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Safety demonstration of automated road transport systems: 

articulation of the different activities around the “scenario” approach 

 

This document aims to present schematically how the approach to driving scenarios contributes to and is 

linked to safety demonstration activities for automated road transport systems, in particular those arising 

from operational safety (normative corpus of the 'ISO 26262), or the safety of the expected functions 

(normative corpus of ISO 21448, known as “SOTIF”), or the GAME method (generally at least equivalent). 

The objective is not to detail all of these activities or methods, but to present the connections between them 

in particular: 

- scenario approaches very specific to the systems considered (and their field of use) 

- approaches that could be described as “exogenous”, i.e. bringing a priori scenarios external to the 

analysis of the system, which can enrich the specific analysis but must be filtered to ensure that they 

reflect the domain of 'job 

 

- approaches based on observation (of accident data, driving or near accidents) 

- more “inductive” approaches, making it possible to expand the space of scenarios by combining 

descriptors or values of certain parameters 

 

- approaches internal to the stakeholder whose system is being evaluated 

- tutelary approaches (notably regulatory) 

 

- vehicle-centered approaches, with a relatively generic field of use 

- approaches centered on the career path, i.e. a precise instantiation of the field of employment, allowing 

certain scenarios to be better documented 

 

- “quantified” approaches (in the sense that scenarios are systematically evaluated and assigned a 

frequency and severity) 

- approaches that can be described as “specific scenarios” (or “unavoidable”), in which the notion of 

probabilization of scenarios is not taken into account, as opposed to “quantified” approaches. 

This document first recalls the central role played by driving scenarios in safety validation, recalled in 

particular by the European regulatory framework related to the approval of automated vehicles. 

This document then succinctly presents the logic of the normative corpus. In particular, it presents the 

different methodological building blocks of safety demonstration, and their iterative articulation in a 

specifications ↔ risk analyzes ↔ validation process. 

This document then recalls the strong complementarity between the scenario generation activity and other 

safety demonstration activities, around the idea that scenario generation contributes to the objective of 
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completeness of the safety demonstration of the system studied. In particular, the scenario approach feeds 

the search for dangerous situations combining system malfunctions and traffic hazards. 

This document also recalls how the use of scenarios, based on lists of relevant descriptors, makes it possible 

to clearly identify the descriptors specific to the levels of risk analysis, depending on whether we are 

interested in the vehicle, the system technique integrating various vehicles and its technical installations, or 

the STRA deployed on a route and the operation of the system on this route, avoiding duplications and 

shortages. 

This document develops in particular the issues of articulation between “quantified” scenarios and “specific” 

scenarios. Certain scenarios can thus be considered specific, due to: 

- their representativeness of families of scenarios, 

- or their high criticality (despite their low frequency); 

- or their generic nature in the sense that they are common to different fields of employment or in the 

sense that the variation of certain parameters makes it possible to represent scenarios in different fields 

of employment; 

- or their “educational” nature, for example in reference to the maneuvers and events classically covered 

in driving instruction and driving license exams. 

The specific scenario approach thus leads to an interest in the safety of the system's responses to a given 

scenario, independently of its frequency. This then raises the question of how an approach based on the 

selection of a restricted number of scenarios can remain consistent with a quantified approach based on all 

events, considered not in isolation but on the basis of their probability of occurrence? It could indeed be 

argued that selecting scenarios independently of their probability of occurrence in the operation of systems 

goes against “quantified” logic (i.e. weighted by frequencies and severities). 

This document suggests that the approach by specific (or tutelary or essential) scenarios, even if it focuses 

on certain scenarios regardless of their frequency (and sometimes, their severity), does not call into question 

the safety demonstration activities based on frequency. The approach by specific scenarios leads, in 

summary, to supplementing the overall level of safety criterion resulting from the weighting of the scenarios, 

with other analyses, more focused on certain scenarios. 

The combination of these two families of approaches (weighted scenarios / specific scenarios) thus ensures 

complementarity of the processes of demonstrating safety for the circulation of automated road transport 

systems, both for their passengers and road users. 

This document then presents the connections between the so-called “specific scenarios” approach and the 

so-called “weighted scenarios” approach, from three main angles: 

- questions of explainability, which can justify using driving scenarios that are intelligible to a non-expert 

or usable as an external “standard” for a risk analysis covering a multitude of weighted scenarios; this 

angle is close to the logic of the driving license exam; 

- the question of subsets of scenarios representing categories of users (e.g.: vulnerable users, people with 

reduced mobility) or uses (e.g.: at night); 

- the question of scenarios representing situations where the challenge is to evaluate the capacity of the 

systems to respect the rules of conduct (compliance with the highway code and in particular injunctions 

from the police or priorities for priority vehicles). This document does not propose lists of specific (or 

tutelary or essential) scenarios, and a fortiori no parameters or pass/fail criteria for such scenarios. 

The scenario generation approach is not detailed in this document. It is the subject of documents in the 

normative corpus cited or in methodological documents from the DGITM available under 

https://www.ecologie.gouv.fr/politiques-publiques/transport-routier-automatise-connecte.  

https://www.ecologie.gouv.fr/politiques-publiques/transport-routier-automatise-connecte
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1. Demonstration through scenarios: a pillar of European regulations 

The European regulation on the approval of automated driving systems (regulation 2022/1426 of August 5, 

2022) places a central place on driving scenarios for the safety demonstration, as recalled in the extracts from 

the recitals below: 

The assessment of the automated driving system of fully automated vehicles, as proposed by this regulation, relies 

heavily on the traffic scenarios that are relevant for the different use cases of fully automated vehicles. It is therefore 

necessary to define those different use cases. The review of such use cases, and their amendment if required, to cover 

additional use cases should be conducted on a regular basis. 

Given the complexity of automated driving systems, it is necessary to supplement the performance requirements and 

tests of this Regulation by manufacturer documentation demonstrating that the automated driving system is free of 

unreasonable safety risks to vehicle occupants and other road users in the relevant scenarios and during the ADS 

lifetime. 

In this respect, it is necessary to lay down the safety management system to be put in place by the manufacturers, to set 

for manufacturers and authorities the parameters to be used for the traffic scenarios relevant for automated driving 

system, to lay down criteria to assess whether the safety concept of the manufacturer addresses the relevant traffic 

scenarios, hazard and risks, and to set out criteria to assess the validation results from the manufacturer in particular 

validation results from virtual toolchains. 

