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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national

:2018(E)

standards

bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International

organizations, governmental and non-governmental, in liaison with ISO, also take part in

the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The procedures used to develop this document and those intended for its further mainte
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria-need
different types of ISO documents should be noted. This document was drafted in accordanc
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Atfention is drawn to the possibility that some of the elements of this documént‘may be the
patent rights. ISO shall not be held responsible for identifying any or all such/patent rights.
any patent rights identified during the development of the document will be in the Introduct
on|the ISO list of patent declarations received (see www.iso.org/patents).

Anl trade name used in this document is information given for thé convenience of users an
conpstitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific {
expressions related to conformity assessment, as well as information about ISO's adhere
Waqrld Trade Organization (WTO) principles in the Techiiical Barriers to Trade (TBT) see the
UR[L: www.iso.org/iso/foreword.html.

Thjs document was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcommit
Elactrical and electronic components and general system aspects.

An]ﬁ feedback or questions on this document should be directed to the user’s national standar
complete listing of these bodies can helfound at www.iso.org/members.html.

Allst of all parts in the ISO 26262'series can be found on the ISO website.
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Introduction

The ISO 26262 series of standards is the adaptation of IEC 61508 series of standards to address the
sector specific needs of electrical and/or electronic (E/E) systems within road vehicles.

This adaptation applies to all activities during the safety lifecycle of safety-related systems comprised
of electrical, electronic and software components.

Safety is one of the key issues in the development of road vehicles. Development and integration of
automotive functionalities strengthen the need for functional safety and the need to provide evidence

that funct

With the
implemen
these beir
guidance {

To achieve

onal safety objectives are satisfied.

fation, there are increasing risks from systematic failures and random hardware“failui
g considered within the scope of functional safety. ISO 26262 series of standards inclu
o mitigate these risks by providing appropriate requirements and processes.

functional safety, the ISO 26262 series of standards:

a) provi

es a reference for the automotive safety lifecycle and supports the tailoring of the activit

to be performed during the lifecycle phases, i.e., development, production, operation, service 2
decommissioning;

b) provi
Safety
c) uses A
residy

es an automotive-specific risk-based approach to detegymine integrity levels [Automot
 Integrity Levels (ASILs)];

al risk;

d) providles requirements for functional safety management, design, implementation, verificati

valida

tion and confirmation measures; and

e) provigles requirements for relations betweén customers and suppliers.

The ISO 2
through s
safety-rel
considere

The achid
activities
and config

Safety is
products.
work prod

h262 series of standards is concerned with functional safety of E/E systems that is achiey

ited systems based on othertechnologies (e.g. mechanical, hydraulic and pneumatic) can
.

s requirements:specification, design, implementation, integration, verification, validat
uration), the production and service processes and the management processes.

intertwined™ with common function-oriented and quality-oriented activities and w
The [SO'26262 series of standards addresses the safety-related aspects of these activities 3
ucts.

trend of increasing technological complexity, software content and mechatronic

es,
les

ies
nd

ive

\SILs to specify which of the requirements of ISO 26262 are applicable to avoid unreasonaple

on,

red

afety measures including safety mechanisms. It also provides a framework within whiich

be

vement of functional/safety is influenced by the development process (including stfich

on

brk
nd

Figure 1 s

hoews the overall structure of the ISO 26262 series of standards. The ISO 26262 series

of

standards is based upon a V-model as a reference process model for the different phases of product
development. Within the figure:

— the shaded “V”s represent the interconnection among ISO 26262-3, ISO 26262-4, ISO 26262-5,
ISO 26262-6 and ISO 26262-7;

— for motorcycles:

— IS0 26262-12:2018, Clause 8 supports ISO 26262-3;

— IS0 26262-12:2018, Clauses 9 and 10 support ISO 26262-4;

— the specific clauses are indicated in the following manner: “m-n”, where “m” represents the number

of the

Vi

“_n

particular part and “n” indicates the number of the clause within that part.
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EXAMPLE “2-6" represents [SO 26262-2:2018, Clause 6.

| 1. Vocabulary |

2. Management of functional safety

| 2-5 Overall safety management | | 2-6 Project dependent safety management |

2-7 Safety management regarding production,
operation, service and decommissioning

3. Concept phase 4. Product development at the system level Production, operation,

351 definiti eral topics for the product 4-7 System and item integr; servufe ?nd_
-5 Item definition ent at the system level and testing decommissioning

3-6 Hazard analysis and risk L 7-5 Planning for production,
assessment Y 4-8 Safety validation operation, service and
decammissioning

3-7 Functional safety concept

25
| 7-6 Produ%ti{h\‘o |

7-7 Op ion, servige and
dec@n}isgioning

I\ | 4
%

12. Adaptation of ISO 26262
for motorcycles

12-5 General topics for adaptation
for motorcycles

12-6 Safety culture 6 < ]
12-7 Confirmation measures € i

12-8 Hazard analysis and risk Lon

assessment ItV w

12-9 Vehicle integration and

testing

12-10 Safety validation

verification

8. Supporting pro ses
AN

8-5 Interfaces within distributed developments 8-9 Verification L \§‘ 8-14 Proven in use argument
8-6 Specification and management of safety 8-10 Documentation management, - 8-15 Interfacing an application that is outof scope
requirements 8-11 Confidence in the use of are tools of IS0 26262
8-7 Configuration management 8-12 Qualification of softydré.components 8-16 Integration of safety-related systemgnot
8-8 Change management 8-13 Evaluation of hardware elements developed according to ISO 26262
\\“.l

9. Automotive safety integrity:l@l (ASIL)-oriented and safety-oriented analyses
9-5 Requirements decomposition with respect to ASIL tailoring N | [9-7 Analysis of dependent failures |
9-6 Criteria for coexistence of elements " Q | [9-8 Safety analyses |

—
| ,-\{* 10. Guidelines on ISO 26262 |

| 11. Guidgl’i}e\ on application of ISO 26262 to semiconductors |
A

-
.

