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Introduction

This paper aims to present some results from the work of SAM Project (Safety and Acceptability of automated vehicles and Mobility), led by the French Automotive Platform (PFA). The methodology proposed in SAM project applies to all the development activities necessary for a given ARTS project, i.e. an automated road transport technical system, intended to be deployed on a predefined route or site, and supplemented by operating and maintenance rules.

According to the French LOM law [START_REF] Law | Law of December 24, 2019 on the Orientation of Mobility[END_REF] and the associated decrees [2], an ARTS is an automated technical road transport system, deployed on predefined routes or traffic areas, and supplemented with operating, and maintenance rules, for the purpose of providing a collective or private public road transport service, or a private passenger transport service, excluding guided public transport.

The figure below illustrates the definition of ARTS system, and the associated concepts: This illustration highlights the link between the essential components of an ARTS, which are:

• The Technical System: set of automated vehicles, and other technical installations;

• The predefined route or circulation zone (with the associated infrastructure).

• The rules of operation and maintenance;

Collaboration between the French Administration and the SAM project

The production of this safety demonstration methodology related to ARTS is carried out in close interaction with the French Administration through various working groups, and in coherence with the regulatory framework of the LOM Law.

With regard to the safety demonstration methodology of the ARTS, the subject of this document, is in fact to propose texts in response to article 31 of the LOM Law, and the definition of the authorization process for ARTS start of service, which have been structured as following:

• The Administration Working Groups (GTA) "Validation and Safety References of ARTS", whose objective is to produce regulatory reference documents, as well as methodological, initialization documents, etc.;

• As well as, in a synchronized and coherent way, the safety and validation activities of SAM project.

This interaction is illustrated in the following figure: 

Different phases of SAM methodology

The safety demonstration methodology developed within SAM project is an iterative system process structured according to the following 5 phases (cf. figure 3): 

System specification

The main objective of this phase of the methodology is to document the technical and functional specifications relating to the system studied. In the context of an ARTS, the ultimate objective is to address the system as a whole, in order to meet the needs in terms of passenger transport service. This part of the methodology aims to bring attention to certain essential methodological aspects that should be harmonised, in particular:

• The description / characterization of the predefined route or site: This aspect of the methodology consists in providing a detailed description of the route or of the site with regard to the transport service concerned (route, planned pick-up or drop-off points, etc.).

• The organic decomposition of an ARTS system: In order to contribute to the structuring and the harmonization of the ARTS specification, we propose an organic decomposition of harmonized ARTS level.

• The functional decomposition of an ARTS system: In order to contribute to the structuring and the harmonization of the ARTS specification, we propose a functional decomposition of harmonized ARTS level.

• Operational Design Domain (ODD) of the system: This part of the methodology consists in addressing the notion of conditions or restrictions to be taken into account to ensure the safe use of a system, agnostically to the technical scope addressed, i.e. automated driving system, automated road technical system, or automated road transport system (ARTS).

• Object and Event Detection and Response (OEDR): In order to contribute to the structuring and the harmonization of the ARTS specification, we propose a process of definition of an OEDR of an automated vehicle, broken down into several steps, and accompanied by informative lists of objects, events, manoeuvres, capacities, etc.

Risk analyses at ARTS level

The main objective of this phase of the methodology is to specify the safety requirements relating to the system studied. This purpose should be achieved through a rigorous risk identification and assessment process [START_REF] Manel | Safety methodology approach for Automated Road Transport Systems[END_REF].

The objective of this approach is to aim for the exhaustiveness of safety studies in the identification and assessment of the risks associated with an ARTS, in the context of the overall system of systems. The Preliminary Hazard Analysis (PHA) and the Functional Hazard Analysis (FHA) analyzes could have a generic character and a wide scope and have to be instantiated to a given site.

From a standard list of Hazards coming from a consensus between industry and French authorities, the PHA first identifies the hazardous situations (contextualized in the form of scenarios), then allow to choose a GAME (Globally At Least Equivalent) approach covering a hazard. As a reminder, in the case of a GAME demonstration, the risk acceptability of the system under assessment is evaluated by using one or more of the following risk acceptance principles: the application of codes of practice, a comparison with similar systems, and/or an explicit risk estimation. When no referential exists, e.g. for collision, the PHA allows to identify accident scenarios by highlighting hazardous situations. The PHA introduces a first appreciation of the contexts and conditions which can lead to a hazardous situation. This hazardous situation can lead consequently to an accident: for example, an overspeed can be the cause of an accident (e.g. collision) under given conditions.

