higher level of abstraction and human-readable natural language format.

Abstract «.....Yalidation >
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Figure 1 Scenario V Model

Given the diverse abstraction levels inherent in the V development cycle, the industry and academia
have introduced different scenario levels. Menzel (Menzel, Bagschik, Sensee, Schomburg, & Maurer,
2019) initially proposed three scenario abstraction levels: functional scenario, logical scenario, and
concrete scenario. The functional scenario operates at a semantic level, describing entities and their
relations through language notation. The logical scenario operates at a state space level, representing
entities and their relations using parameter ranges. Similarly, the concrete scenario operates at a state
space level, representing entities and their relations using concrete values. Additionally, Neurohr
(Neurohr, et al., 2021) recently introduced a fourth level - abstract scenario, which lies between the
functional and logical scenarios. It employs a formalised format to organize scenario descriptions,
typically adopting a natural language-based expression (Bock, Sippl, Heinz, Lauer, & German, 2019)
(zhang, Khastgir, & Jennings, 2020).



A similar classification of scenario abstraction levels was presented by Khastgir et al. (Khastgir, et al.,
2017), wherein the terms “use case, test scenario, and test case” were introduced. A use case describes
system behaviour as a sequence of actions linking the result to a particular actor. A test scenario
represents a specific path through a use case, i.e., a particular sequence of actions. A test case
comprises test preconditions, inputs, and expected results developed to drive the execution of a test
item to meet test objectives, including correct implementation, error identification, quality checking, and
other valuable information.

2.2 Scenario-Based Evaluation Continuum Overview

The evaluation continuum as shown in Figure 2 has been developed on the fundamental components
constituting a scenario-based evaluation continuum. The diagram explains these components into
functional steps, main elements, and their respective contexts. The main process involves three primary
elements: scenario, environment, and certification. Each main element is linked to its corresponding
functional steps at the top of the diagram, while their associated contexts (not limited to) are found
below each part.

The workflow, as depicted in Figure 2, Elements within the scenario-based evaluation continuum,
operates independently of the test execution environment, making it versatile for simulation execution,
real-world execution, or hybrid with X-in-the-Loop (XiL) testing scenarios. Throughout the entire
process, the relevant scenario content is conceived, processed, and evaluated. This consistent
approach forms the foundation of the comprehensive scenario-based Verification and Validation (V&V)
framework. The sub-sections of this document to follow will provide detailed explanations of each main
element, providing a more understanding of their individual roles and contributions within the scenario-
based evaluation continuum.
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Figure 2, Elements within the scenario-based evaluation continuum

2.2.1 Scenario

This is the first part of the methodology, encompassing the creation, formatting, and storage of
scenarios relevant to the testing context (e.g., safety, cyber security and more). Scenarios can be
generated using data or knowledge-driven methods, ensuring flexibility and adaptability.

Create

This involves the creation of the scenario content using two different approaches being
knowledge driven like System theoretical Process Analysis (STPA) and data driven from data
collected from accident reports. Additionally, scenario creation can be customised to cater to
various related contexts, such as system engineering, safety, cyber security, and in-service
testing. The scenarios generated at this stage are not restricted to any specific format and can
be represented in many ways.
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Format

Following scenario generation, the format sub-process comes into play. It transforms the format
scenario output content into a format that is both human and machine-readable. This
formalisation process ensures compatibility for further analysis, sharing, storage, and querying
purposes.

Store
Subsequently, the formalised scenario content is stored in a dedicated scenario database. This

repository serves multiple purposes, including storage, sharing, and retrieval, contributing to a
systematic and organised management of scenarios.

2.2.2 Environment

Plan

Plan looks at the type of environment that is to be used to depending upon the type of data that
is needed for the analysis that is being carried out. The data collection requirements may
require real-life execution if models and other factors are not available to be purely simulated
or vice versa there is insufficient hardware for the data collection task during the execution.

Execute

The execution process that occurs as described within the ‘Plan’ section; this execution time
can be either a very swift execution - like in most simulation activities - or can require extended
time and cost due to the physical limitations and preparation requirements of tests when moving

into real-world scenario testing. The Execution will run the concretised values between the
logical range given in the formatted scenario data.