The provisions of the European ADS regulation are structured around four concepts: 

• The overall safety level 

• Mandatory specific and configured scenarios 

• Specific families of mandatory scenarios (not configured) 

• The obligation to cover reasonably foreseeable scenarios 

Logic Provision of the regulations 

Acceptable overall residual 
risk level 

The manufacturer shall define the acceptance criteria from which the validation targets of 
the ADS are derived to evaluate the residual risk taking for the ODD into account, where 
available, existing accident data, data on performances from competently and carefully 
driven manual vehicles and technology state- of-the-art. 

Completeness of risk 
analysis 

Scenarios [that are not listed below] shall be generated to cover reasonably foreseeable 
critical situations, including failures and traffic hazards within the operational design 
domain. When ADS capabilities depend on remote capabilities, scenarios shall include 
failures and traffic hazards stemming from the corresponding remote capabilities. 

Taking specific scenarios 
into account: individual 
scenarios 

Testing: 
Lane changes; Turn right; Turn left 
Deceleration of vehicle ahead; Crossing pedestrian or bicycle 
Motorway entrance / exit / toll station 

Taking specific scenarios 
into account: families of 
scenarios 

Detect and respond to: 
o exo users: motor vehicles and other road users such as motorcycles, bicycles, 

pedestrians, and obstacles; 
o road accidents; traffic congestion; road works 
o road safety officers and law enforcement agents; emergency vehicles. 
o traffic signs, road markings 
o ADS or/and vehicle malfunctioning behavior 

Consideration of specific 
scenarios: sub-domains of 
employment 

Detect and respond to: 
o environmental conditions: rain, snow, time of day, light intensity, fog, mist. 
 

 



5 
 

2. Design -validation: reminder of the V-cycle approach  

The safety demonstration methodology, which can be structured into several phases, is an iterative process. 

In automotive culture, the system development process is based on the so-called “V-cycle” model. In this 

model, system design is based on the identification of interacting subsystems. The V-cycle model makes it 

possible to cover all phases of development of a system component, from specification to validation. 

According to the literature, ISO 26262 and the SOTIF standard1, the V-cycle can be structured into several 

phases: 

• System specification: specification of technical safety concepts, 

• Development and general design of the system: hardware development, specification of hardware 

safety requirements, 

• Development and detailed design of the system: hardware architectural metrics, 

• Realization: testing and integration of hardware, 

• Software unit testing: detailed design and implementation of the software, specification of safety 

requirements, launch of software development, 

• Integration tests, 

• Validation and evaluation of functional safety, 

• System integration. 

This process describes the articulation of hardware (hardware) and software (software) aspects at the level 

of the system and the subsystems that compose it. 

 

 

 

 

 

 

 

 

The different stages of this diagram can be linked to five main activities structuring the safety demonstration, 

represented above: 

1. the system specification, 

2. system-level risk analyses, 

3. component level risk analyses, 

4. system-level safety validation, 

5. the system-level safety demonstration/case. 

As noted above, demonstrating safety is a process combining: 

i. steps for specifying functions and their safety requirements; these specifications are themselves 

declined from the system to its components 

ii. risk analysis stages; These steps typically combine two approaches: 

 
1 SOTIF (ISO 21488) is a complement to ISO 26262 for the development of driver assistance systems and for the functions 
of automated vehicles to compensate for misuses and functional inadequacies. 

Figure 1 : Illustration of the V cycle showing the main safety demonstration activities 
(based on SAM project) 
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a. one, called deductive, consists of identifying dangerous situations at the global system level 

in order to go back to the possible causes of accident situations identified at the system level, 

whether external causes or causes arising from system malfunctions (failures and functional 

insufficiencies); the assessment of the risk for the overall system based on its performance 

results in the specification of its requirements (known as high-level requirements), passed 

on from the overall system to the level of components and subsystems; 

b. the other, called inductive, consists of analyzing the failure modes of the components of the 

system, and analyzing the result, in terms of induced dangerous situations and performance 

inadequacies of the overall system. 

These steps are combined iteratively, by adjusting the specifications through failure control measures 

(inductive approach) or overall performance (deductive approach). The new risk analyzes applied to the 

adjusted specifications eventually lead to reviewing the specifications of the overall system, until they 

converge towards an acceptable level of residual risk for the system, with reference to comparable systems 

or services. The specifications, the risk level and the risk analysis documentation then constitute the 

substance of the safety demonstration file. 

The diagram below illustrates this logic (Appendix 3 provides another representation of the approach, called 

the “hourglass model”). 
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Analysis and management of risks of automated driving systems: diagram of the approach 
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Some of the activities of the V-cycle approach described above consume and/or generate scenarios, which 

are then specific to a given system. 

 

3. Variation of the V-cycle approach to an automated road transport system 

The particularity of the V-cycle model is that it is applicable to a system but also to systems of systems. As a 

result, it can be used for the validation of safety at the vehicle level but also at the system level when 

integrating one or more vehicles into a technical system, within the meaning of the French decree. The 

integration of this technical system into an automated road transport service on a predefined route – 

considered as a system – is validated in the same way. 

In schematic terms, the validation of the safety of an automated road transport system, based on the vehicle, 

system and service components deployed on a route, is an iterative process based on an iterative model. The 

system studied is then respectively: 

• the vehicle equipped with an automated driving system (vehicle with driving delegation), 

• equipment external to the vehicle (technical installations deployed on the route, supervision), 

• the technical system (vehicle with driving delegation and validated technical installations), 

• the automated road transport system (technical system deployed on a predefined route accompanied 

by operating, upkeep and maintenance rules). 

By repeating the previous V-shaped cycle, the validation of the safety of a STRA, based on ISO 26262, can be 

schematized as follows: 
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4. Contributions of scenarios to the search for completeness of risk analysis 

A major challenge of the safety demonstration approach is to ensure the greatest possible completeness in 

the risk analysis. 

 

 

 

 

 

  

The objective is, as the SOTIF standard points out, to limit cases of unknown and serious risks (also known as 

“unknown unsafe”). 

 

This quest for completeness of scenarios is central to the approach. The requirement of “reasonably 

foreseeable” applies (see EU ADS regulation above), to which the deductive and inductive approaches 

presented above contribute. These approaches must combine the search for system malfunctions and 

external traffic hazards. This search for completeness of events (malfunctions + traffic hazards) is fueled by 

the combination of deductive approaches on possible causes (danger →possible causes) or inductive 

approaches to failure modes (failure →dangers). The search for completeness is also fueled by the search for 

traffic hazards specific to the route. 