Figure Overview of the ISO 26262 series of standards
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prior to the publication of this document by tailoring the safety lifecycle depending on the
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Th
rel
int
im
be
to
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Th

Scope

s document is intended to be applied to safety-related systems that include one dr more
1 /or electronic (E/E) systems and that are installed in series production road'vehicles,
peds. This document does not address unique E/E systems in special vehicles-suich as E
igned for drivers with disabilities.

TE Other dedicated application-specific safety standards exist and can complement the ISO 2
tandards or vice versa.

tems and their components released for production, or systems@and their components alre
relopment prior to the publication date of this document, are exempted from the scope of th
s document addresses alterations to existing systems and¢their components released for g

s document addresses integration of existing systemsnot developed according to this doc
tems developed according to this document by tailoring the safety lifecycle.

s document addresses possible hazards caused‘by malfunctioning behaviour of safety-r
tems, including interaction of these systems:\It does not address hazards related to elec
e, smoke, heat, radiation, toxicity, flammabhility, reactivity, corrosion, release of energy a
rards, unless directly caused by malfunctioning behaviour of safety-related E/E systems.

s document describes a framewdrk for functional safety to assist the development
hted E/E systems. This framework is intended to be used to integrate functional safety
p a company-specific development framework. Some requirements have a clear technicj
blement functional safety into a product; others address the development process and can

unctional safety.

s document does:not address the nominal performance of E/E systems.

s documentéspecifies the requirements for adaptation for motorcycles, including the folloy
general\topics for adaptation for motorcycles;

safety culture;

electrical
excluding
E systems

b262 series

ady under
is edition.
roduction
hlteration.
ment and

blated E/E
fric shock,
hd similar

of safety-
activities
11 focus to
therefore

Seen as process requiremerits in order to demonstrate the capability of an organization with respect

ving:

confirmation measures,
hazard analysis and risk assessment;
vehicle integration and testing; and

safety validation.

Annex A provides an overview on objectives, prerequisites and work products of this document.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 26262-1, Road vehicles — Functional safety — Part 1: Vocabulary
[SO 26262-2:2018, Road vehicles — Functional safety — Part 2: Management of functional safety
IS0 26262-3:2018, Road vehicles — Functional safety — Part 3: Concept phase

~

ISO 26262-4:2018, Road vehicles — Functional safety — Part 4: Product development at the systemnévi
IS0 26262-5:2018, Road vehicles — Functional safety — Part 5: Product development at the hgrxdware Igvel
[SO 26262-6:2018, Road vehicles — Functional safety — Part 6: Product development at the’software Igvel

ISO 26262-7:2018, Road vehicles — Functional safety — Part 7: Production, operation, service ¢nd
decommis§ioning

[SO 26262-8:2018, Road vehicles — Functional safety — Part 8: Supporting protesses
ISO 26262-9:2018, Road vehicles — Functional safety — Part 9: Automotive Safety Integrity Level (AS|L)-

oriented aphd safety-oriented analyses
3 Termps and definitions

For the purposes of this document, the terms, definitions and abbreviated terms given|in
ISO 26263-1 apply.

ISO and IHC maintain terminological databases foruse in standardization at the following addresseg:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available’at https://www.iso.org/obp

4 Requirements for compliance

4.1 Purpose
This clausk describes how:
a) to achieve conipliance with the ISO 26262 series of standards;

b) to int¢rpretithe tables used in the ISO 26262 series of standards; and

c) tointérpre

4.2 General requirements

When claiming compliance with the ISO 26262 series of standards, each requirement shall be met,
unless one of the following applies:

a) tailoring of the safety activities in accordance with ISO 26262-2 has been performed that shows
that the requirement does not apply; or

b) arationale is available that the non-compliance is acceptable and the rationale has been evaluated
in accordance with ISO 26262-2.

2 © ISO 2018 - All rights reserved
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Informative content, including notes and examples, is only for guidance in understanding, or for
clarification of the associated requirement, and shall not be interpreted as a requirement itself or as
complete or exhaustive.

The results of safety activities are given as work products. “Prerequisites” are information which shall
be available as work products of a previous phase. Given that certain requirements of a clause are
ASIL-dependent or may be tailored, certain work products may not be needed as prerequisites.

“Further supporting information” is information that can be considered, but which in some cases is not
required by the ISO 26262 series of standards as a work product of a previous phase and Wthh may be
pnsible for

thd functlonal safety activities.