2.2.3 Certification/Safety Evidence and Argument

Within the core workflow of Figure 2, “Certification/Safety Evidence and Argument" plays a critical role
in evaluating the overall success and value of the scenario execution. This stage is further divided into
two decisive steps: "Analyse" and "Decide."

Analyse
Correct Execution: Did the test case run exactly as intended? This ensures valid and reliable
data for making informed decisions. Pass/Fail Assessment: Did the system's performance

under the scenario meet the pre-defined criteria? This gauges its ability to handle various
situations safely and effectively.

Scenario Parameter Exploration: Going beyond the initial test, an optimisation algorithm uses
data from past runs (e.g., speed, acceleration) to generate new parameter combinations that
might challenge the system's limits. This proactive approach expands the scenario coverage
and helps discover potential safety weaknesses.

Decide

The "Decide" stage takes all the analysed information into account:

e Intended Test Case Execution: Did everything play out as planned?

e Pass/Fail Criteria Assessment: Did the system perform within acceptable boundaries?

e Scenario Coverage: Have enough scenarios been explored to gain a comprehensive

understanding of the system's capabilities and limitations?

Based on these answers, the "Decide" stage determines the overall outcome of the V&V
process, guiding further testing, development, and ultimately, certification decisions.



This final phase acts as a critical filter, ensuring thorough analysis, proactive exploration of
potential risks, and ultimately, informed decision-making about the safety and reliability of the
system.

This reworded version aims to provide a clearer and more concise explanation of the
"Certification/Safety Evidence and Argument" stage, focusing on its key steps and decision-
making process. It also avoids technical jargon and simplifies the language for a broader
audience.

2.3 Simulation Validation vs System Testing

Before delving into the V&V evaluation continuum at the functional and implementation levels, it's crucial
to distinguish between simulation validation and system testing. As described, scenarios can be
executed in virtual, real-world, or hybrid environments. The distribution of scenarios across these
settings becomes vital as their quantity increases. Real-world execution ensures consistency with the
deployment environment and tests identical systems (i.e., hardware and software) between testing and
deployment. However, real-world execution can be costly, risky, and time-consuming, such as waiting
for specific weather conditions or involving hazardous conditions for the SUT.

Simulation-based testing can complement real-world testing to form a comprehensive strategy, acting
as an initial phase to identify high-interest scenarios from a vast pool of input scenarios that might be
impractical to execute in reality. To enable such a workflow, it's essential that simulation and real-world
environments are comparable or correlated, as simulation-based activities would otherwise lack
meaning.

The validation of the simulation environment can be divided into dynamic and static aspects. The
dynamic aspect encompasses scripted and non-scripted agents, as well as the SUT, while the static
aspect validates the accuracy of the environment simulator, or 'scenery.’ The high-level workflow for
simulation validation involves creating scenario descriptions based on real-world data input and
executing a small number of scenarios in both simulation and the real world, comparing their outputs to
derive comparison metrics.
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Figure 3 Simulation vs System Testing



3 Introduction to Scenario-Based Evaluation at a
Functional Level

This section follows on from the V&V framework to provide a much more detailed description on the
functional activities of the framework expanding into how the framework provides the ability to evaluate
the system under test, which in the case the human model as part of i4Driving tasks. Expanding upon
the continuum of scenario-based evaluation, each component can be further elaborated to construct a
workflow at the logical level. lllustrated in Figure 4 Scenario Based Workflow Testing is the functional-
level workflow of the scenario-based evaluation framework. Scenarios are generated in a format
readable by both humans and machines at the logical scenario level, and subsequently stored in a
database such as the Safety Pool scenario database for query-based testing via API. While the Safety
Pool™ database is an open and free initiative from the University of Warwick, there are also commercial
databases available on the market that can fit such role of storing scenarios. Additionally, alternative
executable formats such as ASAM OpenDRIVE (Dupuis, Hekele, & Biehn, 2019) and ASAM
OpenSCENARIO 1.x (ASAM OPENSCENARIO 1.1.1, 2019) can be generated within the scenario
description format box and attached to the scenario database. A scenario selector is employed to
facilitate APl calls, navigating through a designated scenario library to retrieve individual logical
scenarios and their corresponding OpenX files.