The scenario approach is based in particular on an “expert opinion” generation method, by combination of 

scenario description axes (driving environments * nominal maneuvers * characteristics of the precursor 

events of collisions), which leaves room for side any probabilization objective and is not based on data from 

observation. 

The main expected contribution of the scenario approach is to avoid the omission of certain types of 

scenarios in quantified (probabilized) approaches resulting from traditional risk analyses. The generation of 

scenarios (in particular by combination of axes) therefore constitutes a first step, normally supplemented by 

a quantification step (frequency / severity). The robustness of the overall approach (scenario generation / 

quantified risk analyses) should therefore be based on the principle according to which the scenarios 

resulting from the generation stage are systematically included in the quantified analyses, even if it means 

qualifying them as “implausible” or to describe their consequences as “not serious”. The main objective of 

generating scenarios is to reduce the space of “unknown” scenarios, and not to assess their criticality. 
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5.  Scenarios and application of vehicle safety analysis to traffic environments 

In the variation of the vehicle to the route and the service presented above, we understand that only the 

events brought specifically by the passage from one level to another (e.g. technical system or route, in the 

case where the demonstration is carried out in a generic case described by the diagram above) require 

refinements: thus, for example, the events linked to crossing an intersection only need to be reviewed, 

beyond the approval of the vehicle, in the to the extent that: 

i. the linear density of intersections would be significantly different on the route than what was retained 

at the approval level; 

ii. the contextual speeds at intersections would be significantly different on the route, compared to what 

was adopted at the approval level; 

iii. the types of third parties interacting would be significantly different on the route, compared to what was 

retained at the approval level; 

iv. specific masks (particularly altering avoidability by third parties) would appear on the route. 

We see here, incidentally, that the articulation between what will be demonstrated at the level of vehicle 

approval and what will have to be reviewed at the system/service level on the route, may depend on the 

choice made, in the approval file, to represent the “worst cases” of the different targeted deployment 

configurations: in other words, an ADS approved from a demanding set of events (in frequency and severity) 

in relation to the potential deployment configurations, will be less likely to have to do the subject of a safety 

demonstration adapted to the system/course level. The counterpart of this “one fits all” logic is naturally that 

the set of events underlying the approval is sufficiently transparent so that the correspondence with the set 

of events characterizing the system/pathway can be established. 

In the variation of the vehicle to the route and the service presented above, we thus sense the interest of 

using the overall weighted approach in order to facilitate this variation by limiting the need to specify, at the 

level of systems and routes, the safety demonstrations already carried out at vehicle level. The anticipated 

logic is simple: the more the sets of scenarios considered at the vehicle approval level are representative of 

the deployment conditions, and in particular the “reasonably worst”, the less it will be necessary to reinforce 

the safety demonstration according to these deployment conditions. 

This logic can then, schematically, take two main forms: 

i. The use of frequencies of precursor events representative of circulations in more “difficult” conditions 

than the average circulation environments represented in the ODD: we can think, for example, of taking 

the meteorological conditions of rather unfavorable geographical zones (northern zones) and visibility 

conditions at intersections in dense urban areas (dense cities in southern areas); or densities of precursor 

events (e.g.: vulnerable users, number of establishments open to the public generating flows) in the 

upper range of the situations observed within the ODD; or even consider the offending behavior 

representative of the areas least respectful of the highway code or the most uncivil. This is a compromise 

between requirements possibly set at a high level at vehicle level, which avoid re-specifying safety 

demonstrations at deployment environment level, or lower requirements, to be re-evaluated (with the 

contribution of remote capabilities) during the safety demonstration in a deployment environment. The 

fundamental requirement here is the transparency of the choices of quantification parameters (in 

particular frequency and avoidability; severity constituting a parameter a priori easily counter-tested) at 

the level of approval, in order to be able to test them at the level of the safety demonstration of a STRA. 

ii. Another logic, comparable in spirit to that underlying the tests, consists of treating separately the overall 

weighted analysis of the scenarios which are considered to be a) common and representative of all the 

deployment environments covered by the 'ODD; b) easily characterizable; c) sufficiently critical so that a 
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flagrant absence or inadequacy of response from the system could be sufficient to disqualify it; but d) 

whose expected response from the system is not describable in a sufficiently simple and unambiguous 

manner to apply the pass/fail test logic applicable for simple scenarios (such as emergency braking in 

pedestrian detection, for example ). Responses to injunctions from law enforcement typically fall into 

this category, as does respecting vehicle priorities, or approaching construction sites or responding to a 

signaling fault. In this case, the applied approach would be entirely unquantified: for these scenarios, the 

safety demonstration should fundamentally describe the system response, and the assessment of this 

response in the approval or system/pathway safety demonstration would be qualitative. We sense that, 

since this approach amounts to asking for a qualitative “mini safety demonstration”, specific to each of 

these scenarios, efficiency would require that it be applied as much as possible at the vehicle level, in 

order to avoid having to then duplicate it for different technical systems and/or different types of routes. 

Unfortunately, these scenarios must integrate a system component (if only through the expected 

contribution of connectivity) and a component linked to routes (possibilities of clearing the way to 

manage a priority for example); it therefore appears illusory to only deal with them at the level of vehicle 

approval. The idea would therefore be that, at the level of approval, the existence of a response to a set 

of scenarios in this family is verified, and that the determinants of this response which are dependent on 

elements external to the vehicle (e.g. connectivity, lane widths) are highlighted in a transparent manner 

so that they can possibly be tested in the safety demonstration of the system and/or in view of the route. 

This logic could be transposed when declination of the technical system towards the route: the 

determinants of the responses which are dependent on the routes, are verified in view of this route (see 

the examples above, in particular relating to masks). 

 

6. Connections between an approach by weighted scenarios and an approach by specific scenarios 

This part presents the different reasons for a good articulation between the overall weighted approach used 

and an approach by specific scenarios. 

6.1. Explainability of the weighted scenarios approach: contribution of generic driving scenarios 

The articulation between a weighted scenario approach and a specific scenario approach can respond to 

considerations of transparency and explainability. 