Interpretations of tables

| in a table
nent. Each

Tables are normative or informative depending on their context. The different methods listec
contribute to the level of confidence in achieving compliance with the corresponding requirer]
method in a table is either:

a)

a consecutive entry (marked by a sequence number in the leftmost'celumn, e.g. 1, 2, 3), of

b)

Foj
thd
no
col
wi

Fo1
AS

an alternative entry (marked by a number followed by a letter jni'the leftmost column, e.g.

consecutive entries, all listed highly recommended and récommended methods in accord
ASIL apply. It is allowed to substitute a highly recommeénded or recommended method
listed in the table, in this case, a rationale shall be\given describing why these comply
responding requirement. If a rationale can be given to comply with the corresponding re
hout choosing all entries, a further rationale for:oniitted methods is not necessary.

alternative entries, an appropriate combination of methods shall be applied in accordang
L indicated, independent of whether they\are listed in the table or not. If methods are 1

Pa, 2b, 2¢).

ance with
by others
F with the
juirement

e with the
sted with

on should
b selected

different degrees of recommendation for afASIL, the methods with the higher recommendat
be|preferred. A rationale shall be given-that the selected combination of methods or even
sinjgle method complies with the corrésponding requirement.

NO
for

TE A rationale based on the methods listed in the table is sufficient. However, this does not imply a bias

or against methods not listednini‘the table.

Fo1
an

each method, the degree of recommendation to use the corresponding method depends oj the ASIL
| is categorized as follews:

“++” indicates that the method is highly recommended for the identified ASIL;

u ”

indicates that the method is recommended for the identified ASIL; and

« n

indicates that the method has no recommendation for or against its usage for the identjified ASIL.

4.4

ASIL -dpppndpnt rpqnirpmpnfc and recommendations

The requirements or recommendations of each sub-clause shall be met for ASIL A, B, C and D, if not
stated otherwise. These requirements and recommendations refer to the ASIL of the safety goal.
If ASIL decomposition has been performed at an earlier stage of development, in accordance with
[SO 26262-9:2018, Clause 5, the ASIL resulting from the decomposition shall be met.

If an ASIL is given in parentheses in the ISO 26262 series of standards, the corresponding sub-clause
shall be considered as a recommendation rather than a requirement for this ASIL. This has no link with
the parenthesis notation related to ASIL decomposition.

© ISO 2018 - All rights reserved
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4.5 Adaptation for motorcycles

For items or elements of motorcycles for which requirements of this document are applicable, the
requirements of this document supersede the corresponding requirements in other parts.

4.6 Adaptation for trucks, buses, trailers and semi-trailers

Content that is intended to be unique for trucks, buses, trailers and semi-trailers (T&B) is indicated
as such.

5 Gengral topics for adaptation for motorcycles

5.1 Objectives

The objective of this clause is to give an overview of the adaptation of the ISO 26262 series of standards
for motorgycles.

5.2 General

In order fpr E/E systems on motorcycles to comply with the ISO 26262 series of standards, all of the
requiremgnts of ISO 26262-2 through ISO 26262-9 shall be met. However, as described in 4.5, some
requiremgnts may require a degree of tailoring in order to apply to.motorcycles. In such cases, these
tailored r¢quirements supersede the corresponding requirements 6f the [SO 26262 series of standar|ds.

The specific requirements for motorcycles described in this. document correspond to requirementg of
ISO 26264-2:2018, 5.4.2, requirements in I1SO 26262-2:2018;76.4.9, requirements in ISO 26262-3:20[18,
Clause 6, [[SO 26262-3:2018, Annex B, requirements in\ISO 26262-4:2018, 7.4.4, and requiremen{ in
[SO 26262-4:2018, Clause 8.

NOTE The following definitions and abbreviations are specific for motorcycles and are used in this
document.[These are described in ISO 26262-1:

— experfrider;

— motortycle;

— Motorgycle Safety Integrity Levél (MSIL); and
— Contrgllability Classification-Panel (CCP).

Annex A provides the averview of and work flow for motorcycles to implement ISO 26262-2:20[18,
SO 26262-3:2018 and 150 26262-4:2018.

Annex B gjives a general explanation of the hazard analysis and risk assessment.

Annex C grovides examples of controllability evaluation techniques considering motorcycle dynaniics
in the context of conventional product development.

Figure 2 shows the relation of this document and the other parts of ISO 26262.

4 © ISO 2018 - All rights reserved
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2. Manag of
functional safety 2-5 Overall safety management [5.4.4 Competence management |
EE2E6) Satyeure ] [545 Quality management system |
5.4.3 Management of safety anomalies regarding : 5.4.6 Project-independent tailoring of the
functional safety i safety lifecycle
12. Adaptati f1S0 26262
2-6 Project dependent safety management for mo:grzyglzsn
[6.4.2 Roles and responsibilities in safety management | (648 Safety case |
(643 Tmpact anay it em Feve | R e
TSt - - | [12-1 Scope |
[6-44 Reuse of existing element ] [6.4.10 Confirmation reviews ] i
[6:4.5 Tailoring of the safety activities | [6:4.11 Functional safety audit | I [12-2 Normative references |
6.4.6 lannmg and coordination of the safety activities | [6.4.12 Functional safety 1ent | | | 12-3 Terms and definitions |
: Y - £l l‘»}lt JI : : .AI1'7n| £ 4 : I
: 12-4 Reql% ents for
| 2-7 Safety management regarding production, operation, service and decommissioning | I compliz,\c
N
__________________________________ | A
| 12-5 General fopics for
. Concept phase | 4. Product development at the system level 7.Production, | I ()adaptation foy
operation, service and | | N otorcycles
5 Item definition decommissioning N
neral topics for the 4-7 System and item integ 7-5 Planning for
t development N X .
and testing pruductmn, operation
stem level .
service and
Al safety decommissioning q