Soenatio Scenario
generation | description
format

Scenario
database
(logical)

Select logical
scenario

‘ Test case generator
Execution | «mm— (e.g. Bayesian optimisation, constraint

randomisation)

Parameter space
exploration

Intended
test case
occurred

iteration of the
test case

Test case
pass

No

i
i
| parameters
I

Figure 4 Scenario Based Workflow Testing

The test case generator is utilised to produce specific parameters for concrete test cases. During
execution, test case data undergoes examination against three decision modules. The first module
determines whether the intended test case situation has transpired. If affirmative, the test case pass/fail
criteria are assessed. If negative, the test case run is compared against a predefined maximum iteration
number. This module involves multiple types of criteria sources. If a test case fails to meet the criteria,
its parameter combination is logged, and the current logical scenario testing ceases. Conversely, if a
test case passes, it undergoes evaluation against the maximum iteration limit.

In the final phase, if the maximum iteration limit is not reached, the current test case parameters, along
with the pass criteria, are fed into the test case generator. Here, algorithms such as Bayesian
optimization can be applied as a "concretiser" to introduce new parameters aimed at challenging the
system under test (SUT) to violate the pass criteria. This closed loop formed by the test case generator,
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test execution, and the three test case checks facilitates exploration of the parameter space outlined
within the logical scenarios, thereby enhancing test coverage and mitigating 'unknown unsafe' areas.
Subsequent subsections provide detailed insights into each component depicted in Error! Reference
source not found.

3.1 Scenario Generation

As previously discussed in this document scenario generation employs two distinct methodologies:
knowledge-driven and data-driven. The knowledge-driven methods utilize domain-specific expertise,
like System Theoretic Process Analysis (STPA), to systematically recognize hazardous scenarios.
These hazardous scenarios refer to system states or conditions which would result in losses, these
losses range from loss of reputation (poor vehicle decisions) through to loss of lives (fatalities), The
system states or conditions with the potential to cause losses, as identified in the analysis, are translated
into logical scenarios. These scenarios include their corresponding pass/fail criteria and the necessary
inputs for the scenario database.. Conversely, the data-driven approach utilizes available data to
identify and categorise occurring scenarios. Within the scenario generation eight distinct methods have
been deployed, as illustrated in 4. Each method targets a specific inquiry to ensure the richness and
diversity of scenarios, encompassing real-world use cases relevance to the addressed questions.
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" world data by Formal perat Standards, Real-world
Accident T ; Hazard Based | | Verification Design . y
Telematics, ) . Ontology regulations, deployment
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known L potential causes itwarions by b dari within sef scenarios set know
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A
Scenario library: Safety Pool™ Scenario Database

Scenario description language
Parameter identification & randomisation

Figure 5 Scenario Generation Methods

3.2 Scenario Description Format

After generating scenario content, it becomes crucial to adopt a format that not only effectively
represents these scenarios but also facilitates their sharing and execution across various stakeholders
and testing environments. Recognising the multifaceted nature of scenario usage throughout the
system development and testing cycle, the WMG V&V team has developed and upheld a sophisticated
two-level abstraction approach for the scenario description format. This approach, rooted in the
understanding of diverse end users' needs and the sometimes-conflicting requirements they pose,
addresses a spectrum of stakeholders including ADS developers, test engineers, regulatory bodies,
and the wider public.

The Scenario Description Language (SDL) embodies this two-tiered structure: SDL level 1, operating
at an abstract scenario level, presents scenarios in a manner similar to natural language, structured
with grammar to ensure coherence and readability. On the other hand, SDL level 2 operates at a more
concrete and logical level, employing a formal machine-readable format that enhances interpretability
and computational processing.

To bridge the gap between SDL and broader tool compatibility, the WMG V&V team has developed a
robust conversion toolchain facilitating seamless translation between SDL level 2 and ASAM OpenX
formats (OpenSCENARIO 1.x and OpenDRIVE). While OpenSCENARIO 1.x and OpenDRIVE offer
versatility in simulation contexts, they often lack the human readability necessary to meet certain end-
user requirements comprehensively.