The first consideration relates to the risk of lack of transparency of the parameters used in the normative 

approach: this would involve guarding against the effect of too much endogenization of risk analyzes (via 

frequency ratings of specific scenarios to each vehicle and/or system designer). Indeed, if the principle 

remains virtuous according to which the risk analysis (including the criticality rating of the scenarios) is 

endogenous to the ODD and constitutes an element of commercial differentiation of the actors, this risk 

analysis must remain partly opaque to third parties evaluators (approved qualified body) taking into account 

the cost of appropriation of the methodological choices made by the various petitioners. 

We may then be tempted to “benchmark” these choices by setting, for example, exogenously, a set of 

“tutelary” scenarios, including with a tutelary probability of occurrence, on which the safety level of the 

system would then be recalculated. By making the set of scenarios exogenous, we could thus carry out a 

consistency check on a form of “standard model” of the ODD, whose scenarios (precursor events of collisions) 

would be known to the third-party evaluator. 

Here we find a logic very similar to the concept of a driving license: the idea is to include the most 

representative possible scenarios of traffic within the ODD, without looking for scenarios of extreme severity. 

By way of illustration, we could thus imagine, using the scenario generation approach, that the “standard 

model” thus includes combinations of the type: 
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Traffic environment and 
nominal maneuver 

Hazard – collision precursor event Environmental hazard affecting 
response 

1. Driving on track – forward A. Vehicle braking 
B. Vulnerable user crossing 

I. Night 
II. Day 

 
I. Normal visibility 

II. Reduced visibility 
(moderate rain 
characteristic) 

2. Driving on track – reverse 

3. Insertion on track from a 
closed site A. Vehicle traveling on the lane at 

maximum authorized speed 
B. Vulnerable user traveling on the track at 

normal speed 
 

4. Stop on notch 

5. Starting from a notch 

6. Stopping on track 

7. Departure from a stop on 
the track 

8. Crossing the simple 
intersection 

A. Vehicle approaching the intersection 
respecting speed and priority rules 

B. Vulnerable user approaching the 
intersection respecting speed and 
priority rules 

9. Turn right at an intersection 

10. Turn left at an intersection 

If we wish to be able to compare this approach based on “tutelary” scenarios to that resulting from the 

weighted scenarios approach of the system designer, the question then arises of rating the tutelary scenarios, 

in frequency and severity. 

In terms of explainability, the presentation of this approach would consist of being able to guarantee that 

independently of the system designer's demonstration of "endogenous" safety, the latter has been able to 

demonstrate, on "basic" scenarios, its ability to respond to it effectively in a safe way. 

This “driving license” approach could nevertheless, in terms of social acceptability, be seen as too “loose”, 

due to the “basic” or uncritical nature of the scenarios used. The logic could then be pushed further, by 

focusing on the scenarios of interactions with the most critical third parties, for example exceptional speeds 

or accelerations/decelerations of exo vehicles2, or particularly degraded visibility conditions. We would then 

be in the logic of a “professional driver’s” driving license, more demanding than that of a normal driver called 

upon to manage “routine” situations. This approach would retain the previous logic with a tutelary 

probability of occurrence and severity, on which the safety level of the system would then be recalculated 

with this new scenario game “standard”. 

Traffic environment and nominal 
maneuver 

Hazard – collision precursor event Environmental hazard affecting 
response 

11. Driving on track – forward C. Vehicle braking suddenly (accident) 
D. Vulnerable user crossing with 

abnormal speed or acceleration 

III. Night 
IV. Day 
III. Normal visibility 
IV. Very reduced visibility 

(characteristic of 
intense rain or fog) 

12. Driving on track – reverse 

13. Insertion on track from a closed 
site 

C. Vehicle traveling on the lane at 
maximum authorized speed + X km/h 

D. Vulnerable user (including 2WD) 
traveling on the track at excessive 
speed 

 

14. Stop on notch 

15. Starting from a notch 

16. Stopping on track 

17. Departure from a stop on the 
track 

18. Crossing the simple 
intersection 

C. Vehicle approaching the intersection 
not respecting speed and priority rules 

D. Vulnerable user approaching the 
intersection not respecting speed and 
priority rules 

19. Turn right at an intersection 

20. Turn left at an intersection 

 

 

 
2 Refers to a vehicle (or a road user) other than the vehicle considered, itself qualified as an “ego”. 
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6.2. Subsets of scenarios specific to users or areas of use  

The angle here is different from that of specific scenarios considered individually or with tutelary frequencies 

and severities as described in the previous point. The question here relates to the demonstration of safety 

from the point of view of a subset of scenarios defined by specific users or uses. 

We can cite here the question of vulnerable users, a possible reasoning given that the level of safety for the 

subset of scenarios involving these users should be compared to that for all users, or for non-vulnerable 

users. We could then consider splitting the set of scenarios above, by isolating vulnerable users. This would 

mean that we assume, in a tutelary way, to situate ourselves from the point of view of a user outside the 

system who has chosen a journey in soft mode and that we decide, in a tutelary way, that he does not there 

is no reason to assess the level of risk of the system by assuming that this user is in mode protected by a 

vehicle. The question of the level of safety for people with reduced mobility would arise from the same 

problem. 

The question of night traffic, or even that of rush hours, could also be linked to this problem: should we 

compare the safety levels for these uses with the general safety level, in order to avoid obvious differences 

in the level of safety? safety between uses (behind which there may be, in fact, “captive” users of these 

periods). 

This approach would however lead to multiplying the fine partitions of user types and areas of use, and 

therefore the safety demonstrations on these subsets, very cumbersome if it were necessary to reproduce 

the weighted approach (severity / frequency of scenarios) for each subset of uses. 

Taking vulnerable users, including people with reduced mobility, into account in specific interaction scenarios 

with third parties appears to be a preferable route. It would notably consist of ensuring that all categories of 

third parties are taken into account in the “targets3” of the scenarios. 

A more advanced integration approach could possibly, for scenarios in which the nature of the “target” is 

undetermined (vulnerable or non-vulnerable user), retain in a tutelary manner the level of severity of 

accidents corresponding to vulnerable users (a priori more pupil). 

Concerning uses during specific periods (night or peak hours or off-peak hours), it appears a priori that it is 

quite difficult to justify imposing specific safety demonstrations on these subsets of scenarios which would 

deviate from the principle of weighting (frequency / severity) on all scenarios in the employment field. 

Likewise, it appears difficult to justify reasoning only on a subset of scenarios reflecting what is presumed to 

be the riskiest sub-domain of employment (example: nighttime), which would amount to considering that 

the domain of employment is limited to this sub-domain. 