7.4.2 Hardwar
integration a

f
7

7.4.1 Specifi

|: Annex A integratio! rategy {

- 5. Product devel the 6. Pro pment at tl

|
|
|
|
7.4. i
7 Functional I test?nsgys':em integ]
9 afety concept |
|
|
|

" \ )
hardware' e level \ I
5-5 General topics uct 6-5 ics for the ct |
development at the level dev at the software level | | Annex A |
5-6 Specification of ha 6:6 S| tion are |
safety requirements ety iremen! | —
5-7 Hardware design oftware itectural design
|5-8 Evaluation of the hardw: ft ‘%‘Iﬂit design and | Annex C |
architectural metrics
5-9 Evaluation of the safety go: oftware unit verification |
violations due to random Software integration and
hardware failures | rification
5-10 Hardware integration and 6-11 Testing of the embedded
verification (. software

Figure 2 — O&;@ﬁw of this document and the relation to the other parts
6 | Safety cultul{g\%

6.1 Ob]'e%Qg‘

To prov@ tailoring of ISO 26262-2:2018, 5.4.2 for motorcycles.

6 y nnlnvnmnhl‘c 21N
. TO—or

T OIT T CIr

ndrecommendations
afrecomrmendatons

6.2.1 The organization shall create, foster, and sustain a safety culture that supports and encourages
the effective achievement of functional safety for motorcycles.

NOTE ISO 26262-2:2018, Annex B provides more details of what can constitute a safety culture.

6.2.2 The organization shall institute, execute and maintain organization-specific rules and processes
to achieve and maintain functional safety and to comply with the requirements of the ISO 26262 series of
standards.

NOTE Such organization-specific rules and processes can include the creation and maintenance of generic
plans (e.g. a generic safety plan) or generic process descriptions.

© IS0 2018 - All rights reserved 5
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6.2.3 The organization shall institute and maintain effective communication channels between
functional safety, cybersecurity, and other potentially interacting disciplines that are related to the
achievement of functional safety, if applicable.

EXAMPLE1 Communication channels between functional safety and cybersecurity in order to exchange
relevant information (e.g. in the case it is identified that a cybersecurity issue might violate a safety goal or a
safety requirement, or in the case a cybersecurity requirement might compete with a safety requirement).

EXAMPLE 2  Communication channels between functional safety and quality.

NOTE Guidance on potential interaction of functional safety with cybersecurity is given in ISO 26262-2:2018,
Annex E.

6.2.4 Dyring the execution of the safety lifecycle, the organization shall perform the required safety
activities, fincluding the creation and management of the associated documentation in accefdance with
SO 26262-8:2018, Clause 10.

6.2.5 THe organization shall provide the resources required for the achievement ¢ffunctional safety.

NOTE Resources include human resources, tools, databases, guidelines and work.instructions.

6.2.6 THe organization shall institute, execute and maintain a contifittous improvement procgss,
based on:

— learning from the experiences gained during the execution.of-the safety lifecycle of other itens,
including field experience; and

— derivé¢d improvements for application on subsequent items.

6.2.7 THe organization shall ensure that the persons responsible for achieving or maintainjng
functional| safety, or for performing or supporting-the safety activities, are given sufficient authority to
fulfil their{responsibilities.

7 Confjrmation measures

7.1 Objective

The objective of this clausedis-to define the independency requirements of confirmation measufes
associateq with ASIL.

7.2 Requirements-and recommendations

7.2.1 THe functional safety of the item and its elements shall be confirmed, based on:

a) confilmation reviewsto jndgp whether the kpy waork prndn(‘fe ie thoseincludedin Tabhle 1 prm/'de
sufficient and convincing evidence of their contribution to the achievement of functional safety,
considering the corresponding objectives and requirements of the ISO 26262 series of standards, in
accordance with Table 1 and ISO 26262-2:2018, 6.4.10;

NOTE1 For motorcycles, Table 1 of this document replaces ISO 26262-2:2018, Table 1.

NOTE 2  The confirmation reviews are performed for those work products that are specified in Table 1
and required by the safety plan.

b) a functional safety audit to judge the implementation of the processes required for functional
safety, in accordance with Table 1 and ISO 26262-2:2018, 6.4.11; and

6 © ISO 2018 - All rights reserved
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NOTE 3  The reference processes required for functional safety are defined in the ISO 26262 series of
standards. The processes pertaining to an item or element are defined through the activities referenced or
specified in the safety plan.

c) a functional safety assessment to judge the achieved functional safety of the item, or the
contribution to the achievement of functional safety by the developed elements, in accordance with
Table 1 and ISO 26262-2:2018, 6.4.12.

NOTE4  The aim of the independence defined in Table 1 is to ensure an objective, unbiased viewpoint and
to avoid conflict of interest. The use of the term independence in this document relates to organizational
independence.

NOTES5  Guidance for the confirmation measure is given in ISO 26262-2:2018, Annex C.

NOTE 6  Areport that is a result of a confirmation measure includes the name and revisien nupnber of the
work products or process documents analysed (see ISO 26262-8:2018, Clause 10).

NOTE 7  If the item changes subsequent to the completion of confirmation méasures, then the pertinent
confirmation measures will be repeated or supplemented (see ISO 26262-8:2018,8.4.5.2).

