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· Introduction, motivation, and scope. Defines the needs for the overall credibility assessment framework and its role in allowing virtual testing for the ADS validation. 
· Components of the credibility assessment framework. Defines the elements which compose the credibility assessment and what type of information and evidence OEMs are expected to deliver. 	Comment by Barnaby Simkin: Needs to have clear separation between development and final version of the virtual testing tool. VMAD’s focus should be on the final tool version. 
The intro should describe in more detail the scope of the framework. 
Only version used for certification purposes should be archived. 
ISO 26262 – tools can be certified based on their potential impact. (link to criticality assessment?)
· M&S Management. The M&S lifecycle is a dynamic process with frequent releases that shall be monitored and documented. The management process shall describe the modifications within the releases, the corresponding software and hardware used together with the internal review processes that accepted the new release. The management of the M&S shall be supported throughout the full duration of the virtual model utilization. Relevant information on the following aspects are included in this section:
· M&S management process
· Releases management
· Quality check
· Criticality assessment	Comment by Barnaby Simkin: Criticality assessment defines the processes to adapt to new risks and resolve/mitigate any failures that are encountered whilst using the toolchain. Is this necessary? 
· Releases archive	Comment by Barnaby Simkin: Any simulation version that generates data for a certification test should be archived.
· ...

· Team's Experience and Expertise. The credibility of a developed M&S is subjected to the expertise of the team crafting the virtual model. As such, it is of important to supply the developed model with documentation proving the training and qualification level of the personnel involved in the design. In addition, given the dynamic nature of M&S, the credibility of the released models requires the developers to be provided with suitable training activities. Ultimately, this section shall provide evidence of the ability of the team and the organization to develop credible virtual models. Relevant information on the following aspects are included in this section:	Comment by Barnaby Simkin: Should align with the SMS in VMAD SG3 (audit) 
· Sufficient experience and expertise e.g., appropriate internal training by ‘subject matter experts.
· Previous simulation tools used. (e.g., tool version, configuration, hardware etc.)
· ...

· M&S Analysis and description. The M&S analysis and description aims to define the whole M&S and identify those scenarios derived from the ODD analysis that can be assessed via virtual testing. It defines the scope and limitations of the models and toolchain as well as the uncertainty sources that can affect its results.
· Active release
· The specific M&S release used in the ADS validation
· General description
· OEM should provide a description of the complete toolchain along with how the simulation data will be used to support the ADS validation strategy. 
· Assumptions, known limitations and uncertainty sources
· Models contain assumptions of the real world. 
· It is important for the manufacturer to define the assumptions as it will play a major factor in defining the limitations of the toolchain
· Different degrees of fidelity may be required for each of the model's
· Simulation fidelity is dependent on the input and how the data is used to support the ADS validation.
· The OEM should define the scenarios used for virtual testing toolchain validation. 
· The OEM should define a reasonable tolerance of sim-real correlation
· In addition to the assumptions used in developing the M&S, known limitations define conditions for which the virtual toolchain or one of its component is certainly not valid and for which the model cannot be used
· Finally, this section shall include information about the sources of uncertainty in the model. This will represent an important input to final uncertainty analysis, which will define how the model outputs can be affected by the different sources of uncertainty of the model used.
· Scope (what is the model for?). It defines how the M&S is used in the ADS validation
· Simulation models need dedicated scenarios and metrics for validation  The scope will include the list of scenarios, among those needed in the ADS validation, that M&S will allow to execute
· ODD analysis is a crucial input to derive requirements, scope, effects that the M&S must consider in order to support ADS validation.
· Parameters generated for the scenarios will define extrinsic and intrinsic data for the toolchain and it’s models. 
· ...

· Data/Input pedigree. The data/input pedigree contains a record of traceability from the OEM’s data used in the development of the M&S.
· Description of the data used for the M&S
· The OEM shall document the data used to develop the model and note important quality characteristics
· Effect of the data quality on model parameters uncertainty
· The quality of the data used to develop the model will have an impact on model paramaters’ estimation and calibration. Uncertainty in model parameters will be another important aspect in the final uncertainty analysis.
· ...