On the other hand, two approaches appear legitimate: 

- With the aim of transparency, it could be requested that beyond the demonstration of safety carried out 

over the entire field of use, the resulting level of safety for sub-fields of use be presented as informative 

(e.g. at night, in the rain, etc.); the informative value of this level of safety, compared to the overall level 

of safety, could particularly concern users; 

- For scenarios defined as specific (or unavoidable or protective), it could be requested that reasonably 

foreseeable extreme visibility conditions be systematically taken into account (example: response to 

injunctions from law enforcement at night) 

 
3 The term "target" should not be misinterpreted: it is used to characterize the person or object with respect to which 
vehicle collision must be avoided. 
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Thus, it appears preferable that the safety objective defined be for the field of employment without 

distinguishing any sub-field of employment; this overall objective would then be supplemented by an 

obligation to indicate, through transparency, the level of safety resulting from it by considering subsets of 

the field of use relevant from the point of view of use or users, possibly allowing to highlight a strong gap 

between the overall level of safety and that by sub-areas of use. 

6.3. Specific scenarios reflecting compliance with the Highway Code 

Compliance with traffic laws is a high-level essential requirement for the automated road transport system, 

and should guide the demonstration of safety, whether at the vehicle, system, route and service levels. 

Transcribing these essential requirements into scenarios raises difficult questions. 

Firstly, assuming that we can transcribe these essential requirements into the scenarios, it is difficult to 

imagine that this would be done in a probabilized approach of the SOTIF type, which would amount to saying 

that we accept a certain probability of non-compliance of the Highway Code in the overall safety analysis. If 

there must be a variation in the scenarios approach, this must therefore be done through specific scenarios. 

Transcribing the requirements for compliance with the Highway Code into specific scenarios could lead to 

separating different types of situations4: 

a. Situations that could be described as “simple and binary” respect in the sense that only the vehicle ego 

is concerned and respect can be measured simply in pass/fail (e.g. respect for the speed limit and 

continuous lines, stopping at a stop sign, respecting traffic lights, etc.); 

b. Situations involving other users, in which compliance with the rules is therefore assessed by taking into 

account the behavior of these users (e.g. priority for pedestrians; possibilities of overlapping a continuous 

line for overtaking cyclists or obstacles; yielding to the passage) : 

In addition to the need to script the behavior of “exo” users, the pass/fail criteria for the second type of 

scenarios are not deducible directly from the highway code, even if some are (cf. with regard to cyclists : 1 

meter in built-up areas – 1.50 meters outside built-up areas). 

The difficulties in scripting compliance with the rules of the highway code are undeniable, but it should be 

noted that these difficulties mainly focus on the pass/fail criteria linked to the vehicle's ego response: the 

generation of driving scenarios by nominal driving situation and the “hazard” represented by the signaling 

does not pose any methodological problem in cases of type a) above; the generation of scenarios involving 

the behavior of exos users refers to the above considerations regarding the “abnormal” nature of certain 

third-party behaviors (provided they comply with the highway code). 

The generation of scenarios representative of situations representative of the various rules of the Highway 

Code constitutes a first step, which is justified without having to decide how the response of the ego vehicle 

to these scenarios will be evaluated. 

The description architecture defined in the scenario approach (see below) makes it possible to distinguish 

first layers of scenario definition, not involving the vehicle's response. 

 

 

 

 
4 The EU ADS regulation thus provides: 

• The ADS system must comply with the traffic rules of the country of use. 

• The ADS system must interact safely with other road users, in accordance with traffic rules 
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This architecture allows a description of scenarios in five axes: 

1. Static traffic environment (e.g. geometric configuration of the infrastructure) 

2. Rated driving maneuver 

3. Hazards (collision precursor events; system malfunctions) 

4. System response 

5. Hazards affecting the response of the system (combination of hazards; 

visibility) 

Transposed to scenarios transcribing a rule of the Highway Code, this approach leads to describing this type 

of scenarios as follows: 

1. Static traffic environment (e.g. geometric configuration of the infrastructure) 

2. Rated driving maneuver 

3. Manifestation of the rule (e.g.: stop; give way) 

4. System response consistent with expected behavior 

5. Hazards affecting the response of the system (combination of hazards; 

visibility) 

It is in this logic that the interaction scenarios with law enforcement officers or with vehicles benefiting from 

passage facilities were constructed5. 

1. Static traffic environment (e.g. geometric configuration of the infrastructure) 

2. Rated driving maneuver 

3. Order from a law enforcement representative or occurrence of a priority requirement 

4. System response consistent with expected behavior 

5. Hazards affecting the response of the system (combination of hazards; 

visibility) 

It appears justified to continue this work on the other provisions of the Highway Code, starting a priori with 

the so-called “simple – binary” rules described above. 

 

 
5 See DGITM methodological document: 
https://www.ecologie.gouv.fr/sites/default/files/DGITM-Scenarios_AFO-july_2022.pdf  

https://www.ecologie.gouv.fr/sites/default/files/DGITM-Scenarios_AFO-juillet_2022.pdf
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7. Summary and overview of the articulation of the approaches 

The design-validation approach for an automated system (known as the “V” approach) and the scenario 

approach are closely linked. 

On the one hand, the design-validation approach produces and consumes scenarios: it essentially produces 

scenarios in the risk analysis stages; it uses scenarios at the different testing and validation phases (at 

component and system levels). This process aims in particular to ensure that the scenarios are representative 

of the system considered, and in particular of its field of use (see concept of ODD-based approach6). We can 

describe this articulation as “endogenous”. 

On the other hand, the scenario approach has the advantage of being able to provide a form of “exogeneity”, 

useful in demonstrating safety, by using scenarios which can be derived from references external to the 

system. These scenarios must naturally be filtered to ensure that they actually reflect "reasonably 

foreseeable" scenarios in the field of employment, but their great advantage is that they help to limit the risk 

of omitting scenarios that could cause too “endogenous” an approach to the system. 

The sources of scenarios that can be used are diverse: those resulting from the design of the system and the 

risk analysis applied to the different components of the system; those from observed data (rolling, near 

misses, and accidents); those resulting from regulations, standards or codes of good practice. Sources can 

enrich each other with the aim of completeness. Collaborative work, in particular the sharing of scenario 

bases, also contributes to enriching the sources. 