NOTE8 Confirmation measures such as confirmation reviews and functional safety audits can|be merged
and combined with the functional safety assessment to support the handling’of comparable variant$ of an item.
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Table 1 — Required confirmation measures, including the required level of independence

Level of
independence?
Confirmation measures applies to Scope
ASIL | ASIL | ASIL
M 1"A | B |

Judgement of whether the impact
analysis in accordance with ISO 26262-
2:2018, 6.4.3 correctly identified the
it Lai it £
Herras-beiganew-Hemra-modifiea

Confirmatjon review of the impact analysis tion of an existing item or an existing

atitem levgl (see ISO 26262-2:2018, 6.5.1) 3 3 3 3 item with a modified environment.

Independgnce with regard to those creating Judgement of whether the inipdct

the work groduct analysis in accordance with"1SO 26262-
2:2018, 6.4.3 adequate€ly identified
the implications onAftinctional safety
caused by the modification(s); and the
safety activitjes t@ be performed.
Judgement@fwhether the selection df
the operational situations pertinent fo
the hazardous events and the defi-
nitions of the hazardous events are
appropriate.

Confirmatjon review of the hazard analysis Judgement of whether the determineld

and risk agsessment (see Clause 8 i “OM”

( ) 13 13 13 13 ASI.Ls, qufal}llty.mangfgem}elnt (“QM")

Independgnce with regard to those creating ratings of the identified hazardous

the work froduct events for the item and the parametqrs
resulting in no ASIL e.g. C0/SO/EQ arp
correct.
Judgement of whether the specified
safety goals cover the identified haz-|
ardous events.

Confirmatjon review of the safety plan (see

1SO 26262}2:2018, 6.5.3)

Independgnce with regard to those créating

the work groduct

NOTE 1 A fonfirmation review of the safety

plan includles a review ofithé impact anal-

yses at element level performed due to the

reuse of eYisting eléments (see ISO 26262-

2:2018, 6.5.2).
Applies to the highest ASIL among thle

— 11 11 12 .
. o safety requirements

NOTE 2 Thesafety ptam inctudes the proven

in use arguments (analysis, data and credit)

of the proven in use candidates and the

corresponding tailoring, if applicable (see

IS0 26262-2:2018, 6.4.6 and SO 26262-

8:2018, Clause 14).

NOTE 3 The safety plan includes tailoring

due to the use of software tools, if applicable

(see ISO 26262-2:2018, 6.4.6 and 1SO 26262-

8:2018, Clause 11).
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Table 1 (continued)
Level of
independencea
Confirmation measures applies to Scope
ASIL | ASIL | ASIL
M|"A B |

Confirmation review of the Functional Safety
Concept (see ISO 26262-3:2018, Clause 7),
supported by the results of the correspond-
anhlyses (see ISO 26262-9:2018, Clause 8and| — | I1 1 12 safety goals of the item
ISP 26262-9:2018, Clause 7, respectively)
Inglependence with regard to those creating
the work product
Copfirmation review of the Technical Safety Applies to the highest ASIL apnong the
Concept (see [SO 26262-4:2018, Clause 6), functional §afety requiremer]ts from
supported by the results of the correspond- which theteéchnical safety require-
ing safety analyses and dependent failure ments-are derived.
anplyses (see ISO 26262-9:2018, Clause 8 and | — 11 1 12 If-ASIL, decomposition has been applied
ISP 26262-9:2018, Clause 7, respectively) fo the functional safety concpt then
Inglependence with regard to those creating the resulting ASIL from the decomposi-
theé work product tion may be considered.
Confirmation review of the integration
an(d test strategy (see [SO 26262-4:2018,
Cljuse 7) |10 1 12 Applies to the highest ASIL among the

safety requirements
Inglependence with regard to those creating
the work product
Confirmation review of the safety valida-
tign specification (see ISO 26262-4:2018,
Clquse 8) o lnl Applies to the highest ASIL ajnong the

safety requirements
Inglependence with regard to those creating
the work product
Copfirmation review of the safety ‘anal-
yses and the dependent failure analy-
se§ (see ISO 26262-9:2018, Clause 8 and Applies to the highest ASIL anong the
ISQ 26262- 9:2018, Clausé 7, respectively) — o n I safety requirements
Indlependence with regard to those creating
the work product
Coppfirmation réview of the safety case (see
159 26262-2:2018, 6.5.4) _|n 1 12 Applies to the highest ASIL among the
Inflepend@nice with regard to the authors of safety requirements
the¢ safety case
© IS0 2018 - All rights reserved 9
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Table 1 (continued)

Level of
independence?
Confirmation measures applies to Scope

ASIL | ASIL | ASIL
M A B | ¢

Functional safety audit in accordance with
IS0 26262-2:2018, 6.4.11 Applies to the highest ASIL among the

Independence with regard to the developers safety requirements
of the iten] and project management

Functiona] safety assessment in accordance

with ISO 26262-2:2018, 6.4.12 | 10 2 Applies to the highest ASIL among th|

Independdnce with regard to the developers safety requirements
of the iten] and project management

D

NOTE Figure 3 shows a simplified structure for a better understanding of independence. In\different compa
nies, the ofganizational units could be named differently.

a The indjcated levels of independence are intended to represent minimum requirements. The notations are
defined as|follows:

— —:no fequirement and no recommendation for or against regarding this canfirmation measure;

— 10: the|confirmation measure should be performed; however, if the confirmation measure is performed, if
shall be pqrformed by a different person in relation to the person(s) respgnsible for the creation of the consid
ered work|product(s);

— I1: the|confirmation measure shall be performed, by a different person in relation to the person(s) respo
sible for tHe creation of the considered work product(s);

— 12: the|confirmation measure shall be performed, by a person from a team that is different from that re-
sponsible for the creation of the considered work product(s), i.e. by a person not reporting to the same direct
superior; gnd

— I3: the|confirmation measure shall be performed, by a person from a different department or organization,
i.e. not reporting to the same department leader-tesponsible for the release of the work product(s).