Moreover, OpenSCENARIO 1.x and OpenDRIVE formats do not comprehensively cover certain
elements essential for describing the Operational Design Domain (ODD) requirements. Based on the
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OpenDRIVE specification, it covers certain ODD objects that are directly related to the drivable road
network (e.g., guardrail), however further ODD objects are treated within the </object> section as a set
of generic objects. To address this, the SDL domain model integrates scenery, environmental
conditions, and behavioural attributes of non-ego agents, with specific reference to the BSI PAS 1883
ODD taxonomy. This integration streamlines the testing and development processes, ensuring a
common and coherent understanding of scenarios across stakeholders.

Within the SDL framework, behavioural elements are further categorized into manoeuvres and agent
types. Manoeuvres, divided into relative and absolute categories, delineate interactions between
entities and individual entity actions, respectively. Agent types encompass a broad-spectrum including
vehicles, pedestrians, and animals, each with its unique behavioural considerations and implications
within the scenario context.

3.3 Scenario Storage

Following the formatted language of the scenarios created, in this context as mentioned above in both
the WMG SDL and OpenX formats, the subsequent step involves storing them in a scenario database,
which enabled the ability of exchange, hosting, querying, and analysis of scenarios by individuals and
organizations. The Scenario database that has been outlined for usage within the i4Driving project is
the Safety Pool Scenario Database that has been detailed within Deliverable 1.6.

The Safety Pool Scenario Database employs the ASAM OpenLABEL standard (ASAM OpenLABELL1.0,
2019)to organise and manage scenarios within the database. The Safety PoolTM database operates
using a JSON schema alongside an associated ontology to assign Operational Design Domain (ODD)
and behaviour tags to each scenario, as depicted in Figure 6. Within this illustration, the collection of
labels corresponds to the ODD and behaviour-based ontology, while the ‘label’ process denotes the
assignment of these attributes to individual scenarios. Following the attachment of scenarios with their
respective labels, they are subsequently imported into the scenario database.

These labels enable seamless navigation and filtering through a vast array of scenarios with minimal
effort it additionally provides the ability for machine integration for automatic data retrieval on scenarios.
In the context of the i4Driving project, the database API will be utilised for automated retrieval of
scenarios when the human model application evaluation activities are to occur.
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Figure 6 Scenario Labelling




3.4 Test Case Generation

After the scenarios are stored in the database, a scenario selector retrieves the relevant scenarios
iteratively using API calls to the database, fetching associated SDL descriptions, OpenSCENARIO, and
OpenDRIVE files. Considering that SDL level 2 operates at a logical scenario level, defining parameters
within value ranges, while OpenSCENARIO defines parameters with concrete values, the parameters
in the returned OpenSCENARIO file are set to the mid-value within the ranges defined in the SDL.

The test case generator operates in two distinct settings: the initial iteration and subsequent iterations.
During the initial iteration, if SDL level 2 is employed, a user-defined generation algorithm selects
starting values for scenario parameters within defined ranges. Conversely, if the OpenSCENARIO file
is utilized, the initial values, which are the mid-values, are already provided. For subsequent iterations,
optimization algorithms intelligently select parameter combinations for the next test case based on
analysis of execution data.

In the design of the V&V framework, the choice of optimization algorithm remains flexible, aimed at
exploring the parameter space outlined within the scenario and identifying edge cases. For example, a
Bayesian optimization (Gangopadhyay, et al.) been utilized in this in the V&V framework for such
functionality but it is not restricted to this optimization algorithm only, the optimization is flexible to the
stakeholder’s choice and interest. The optimizer learns parameter values by observing scenario output,
driving the System Under Test (SUT) to violate its pass criteria to identify the failure points of the SUT.

3.5 Execution

Execution of the scenario can take place in various environments as explained early in the document
this can include virtual, real-world, or hybrid (XiL) configurations. Moving from a virtual to a real-world
environment increases resource demands (such as time and cost) while decreasing the number of
executions possible.