These different sources of scenarios present a more or less “endogenous” character to the system considered 

and its field of use: the most “endogenous” sources guarantee that the scenario considered is part of the 

field of use, but present a certain risk of “myopia”; the most “exogenous” sources have the advantage of 

being able to identify more diverse scenarios, but require processing in order to filter their content with 

regard to the intended use of the system. This articulation of the two logics: enrichment of endogenous 

scenarios / filtering of exogenous scenarios contributes to the search for completeness of the safety 

demonstration. 

In addition, the sources of scenarios resulting from observation (accidents, near-accidents, “nominal” driving) 

can usefully be enriched with more inductive sources, whether they are “endogenous” to the system (e.g. 

from the analysis fault trees of system components), or more “exogenous” (e.g. constructed by combining 

descriptors of interaction scenarios with third parties and the search for reasonably conceivable values in the 

field of use). 

Furthermore, the search for scenarios specific to the ODD must be based on the search for scenarios 

specifically identified in the safety analysis of the route on which an automated road transport system aims 

to be deployed: these scenarios are particularly likely either to better filter scenarios from rather 

“exogenous” sources, in order to eliminate those that are not reasonably conceivable on the route, or, on 

the contrary, to see risk factors specific to the route appear (e.g. particular geometries, visibility masks , 

points of accumulation of collision-generating events). 

Finally, the design-validation approach cannot be detached from its operation and monitoring part, which 

generates feedback and therefore enriches the sources resulting from observation. 

The diagram below illustrates these joints. A more detailed presentation appears in appendix 5. 

 
6 Cf. ODD Based Scenario Framework – OICA & CLEPA input to UNECE – WP 29 Document FRAV-20-07 - 14 October 
2021 
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The search for completeness of risk analysis must rely on effective scenario generation methods, capable of 

generating a large number of scenarios, which can then be integrated into safety demonstrations using the 

weighting of scenarios by their frequency and their severity. 

The declination of the risk analysis from the vehicle to the route must be based on scenario descriptors 

making it possible to identify those which depend more or less on the routes, in order to guide the declination 

of the risk analysis from the vehicle level (approval), towards that of the technical systems then the services 

deployed on a route; the underlying idea is to be able, from the scenario descriptors, to distinguish generic 

scenarios (i.e. relatively independent of the pathways) and path-dependent scenarios; in this context, the 

concern to make the demonstration of safety at the level of vehicles or technical systems as transferable as 

possible from one route to another, can lead to playing on the severities (by retaining the upper limits of the 

severities potentially resulting from the specificities of different pathways) or frequencies (by taking averages 

representative of “families” of pathways within a broader ODD). 

Beyond that, the connection between the approach of weighted scenarios (by their frequency and severity) 

and the approach of specific scenarios (or tutelary or unavoidable), comes from two types of reasons: 

- External and transparent verification : the scenario approach firstly allows scenarios to be described in 

a common way, facilitating a third party's view of the completeness of a risk analysis (based on the 

normative corpus): the analysis of completeness mentioned above can in fact then be based on lists of 

descriptors and variation ranges of the parameters usable for several types of vehicles / systems / routes; 

the completeness of the descriptors and the extension of the parameter ranges used in the designer's 

normative approach can then be considered as a first presumption of completeness of the scenarios 

considered in this normative approach. The question of using a set of pre-defined scenarios exogenously 

to those used in demonstrating the safety of the normative approach, to provide a second opinion on 

the latter, is more delicate. Defining a standard made up of a manageable number of scenarios (a few 

dozen), characterized by tutelary probabilities and severities is tempting, but it should be based on a 

minimum of data allowing the probability of the chosen scenarios. In any case, this approach cannot 

consist of repeating a demonstration of the malfunctions approach, replacing the analysis carried out by 

the system designer. In practice, it would aim to compare the level of safety thus put forward by the 

designer, with that resulting from a “reduced model” of scenarios. Here we can find a logic close to the 

driving license. 

- Taking into account regulatory scenarios: these requirements necessarily refer to specific scenarios: the 

probabilized approach of SOTIF is not a priori suitable, each rule and therefore each scenario illustrating 

it must be respected, regardless of its probability of occurrence). If certain rules of the Highway Code do 

not pose a scripting problem (e.g. stopping at a stop sign), others, involving third parties, require defining 

the behavior of these third parties. The transcription of certain rules into partial scenarios (driving 

environment + manifestation of the rule during nominal driving) appears achievable and deserves further 

investigation (see illustrative list of articles of the Highway Code in the appendix). 
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Articulation of the scenario 
approach and other components of 
the safety demonstration 

Questions to explore 

Variation of risk analysis vehicle 
→technical system →route 

- Weighting of scenarios representative of sub-ODDs targeted more 
particularly by the deployment 

- Overrepresentation of the most critical scenarios/sub-ODDs 

External verification with the aim of 
explainability 

- Reduced model of a set of specific scenarios (non-critical? critical?) 
- Weighting (frequency / severity) of the set of specific scenarios 

retained. 

Taking into account specific users 
(e.g.: vulnerable users; handicaped 
people) or specific uses (e.g.: night; 
peak/off-peak periods) 

- Specific weightings or selections of specific subsets of scenarios do 
not appear easily justifiable. 

- Taking specific users into account seems to be preferentially a 
matter of tutelary approaches on the severity of the accidents to 
be avoided. 

- Taking into account specific conditions of use (night, very dense 
traffic) refers rather to the configuration of specific scenarios, 
either with regard to the specific users mentioned above (typically 
avoiding accidents with pedestrians as well at night ): either with 
respect to the rules of the highway code and in particular 
interactions with law enforcement and priority vehicles (see below) 
(typically, respecting a stop sign or responding to an injunction on 
the track must be able to be verified day, night, in poor visibility, 
etc.) 

Demonstration of formal respect for 
the highway code 

- Development of a set of situation scenarios (notwithstanding the 
question of qualifying the response of the ego vehicle), starting 
with simple – binary rules (e.g. respecting the stop sign) before 
tackling situations with vehicle behavior or third party users (e.g. 
giving way). 
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Appendix 1: Formalization of approaches by weighted scenarios and by specific scenarios 

a. Weighted scenario approach 

The approach can be formalized very schematically as follows: 

- A n = hazard n (precursor event or combination of precursor events) (NB: in the ODD) 

- F (A n ) = frequency of hazard n 

- R x (A n ) = response 7x 8of the system to hazard n (~ safety barriers) 

- S [R x (A n )] = severity of the accident depending on the response provided by the system (for 

simplification we consider that for a given hazard, a single response is possible. 