10 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=8c592a6790adf650d228bbf6f7176cc1

IS0 26262-12:2018(E)

I3: = different department

@

7.2
by,

7.2

I 1
highest Department X Department Y
release
authority
Team 1 Team 2 Team A Team B

Work Product (WP)
[tem Development

Confirmation Review{CR)
Functional Safety
Management (ESM)

12: = different team

P1 or P2 = work product / item develepment
P3 or P4 = confirmation review

I1: = different person

P1 = work product / item development
P2 = confirmation réview

Figure3 — Independence levels for confirmation reviews

.2 The perséns who carry out a confirmation measure shall have access to, and shall be
the persons_ dnd organizational entities that carry out safety activities during the item deve|

.3 The persons who carry out a confirmation measure shall have access to the relevant in

ar111 tools.

supported
lopment.

formation

8 Hazard analysis and risk assessment

8.1 Objectives

The objectives of this clause are:

a) to specify the necessary requirements that need to be complied with in order to perform a
motorcycle specific hazard analysis and risk assessment;

b) to identify and classify the hazardous events caused by malfunctioning behaviour of the item; and

© ISO 2018 - All rights reserved

11


https://standardsiso.com/api/?name=8c592a6790adf650d228bbf6f7176cc1

IS0 26262-12:2018(E)

c) to formulate the safety goals with their corresponding ASILs, mapped from MSILs, related to the
prevention or mitigation of the hazardous events, in order to avoid unreasonable risk.

8.2 General

Due to the fact that the dynamic behaviour of motorcycles differs greatly from that of other vehicles
within the scope of the ISO 26262 series of standards, and that controllability of motorcycle specific
hazardous events could place more emphasis on the rider, it is recognised that the method of performing
risk assessment requires a degree of tailoring to best suit motorcycle specific hazardous events.

Hazard anmatysis; Tiskassessmentand MStEdetermmimation are used to determnine the safety goatstorthe
item. For this, the item is evaluated with regard to its potential hazardous events. Safety goals and tHeir
assigned MSIL are determined by a systematic evaluation of hazardous events. The MSIL is detebmined
by consid¢ring severity, probability of exposure and controllability. It is based on the item/s functiorLal
behaviour]; therefore, the detailed design of the item does not need to be known.
NOTE Product development processes and technical solutions within the motorcycle industry differ
from thos¢ of the automobile industry. The worldwide established level of technology (“state-of-the-aft”)
in the moforcycle industry suggests that ASIL classification is inappropriate for_ motorcycles. Therefpre
MSIL class}fication as the output of the HARA is used. An alignment between MSIL.and ASIL classification is

established to use requirements as defined in other parts of ISO 26262 and accommodate worldwide capability
of the motdrcycle industry.

8.3 Inppt to this clause

8.3.1 Prerequisites
The following information shall be available:

— item definition in accordance with ISO 26262-3:2018, 5.5.1.

8.3.2 Fyrther supporting information
The following information can be considered:

— relevdnt information on other items (from an external source).

8.4 Requirements and recommendations

8.4.1 Iditiation of the-hazard analysis and risk assessment

8.4.1.1 The hazard\analysis and risk assessment shall be based on the item definition.

8.4.1.2 Thefitem without internal safety mechanisms shall be evaluated during the hazard analysis
and risk gsséssment, i.e. safety mechanisms intended to be implemented or that have already b¢en
implemented in predecessor items shall not be considered in the hazard analysis and risk assessment.

NOTE1 In the evaluation of an item, available and sufficiently independent external measures can be
beneficial.

NOTE 2  Safety mechanisms of the item that are intended to be implemented or that have already been
implemented are incorporated as part of the functional safety concept.

8.4.2 Situation analysis and hazard identification

8.4.2.1 The operational situations and operating modes in which an item's malfunctioning behaviour
will result in a hazardous event shall be described; both when the vehicle is correctly used and when it is
incorrectly used in a reasonably foreseeable way.

12 © ISO 2018 - All rights reserved
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NOTE1 Operational situations describe conditions within which the item is assumed to behave in a safe manner.

NOTE 2  Hazards resulting only from the item behaviour, in the absence of any item failure, are outside the
scope of this document.

EXAMPLE1 A normal motorcycle is not expected to travel on unimproved or unpaved surfaces at high speed.

EXAMPLE 2 A normal motorcycle is not expected to be used for road race, motocross or trial events.

8.4.2.2 The hazards shall be determined systematically based on the possible malfunctioning
behaviour of the item.

NO[TE FMEA approaches and HAZOP are suitable to support hazard identification at the item-lpvel. These
car] be supported by brainstorming, checklists, quality history, and field studies.

8.4.2.3 Hazards caused by malfunctioning behaviour of the item shall be defined at-the vehigle level.

NO[TE1 In general, each hazard will have a variety of potential causes related.to the item's implgmentation
buf they do not need to be considered in the hazard analysis and risk assessnient for the analysis of the
malfunctioning behaviour.