· Verification. The verification of a M&S deals with the analysis of the correct implementation of the conceptual model. The procedure is grounded on a multi-step approach which includes code verification, calculation verification and sensitivity analysis. Firstly, the model shall be demonstrated to work correctly without numerical or logical flaws which might impact results. The sensitivity analysis then aims at quantifying how model output values are affected by changes in model input values. In addition, sensitivity allows pointing out the input factors having the greatest impact on the model results. Exploration in the domain of the input parameters will allow to identify parameter combinations for which the M&S shows unstable or unrealistic behaviour, thus contributing to its verification. Sensitivity analysis results will also help defining the inputs and parameters whose uncertainty characterization needs particular attention in order to properly define the uncertainty of the simulation results. 
· Code verification
· Calculation verification
· Sensitivity analysis

· Validation. The quantitative and qualitative (?) process of determining the degree to which a model or a simulation is an accurate representation of the real world from the perspective of the intended uses of the M&S.	Comment by Barnaby Simkin: Should be clear that this is a sampling of the ODD. Should ddeifne metrics for determining appropriate coverage. 	Comment by Barnaby Simkin: Can there be a qualitative aspect
· Measures of Performance (metrics) 
· The performance metrics are defined during the M&S analysis. 
· Metrics for validation may include:
· Discrete value analysis e.g. detection rate, firing rate, 
· Time evolution e.g. positions, speeds, acceleration. 
· Flow of actions based analysis e.g. distance/speed calculations, TTC calculation, brake initiation.
· Goodness of Fit measures
· The analytical frameworks used to compare real world and simulation metrics. They are generally KPIs indicating the statistical comparability between two sets of data. 
· The validation should show that these KPIs are met. 
· Face validity	Comment by Barnaby Simkin: Is this appropriate for the validation process? If so, should this be qualitative/quantitative assessment? 
· The component of the validation that concerns the visual identification of regions of divergencies between real world and simulated metrics
· Validation methodology
· The OEM should define the scenarios used for virtual testing toolchain validation. They should be able to cover to the maximum possible extent the domain of usage of virtual testing for ADS validation.
· The exact methodology depends on the structure and purpose of the toolchain. The validation may consist of one or more of the following:
· Validate Subsystem models e.g. environment model (road network, weather conditions, road user interaction), sensor models (RADAR, Camera, LIDAR), vehicle model (steering, braking, powertrain)
· Validate vehicle system (vehicle dynamics model together with the environment model)
· Validate sensor system (sensor model together with the environment model)
· Validate integrated system (sensor model + environment model with influences form vehicle model)
· Accuracy requirement
· Accuracy requirement is defined during the M&S analysis. The validation should show that these KPIs are met. 
· Validation scope (what part of the toolchain to be validated)
· A toolchain consists of multiple tools, and each tool will use a number of models. The validation scope includes all tools and their relevant models.
· Internal validation results
· The documentation should not only provide evidence of the simulation model validation but also used to obtain sufficient information related to the processes and products that provide overall credibility of the toolchain used.
· Documentation/results may be carried over from previous credibility assessments.
· Independent Validation of Results	Comment by Barnaby Simkin: What level will the scenarios be described at?
· The assessor shall audit the results of the OEM by carrying out physical tests of the complete integrated tool  
· ...

· Uncertainty characterisation. This section is concerned with characterizing the expected uncertainties of the virtual toolchain results. It is composed by two phases. In a first phase the information collected the M&S Analysis and Description section and the Data/Input Pedigree are used to characterise the uncertainty in the input data, in the model parameters and in the modelling structure. Then, by propagating all the uncertainties through the virtual tool-chain, the uncertainty in the model results is quantified. Depending on the uncertainty in the model results, proper safety margins will need to be introduced in the use of virtual testing of ADS validation.	Comment by Barnaby Simkin: A subset of uncertainty can be recorded. It may not be possible to define the complete scope. 
· Characterisation of the uncertainty in the input data
· Characterisation of the uncertainty in the model parameters (following calibration)
· Characterisation of the uncertainty in the M&S structure
· Combined effect of inputs/parameters/model uncertainty on model outputs
· …

· Documentation structure. This section will define how the aforementioned information will be collected and organised in the documentation provided by the OEM to the relevant authority.