Figure 7 Level of Fidelity in Autonomous System Componentsprovides a high-level breakdown on the
system components that can be executed in different levels of fidelity within autonomous systems these
being simulation, emulation, or real world. The selection on what level fidelity that is required is directed
by the stakeholders requirements in the confidence for the system validation activities thus allowing
flexibility on the rest of the components for the System Under Test, This enables the ability for
stakeholders to have the ability to use a range of different simulation tools depending upon the data
requirements using simulation tools that come from either collaboration with industry partners or through
internal capability to develop them for their specific application.
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3.6 Evaluating the Test Scenario

3.6.1 Has Intended Test Case occurred?

The first module determines if the intended test case situation has occurred, this assessment ensures
that the test cases are executed within the expected parameters and constraints. The intended test
case variables that the execution is compared with are provided within the fixed (concrete) logical
scenario variables to do with speed, position, distance and many more or many less (down to only 1
variable). Carrying out the decision, If true, the scenario execution is successfully within the scope of
the scenario and will move onto the next decision module ‘Has Test Case Pass’. If negative, the test
case run is compared against a predefined maximum iteration number.

Figure 8 presents an illustrative behaviour tree featuring both parallel and sequential activities. The
main branch includes Initialisation, Manoeuvrel, and Manoeuvre set in a sequential order. Within
Manoeuvrel, actionl and exit_cond1 are arranged in parallel, with success defined by any criteria met
within the parallel relation. This implies that successful completion of any node within the parallel
relation leads to success in this tree branch. The Manoeuvre set branch encompasses manoeuvres for
actor 1 and actor 2, alongside their respective exit conditions. This behaviour tree implementation allows
for tracking node completion, termination, failure, or in-progress status. In the given example,
Initialisation and Manoeuvrel are both completed, with exit condl satisfied. However, within
Manoeuvre set, the actor2_manoeuvre has failed due to its exit condition not being met. Information
derived from the behaviour tree implementation aids in assessing whether the intended scenario has
unfolded as expected.

Demo behaviour tree [*]
—Initilisation [V]

——Manoeuvrel [/]

——action] [-]
L—exit_cond] [V]
——Manoeuvre set [*]

——actor]l manoeuvre [*]
—action2 1 [*]
——exit_cond2 1 [-]
——actor2_manoeuvre [x]
—action2 2 [-]
——exit_cond2 2 [+]

[/] - completed
[-] - terminated
[=] - failed

[*] - in-progress

Figure 8 Confirming Tests

3.6.2 Has Test Case Pass?

If the preceding assessment produces a positive result, the test case data proceeds to undergo the
pass/fail evaluation function. Conversely, if the assessment outcome is negative, the test case
undergoes scrutiny against a predefined iteration threshold.

For the pass/fail evaluation, various criterion types are available, including those derived from STPA,
ODD specifications, or a set of generic criteria set by the stakeholders. For example, if using STPA
each STPA scenario features tailored pass criteria, requiring conversion into a machine-readable format
accessible to the ADS. A prior WMG publication (Shufeng, Khastgir, Babaev, & Jennings, 2020)
elaborates on STPA-based scenario generation and evaluation methods.

Another approach is with the ODD-based evaluation, this method utilizes the ADS's ODD specification
to delineate a safe operating boundary and assesses simulation ground truth data against this boundary
in real-time. The ADS may fluctuate within or outside its ODD at any point, informing its ability to remain
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within this operational domain. Ground truth data, retrieved from the simulator during runtime, is filtered
to include only attributes listed in the ODD taxonomy, then converted into a standardized intermediate
format. Similarly, the ODD specification is parsed and transformed into the same intermediate format.
An ODD assessment module then compares the two intermediate formats derived from the ground truth
data and ODD specification, determining whether the system operates within its designated ODDs.

Examples of a set of generic assessment criteria can be generated or applied are a fixed timeout
terminates test cases if necessary. Collision criteria trigger test case failures upon system collision
detection. Other criteria such as lane keeping, average speed limit, and maximum speed limit may also
be incorporated.

3.6.3 Has Max iterations of the test case been reached?

This module monitors whether the test case has reached the maximum iteration limit set for execution.
If the maximum iteration limit is reached, it signifies the conclusion of the test case execution process.
The maximum iteration value for the test suite is determined by the test objectives. It corresponds to
the number of concrete scenarios generated from the test case generator based on the logical scenario.
At a minimum, such iteration number can be said by using an expert’s input. Additionally, one could
also incorporate a sophisticated optimization engine to dynamically find the best iteration number This
safeguard prevents the system from engaging in an indefinite loop of test iterations, ensuring efficient
resource allocation and testing procedures.