NO[TE 2  Only hazards associated with malfunctioning behaviour of. the”item are considered; gvery other
sydtem (external measure) is presumed to be functioning correctly provided it is sufficiently indepenfent.

8.4.2.4 If there are hazards identified in this clause that{@re outside of the scope of ISO 246262 (see
Clduse 1), then these hazards shall be addressed accordingto organization specific procedureg.

NO[TE As these hazards are outside the scope of ISO 26262, this document does not provide guidarfce for MSIL
detfermination and ASIL compliance of these hazards. Sugh hazards are classified according to the pr¢cedures of
the applicable safety discipline.

8.4.2.5 Relevant hazardous events shall be determined.

8.4.2.6 The consequences of hazardous events shall be identified.

NO[TE If malfunctioning behdviour induces the loss of several functions of the item, then the situation
anglysis and hazard identificationConsiders the combined effects.

EXAMPLE Failure of the vehicle's electrical power supply system can lead to a simultaneous loss ¢f a number
of flunctions including “engine torque” and “forward illumination”.

8.4.2.7 It shallhe ensured that the chosen level of detail of the list of operational situations does not
lead to an inapptopriate lowering of the MSIL.

NO[TE AsvVery detailed list of operational situations (see 8.4.2.1) for one hazard, with regprd to the
veljiclesstate, road conditions and environmental conditions, can lead to a fine granularity of sitpations for
the classification of hazardous events. This can make it easier to rate controllability and severity. [However, a
lar;ar numhnr of difﬁaronf npnraﬁnna] situationscan ]nad toa rnncaqunnfia] rndur‘finn ofthe rncpnn ive Classes
of exposure, and thus to an inappropriate lowering of the MSIL. This can be avoided by aggregating similar
situations.

8.4.3 Classification of hazardous events

8.4.3.1 All hazardous events identified in 8.4.2 shall be classified, except those that are outside the
scope of SO 26262.

NOTE If classification of a given hazard with respect to severity (S), probability of exposure (E) or

controllability (C) is difficult to make, it is classified conservatively, i.e. whenever there is a reasonable doubt, a
higher S, E or C classification is chosen.
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8.4.3.2 The severity of potential harm shall be estimated based on a defined rationale for each
hazardous event. The severity shall be assigned to one of the severity classes S0, S1, S2 or S3 in accordance
with Table2.

NOTE1 The risk assessment of hazardous events focuses on the harm to each person potentially at risk —
including the rider or the passengers of the vehicle causing the hazardous event, and other persons potentially at
risk such as cyclists, pedestrians or occupants of other vehicles. The description of the Abbreviated Injury Scale
(AIS) can be used for characterising the severity and can be found in Annex B, along with informative examples
of different types of severity and accidents. Where available, motorcycle appropriate accident databases can be
used to provide a basis for determining severity levels.

NOTE 2 he severity class can be based on a combination of injuries, resulting in a higher classification of|the
severity thhn from considering a single injury.

NOTE 3 [The estimate considers reasonable sequences of events for the operational situation being evaluatgd.
NOTE 4 [The severity classification is based on a representative sample of persons at risk.

NOTES5 [Standard protective equipment (e.g. helmet, protective jacket, gloves and boots),as prescribed in [the
vehicle usef manual is assumed to be in use.

Table 2 — Classes of severity

Class
SO S1 S2 S3

Light and moderate | Severe and life-thteatening | Life-threatening injuries (syir-

Description | Noinjuries injuries injuries (survivalbprobable) | vival uncertain), fatal injuries

8.4.3.3 There are operational situations that result, in harm (e.g. an accident). A subsequpnt
malfunctigning behaviour of the item in such an operatipinal situation can increase, or fail to decrease, the
resulting harm. In this case the classification of the severity may be limited to the difference between the
severity cqused by the initial operational situation-{e.g. the accident) and the malfunctioning behavigpur
of the iten].

EXAMPLE For an automotive applicationy;the item under consideration includes an airbag functionality to
reduce crash violence. For an accident in which the airbag fails to deploy, the crash violence could be assumed to
correspond to a severity class of S3. Ifascorrectly operating airbag would have reduced the crash violence fo a
level corregponding to a severity class of S2, the difference would be one severity class. Hence the severity class
for the failgire to deploy the airbag-in this situation can be set to S1.

8.4.3.4 The severity class'S0 may be assigned if the hazard analysis and risk assessment determifes
that the cdnsequences ef\@’malfunctioning behaviour of the item are clearly limited to material damdge.
If a hazardous event is,assigned severity class SO, no MSIL assignment is required.

8.4.3.5 The probability of exposure of each operational situation shall be estimated based on a defiged

rationale foreach hazardous event. The probability of exposure shall be assigned to one of the probability
classes, EQ,E1, E2 _E3 or E4 in accordance with Table 3

NOTE1 For classes E1 to E4, the difference in probability from one E class to the next is an order of magnitude.

NOTE 2 The exposure determination is based on a representative sample of operational situations for the
target markets.

NOTE 3  For further information and examples related to the probability of exposure see Annex B.
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Table 3 — Classes of probability of exposure regarding operational situations

Class
EO E1l E2 E3 E4
o . Very low Low Medium High
Description Incredible probability probability probability probability

8.4.3.6 The number of vehicles equipped with the item shall not be considered when estimating the
probability of exposure.