- F [R (A n )] = accident frequency depending on the response provided by the system 

Safety level: ∑ F [R (A n )] * S [R (A n )] ≤ Ref 

b. Breakdown of vehicle – technical system – route – service: simplified presentation 

The variation of this quantified approach weighted by system level consists, schematically, of adapting or 

detailing the analysis of hazards, their frequencies and their severity, at these different levels: 

- A n →A' n : possibly new hazards (including system elements external to the vehicle) and/or reduction in 

the number of hazards if restricted by the ODD 

- F (A n ) →F' (A n ): frequencies for new events and/or modified frequencies (e.g.: concentration of events 

of a certain type on the route) 

- R (A n ) →R' (A n ): adapted system response (example: contribution of remote capabilities) 

➔ The safety level demonstration is revised - adapted, at each stage 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
7 In the performance approach, we are only interested in the response of the system once designed, which is evaluated 
in the risk analysis; how the system was designed, and how responses are allocated to different subsystems in the design, 
does not appear here. 
8 If we consider that for a hazard n, several responses are possible, then we name R x (A n ) the response considered with 
x varying in all the responses; R (A n ) otherwise. 

∑ F (An) * S [R (An)] ≤  Ref 

∑ F’ (A’n) * S’ [R’ (A’n)] ≤  Ref 

∑ F’’ (A’’n) * S’’ [R’’ (A’’n)] ≤  Ref 

Vehicle type-

approval 

System safety 

demonstration 

Service safety demonstration (y.c. 

route) 
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c. Additional safety demonstrations by sub-areas of use 

The overall weighted analysis carried out on the entire field of employment can be reproduced for sub-fields 

of employment, sufficiently broad (therefore in limited number) so that the probabilized approach which 

underlies it retains a logic : we can think in particular of traffic at night or in poor weather conditions; in this 

case, the quantified overall safety objective may be adapted (or not) to the employment sub-domain of 

interest; the safety demonstration criteria are then combined: the system must demonstrate the 

achievement of the safety levels attached to the different sub-domains of use. 

 

 

 

 

 

 

 

The logic of this dual approach (overall employment area – employment sub-areas) would then involve a 

“double-check”. Its limit lies in the risk of multiplication of sub-fields of use, which would then become 

artificial and non-documentable (e.g.: safety objective specific to night traffic with fog). We therefore 

understand that this approach must be used sparingly: the day/night distinction appears quite telling; the 

specific treatment of certain weather conditions (e.g. intense rain) appears more complex and less easily 

standardizable. 

 

d. Specific scenario approach 

The formulation of specific scenarios involves a distinct logic: we thus move from an indicator weighted by 

the frequency of events to a criterion of adequacy of the response9 to a specific (standardized) event. 

Criterion = { ∑ F (A n ) * S [R (A n )] ≤ Ref } →  Criterion for event n = { R 1 ≤ R (A n ) ≤ R 2 } 

The standardizable nature of the test constitutes a strong requirement: the scenario must be able to be 

represented in a controlled environment in a sufficiently representative manner of all the situations 

potentially encountered in traffic conditions within the ODD; the expected response from the system must 

be sufficiently unambiguous. 

However, this logic is not applicable to all scenarios, particularly when the response consists of a relatively 

complex maneuver that it appears illusory to specify with a view to testing it in a standardized way. This is 

the case, for example, with responses to orders from law enforcement, priorities for intervention vehicles, 

or, by extension, approaching complex intersections (roundabouts, exits from parking lots or parking spaces). 

for passenger stop). This type of scenario refers to the articulation between the requirements evaluated at 

the vehicle, system and route level. 

 
9For example, we can include in this logic the response to injunctions from the police, which should respect particular 
functional requirements (perception distance, perception time, reaction time, signaling, etc.) and protect against 
malfunctions linked to failures, for each injunction scenario. 

Overall weighted “root” analysis 

Criteria = { ∑ F (An) * S [R (An)] ≤  Ref } 

On ODD 

Overall analysis weighted by sub-ODDs: p = 1, …, P 

P criteria = { ∑ Fp (Ap
n) * Sp [Rp (Ap

n)] ≤  Ref p } 

ET 
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Appendix 2: ISO 26262 – ASIL level allocation table 

 

Class S0 S1 S2 S3 

Severity criterion 
 

No injuries Light or medium 
injuries 

Serious and 
disabling injuries 
(probable survival) 

Fatal injuries 
(survival uncertain), 
death 

 

Class E1 E2 E3 E4 

Description Extremely low 
probability 

Low probability Average probability High probability 

Exposure probability 
criterion 

Unspecified < 1% of average 
operating time 

1% - 10% of average 
operating time 

> 10% of average 
operating time 

 

Class C1 C2 C3 

Controllability criterion Simply controllable Normally controllable Difficult to control or 
uncontrollable 

Definition > 99% of drivers & all are 
able to avoid danger 

> 90% of drivers & all are 
able to avoid danger 

<90% of drivers and all are 
able or barely able to 
avoid danger 
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Appendix 3: safety demonstration - hourglass model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Risk assessment 

1. Risk analysis 
- Identification of hazardous situations 

- Consequence analysis (accident situations) 

- Choice of risk acceptance principles 

2. Risk assessment 

Definition and system specifications 

Managing dangerous situations 

3. Dangerous situations analysis 
- Analysis of possible causes of malfunctions 

- Analysis of consequences (accident situations) 

- Analysis of common causes 

4. Compliance demonstration 

• Specification of system requirements 

• List of identified hazards with associated safety 

measures 

• Safety requirements (codes of good practice, 

explicit risk assessment objectives) 

Iterative process 
– other dangerous situations 

Global system level 

Sub-system level 

Figure 2 : Hourglass model applied to STRA safety demonstration 
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Appendix 4: contributions of the scenarios at the different stages of the analysis: vehicle, system, route 

 

Accident

Light condition failure 
by EGO vehicle

Unwanted event 1: 
connectivity failure

Undesirable event 2: traffic 
light failure

Undesirable event 3: 
sensor failure

Feared event: approach of 
an EXO vehicle

Feared event D: approach of 
an EXO vehicle at high speed, 

with good visual visibility

Feared event B: approach of 
an EXO vehicle at high speed, 

without visual visibility

Feared event B: approach of 
an EXO vehicle at high speed, 

without visual visibility

Feared event A: 
approach of an EXO 

vehicle at low speed, 
without visual visibility

 