The FHA identifies the possible causes of a hazardous situation. A hazardous situation generally remains the result of a triggering event (e.g., speed limit error, Electric/Electronic failures [START_REF]Road vehicles -Functional safety -Part 2: Management of functional safety[END_REF], functional insufficiencies [START_REF]Road Vehicles -Safety of the Intended Functionality, ISO international, ISO TC22 SC32[END_REF], road hazards, mechanical failures, etc.) and an inability of the system to achieve a risk reduction measure (protection architecture E/E, Risk Reduction Measure). In order to complete the PHA, the FHA is based on the functional architecture of the system to identify failures and functional insufficiencies potentially leading to hazardous situations. The Site Safety Analysis formalizes the adequacy between a route or site and the field of use of a generic technical system. The Site Safety Analysis focuses on a given predefined route or site and results in covering only a subset of the possible situations described in the PHA and FHA studies, as described in figure 4. The Site Safety Analysis establishes a set of technical, functional and operational recommendations or requirements, on vehicle, infrastructure, connectivity and signalization. All these requirements contribute to ensure the overall safety of ARTS.

Safety activities at functional and component level

The general objective of this phase is to define safety concepts and carry out safety activities at the functional and component level of the system studied, allowing to argue the reduction of the identified risks, up to an acceptable level. This argument should cover all the risks identified during phase 2. In the context of an ARTS, the ultimate objective of this phase of the methodology is to argue the ARTS safety strategy. This step consists in arguing the choices of system architecture in response to the safety requirements (at system level), defined during phase 2. For each risk identified in phase 2, it is a question of defining the safety concepts, that is to say all the safety requirements, allowing the achievement of an acceptable level of residual risk. Each safety requirement defined in phase 2 is analyzed from the point of view of the functional and organic architecture of the system, with regard to all the associated risks.

V&V activities at ARTS level

The main objective of this phase of the methodology is to carry out the validation activities relating to all the safety concepts defined in phase 3, in response to the specifications and safety requirements of the system studied, defined in phases 1 and 2. Validation consists in the confirmation, by examination and provision of objective evidence, that the particular requirements for a specific intended use are satisfied [START_REF]International standard for electrical, electronic and programmable electronic safety related systems, Part 1 General requirements[END_REF].

The proposed methodology is directly based on the NATM (New Assessment Test Method) [START_REF] Vmad | New Assessment/Test Method for Automated Driving (NATM), Guidelines for Validating Automated Driving System (ADS)[END_REF], which describes the tools and methodologies for evaluating the safety performance of automated vehicles. NATMs are developed by the informal GRVA Working Group on Validation Methods for Automated Driving (VMAD) for validating the safety of automated driving systems (ADS). NATM guidelines aim to provide clear direction for validating the safety of an ADS in a manner that is repeatable, objective and evidencebased, while remaining technology neutral and flexible enough to foster ongoing innovation by the automotive industry.

Validating ADS safety is a highly complex task which cannot be done comprehensively nor effectively through one validation methodology alone. As a result, it is recommended to adopt a multi-pillar approach for the validation of ADS, composed of a scenarios catalogue and five validation methodologies (pillars) [START_REF] Vmad | New Assessment/Test Method for Automated Driving (NATM), Guidelines for Validating Automated Driving System (ADS)[END_REF]. 

ARTS safety cases

The main objective of this phase of the methodology is to formalize the safety case of the system studied.

The safety case consists in the synthesis of all the activities carried out during the previous steps with regard to the demonstration of the safety relating to the system studied. With regard to a V cycle relating to a system, the safety case constitutes the document-making it possible to validate the acceptance of the system. In the context of an ARTS, the ultimate objective is to address the safety of the system as a whole. The Safety case at the ARTS level is then a composition of the safety cases relating to each of the subsystems that compose ARTS. With regard to the regulatory framework relating to the LOM Law, the safety cases relating to each of the technical perimeters (Automated Vehicle, Technical System, ARTS) making it possible to feed the content of the ARTS regulatory documents of the LOM Law.
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 3 Figure 3-Methodology of safety demonstration for ARTS
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 4 Figure 4 -Quantitative safety allocation within PHA/FHA/SSA analyses [7]

Conclusion

This paper constitutes the synthesis of the safety demonstration methodology relating to an ARTS developed within the framework of the SAM project.

The objective of this methodology is to be applicable to the different use cases of automated road mobility.