4 Scenario-based testing at an Implementation Level.

This section outlines the implementation architecture of the V&V workflow. As depicted in Figure 9, the
necessary functions are modularized into four components: Test Manager, Simulation, Test Case
Generator, and Test Case Analyzer. The Test Manager orchestrates the entire workflow, facilitating
communication between other modules and itself.

Test Case Test Case

Test Manager Simulation
Generator Analyser

Select scenario|

Scenario parameter|ranges + (test case
parameters + evaluation results)

Generate concrete
values

Scenario filename and

parameters 1
(Convert to
other format)|
T
1

Test case
indexing

Converted|test case

Test case

Load test
case
Run

A Runtime data
Run &

record Test case pass/fail
Stop test case | test case Intended test occurred
Test case report T

\

Scenario
database
logical level)

Test case
evaluation

Intended
lest case

Select next scenario

Current test case parameters + evaluation results

=

Log run &
parameters

Max test
case
iteration
reached

Figure 9 Scenario Evaluation Implementation
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The Simulation component comprises all the components that are required to carry out the planned
execution, The Test Case Generator is responsible for generating concrete test case parameters and
optionally converting scenarios into alternative formats, besides WMG SDL and OpenX, prior to
execution. Meanwhile, the Test Case Analyzer handles test case indexing to retrieve scenario
parameter variables and evaluates test cases to check against the three decision criteria mentioned in
the previous section.

The workflow commences with the Test Manager, integrated with the scenario database to select the
logical scenario and convey scenario information to the Test Case Generator. A concrete test case is
then derived, either by utilizing the average values of parameter value ranges in SDL or by employing
the predefined values in the OpenSCENARIO 1.x file. Optionally, conversion into other desired scenario
formats may occur before sending the prepared test case back to the Test Manager. Concurrently, the
Test Manager forwards scenario information to the Test Case Analyzer for indexing.

Upon receiving the generated test case, the Test Manager dispatches the converted test case to
Simulation and initiates a run signal to commence the simulation. Live data is exchanged between the
Simulation and Test Case Evaluation module during runtime. The Test Case Evaluation generates
evaluation results and transmits them back to the Test Manager. Subsequently, the Test Manager halts
the simulation run and compares the evaluation results against the three decision criteria. Based on the
outcome, the Test Manager either selects a new logical scenario to test or commands the generation
of new test cases under the same logical scenario.
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5 Conclusion

The Deliverable 6.1 has been captured throughout this document laying the groundwork for a
comprehensive evaluation process at both functional and implementation levels for a scenario-based
evaluation framework that is intended to be used within the project as well as further external use. This
framework developed within this document serves as a comprehensive guide for stakeholders involved
in the i4Driving project, providing insights into the development, implementation, and execution of the
scenario-based evaluation framework. By leveraging this framework, stakeholders can enhance the
assessment of human road safety baselines for virtual assessment of CCAM systems, thereby
advancing the objectives and outcomes of the i4Driving initiative.

The scenario-based evaluation framework outlined in this document provides a practical and structured
approach to verification and validation of systems under test. It offers three distinct levels: functional,
implemented, and executed, each serving a crucial role in ensuring the reliability and effectiveness of
the evaluation process. At the functional level, the framework demonstrates its flexibility to
accommodate the diverse needs of stakeholders involved in the testing process. This adaptability
ensures that the framework can be tailored to specific requirements, enhancing its utility across different
testing scenarios and environments. The implemented level outlines the roles and responsibilities of
key components such as the Test Manager, Simulation, Test Case Generator, and Test Case Analyzer.
These components work collaboratively to execute comprehensive scenario testing, facilitating
thorough evaluation and validation of automated driving systems.

Overall, the iterative nature of the evaluation framework and process ensures that all intended logical
scenarios are rigorously tested, contributing to the robustness and reliability of the evaluation
framework. It is worth noting that while the implementation architecture presented here is currently
employed in various projects, minor adjustments may be required to integrate it seamlessly with the
simulation execution environments as part of the project's broader scope and objectives.
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