To be re-evaluated, particularly in 

terms of route analysis 

AND OR 

 

To be assessed particularly in terms of 

technical system analysis 
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Appendix 5: articulation of the scenarios approach with activities relating to the safety demonstration 

Source: SAM project 
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Appendix 6: articles of the Highway Code that can a priori be instantiated in scenarios 

Art R412-7: 

I Vehicles must, unless absolutely necessary, travel on the roadway. However, they can cross a sidewalk, from the nearest access, to reach 
or leave the vehicle accesses of neighboring buildings or accesses not open to public traffic. (…) 

II When, on the roadway, a traffic lane reserved for certain categories of vehicles is marked , drivers of other categories of vehicles must 
not travel on this lane. (...) » 

Art R412-9 

“When walking normally, all drivers must keep their vehicle close to the right edge of the roadway, as much as the condition or profile of 
the roadway allows. 

Each lane change maneuver inside the roundabout comprising several traffic lanes with a view to taking an exit located on its left in 
relation to its entrance axis can steer to the left. 

Each lane change maneuver inside the roundabout remains subject to priority rules and must be signaled to other drivers. (...) » 

Art R412-11 

“In built-up areas, all drivers must slow down if necessary and, if necessary, stop to let public transport vehicles leave the stops marked as 
such. (...) » 

Art 412-12 

“I When two vehicles follow each other, the driver of the second must maintain a sufficient safety distance to be able to avoid a collision in 
the event of sudden slowing down or sudden stop of the vehicle in front. This distance is greater as the speed is higher. It corresponds to 
the distance traveled by the vehicle over a period of at least two seconds. (...) » 

Art R412-15 

“It is prohibited to cut off elements of military columns, police forces or marching processions.. (…)” 

Art R 412-19 

“When continuous longitudinal axial or lane-separating lines are placed on the roadway, they prohibit drivers from crossing or 
overlapping them. However, their overlap is authorized for exceeding one cycle under the conditions provided for in article R414-4. (...) » 

Art R412-22 

“The longitudinal lines delimiting the emergency lanes are continuous or discontinuous. They can be straddled or crossed if absolutely 
necessary. (…) » 

Art R412-31 

“Every driver must stop in front of a fixed yellow traffic light, except in the case where, when said light is switched on, the driver can no 
longer stop his vehicle in sufficient safety conditions. (...) » 

Art R 413-4 

“In the event of visibility less than 50 meters, maximum speeds are lowered to 50 km/h on all road and motorway networks. » 

Art R414-3 

“(...)II. - If it is impossible to cross without one of the two vehicles being forced to reverse, this obligation applies: 

1° To a single vehicle in relation to a group of vehicles; 

2° To the lighter vehicle of the two; 

3° To a goods transport vehicle with a total authorized weight greater than 3.5 tons compared to a public transport vehicle. (...) » 

Art R414-3-1 

“When an event, a race or a sporting competition benefits from the temporary exclusive use of the roadway, provided for in the first 
paragraph of article R. 411-30, any driver of a vehicle or machine which circulates on the roadway must leave the way, stop or park. (...) 

Art R414-4 

“I. - Before overtaking, every driver must ensure that he can do so without danger. 

II. - He can only attempt to overtake a vehicle if: 

1° He has the possibility of returning to his place in the normal flow of traffic without hindering it; 

2° The relative speed of the two vehicles will make it possible to overtake in a sufficiently short time. (...) » 

Art R414-6 

“Overtaking is done on the left. (...) » 

Art R414-15 
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"When, on one-way roads and on roads with more than two lanes, traffic has, due to its density, established in an uninterrupted line on all 
lanes, the fact that vehicles in one line circulate faster than vehicles in another lane is not considered overtaking. » 

Art 414-17 

“When, on the roadway, at least one traffic lane is covered with snow or ice on all or part of its surface: (...) 

2° Overtaking winter service vehicles operating on the roadway is prohibited for any vehicle. (...) » 

Art R415-6 

“At certain intersections indicated by so-called stop signs, all drivers must stop at the edge of the road being approached. (...) » 

Art R415-7 

“At certain intersections indicated by so-called “give way” signs, all drivers must give way to vehicles traveling on the other road(s) and 
only enter after having ensured that they can do so without danger. (...) » 

Art R421-3 

“Any driver who uses a motorway junction ramp must give way to vehicles traveling on the motorway. (...) 

 

Art R415-9 

"I. - Any driver who enters a road by crossing a sidewalk or from an access not open to public traffic, a dirt road or a parking area must not 
enter the road only after ensuring that he can do so without danger and at a speed sufficiently reduced to allow him to stop on the spot. 

II. - He must give way to any other vehicle. (...) » 

Art R416-7 

" Fog lights. 

I. - In the event of fog, snowfall or heavy rain, the front fog lights can replace or supplement the low beam headlights. They can 
supplement the high beams outside built-up areas, on narrow and winding roads, except in cases where, in order not to dazzle other users, 
the low beam headlights must replace the high beam headlights. 

II. - The rear fog light(s) can only be used in fog or snowfall. (...) » 

Art R421-4 

“(…) Both of these maneuvers must be completed at the latest when the driver reaches the signals placed at the start of the slip road or 
junction. (...) » 

Art R412-11 

“In built-up areas, all drivers must slow down if necessary and, if necessary, stop to let public transport vehicles leave the stops marked as 
such. (...) » 

Art R414-17 

“When, on the roadway, at least one traffic lane is covered with snow or ice on all or part of its surface: 

I. - 1° Overtaking or changing lanes is prohibited for any driver of a vehicle whose total authorized weight exceeds 3.5 tons or for any driver 
of a combination of vehicles whose length exceeds 7 meters; (...) » 

Art 412-12 

I When two vehicles follow each other, the driver of the second must maintain a sufficient safety distance to be able to avoid a collision in 
the event of sudden slowing or stopping of the vehicle in front. This distance is greater as the speed is higher. It corresponds to the distance 
traveled by the vehicle over a period of at least two seconds. 

II Outside built-up areas, when vehicles or combinations of vehicles, whose total authorized loaded weight exceeds 3.5 tons or whose 
length exceeds 7 meters, follow each other at the same speed, the safety distance mentioned in I is at least 50 meters. (...) » 

 