NO[TE The evaluation of the probability of exposure is performed assuming each vehicle is equiipped with
item. This means that the argument “the probability of exposure can be reduced, because the fitem is not
prgsent in every vehicle (as only some vehicles are equipped with the item)” is not valid.

8.4.3.7 C(lass E0 may be used for those operational situations that are suggested-during hazard analysis
andl risk assessment, but that are considered incredible and therefore not exploréd further. A rationale
shqll be recorded for the exclusion of these situations. If a hazardous event is;assigned exposuife class EO,
no [MSIL assignment is required.

EXAMPLE EO can be used in the case of “force majeure” risk (see B.3).

8.4.3.8 The controllability of each hazardous event, by the<rider or other persons involyed in the
operational situation, shall be estimated based on a defined\rationale for each hazardous ¢vent. The
conmtrollability shall be assigned to one of the controllability ‘€lasses CO, C1, C2 or C3 in accordance with

The evaluation of the controllability is an e$timate of the probability that someone is able to gain
sufficient control of the hazardous event, such that théy are able to avoid the specific harm. For this pprpose, the
pajjameter C is used, with the classes C0, C1, C2 and@3, to classify the potential of avoiding harm. Som¢ examples,
ch serve as an interpretation of these classes, are listed in Table B.4. Estimates can be made ysing either
experimental or analytical procedures.

NO[FE2  For motorcycles, It is assumed-that the rider is in an appropriate condition to ride (e[g. they are
nof tired), has the appropriate riding) training (they have a rider's licence), understands the ¢perational
chdracteristics of the motorcycle in use and is complying with the applicable legal regulations, includipg due care
requirements to avoid risks to other'traffic participants.

NO[TE3  Where the hazardeus event is not related to the control of the vehicle direction and |speed, e.g.
pofential limb entrapment in moving parts, the controllability can be an estimate of the probabillty that the
perfson at risk is able t0-remove themselves, or to be removed by others from the hazardous situation. When
corfsidering controlability, note that the person at risk might not be familiar with the operation of fhe item or
maly not be awarethat a potentially hazardous situation evolves.

trollability
asske e assumed

dnex C.

NOTE 6  Dedicated regulations that specify a functional performance with regard to the applicable hazardous
event can be used as part of a rationale when selecting a suitable controllability class, if applicable, and supported
by evidence, e.g. real usage experience.

NOTE7 Dedicated regulation refers to requirements set by a governmental agency, which can specify

minimum performance limits that must be met by all manufacturers in order for their vehicles to be approved for
sale and use.
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Table 4 — Classes of controllability

Class
Cco Cc1 c2 C3
Description Controllable in Simply Normally Difficult to control or
P general controllable controllable uncontrollable

8.4.3.9 C(lass CO may be used for hazards addressing the unavailability of the item if they do not affect
the safe operation of the vehicle (e.g. some rider assistance systems) or if an accident can be avoided
by routine rider actions. If a hazardous event is assigned controllability class CO, no MSII, assignment is
required.

8.4.3.10 An MSIL shall be determined for each hazardous event based on the classification, ofiseverjity,
probability of exposure and controllability, in accordance with Table 5.

NOTE Four MSILs are defined: MSIL A, MSIL B, MSIL C and MSIL D, where MSIL A is the lowést safety integrity
level and MSIL D the highest one.

Table 5 — MSIL determination

. Controllability class
Severity class | Exposure class
C1 €2 C3
El QM QM QM
o E2 QM QM QM
E3 QM QM
E4 QM A
El QM QM QM
5 E2 QM QM A
E3 QM B
E4. A B C
El QM QM A
53 E2 QM A B
E3 A B C
E4 B C D

8.4.3.11 The MSIL shallkbe-mapped to an ASIL in accordance with Table 6, prior to the definition of the
safety goals, so that théapplicable requirements of the ISO 26262 series of standards can be adopted.

NOTE1 [In addition’ to these three ASILs, the class QM (quality management) denotes no requiremeng to
comply with ISO126262. Nevertheless, the corresponding hazardous event can have consequences with regajrds
to safety apd-safety requirements can be formulated in this case. The classification QM indicates that qua[ity
processes qre-sufficient to manage the identified risk.

NOTE 2 The MSIL is mapped to ASIL so that the most appropriate degree of rigour is used in avoiding
unreasonable residual risk associated with malfunctioning E/E items or elements used in motorcycle
applications.

NOTE3 The indicated ASIL levels, determined from MSIL levels, are intended to represent minimum
requirements.
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Table 6 — Mapping of MSIL to ASIL

MSIL ASIL
QM QM
A QM
B A
C B
D C

:2018(E)

8.4.4 Determination of safety goals

8.4.4.1 A safety goal shall be determined for each hazardous event with an ASIL, mapped f
evdluated in the hazard analysis and risk assessment. If similar safety goals are determined, th¢
combined into one safety goal.

NO[T'E Safety goals are top-level safety requirements for the item. They lead to the functi
requirements needed to avoid an unreasonable risk for each hazardous event. Safety goals are not e;
terms of technological solutions, but in terms of functional objectives.

8.4.4.2 The ASIL, mapped from MSIL, determined for the hazardous event shall be assig
cofresponding safety goal. If similar safety goals are combinéd into a single one, in accord
8.41.4.1, the highest ASIL shall be assigned to the combined safety goal.

rom MSIL,
bse may be

nal safety
kpressed in

hed to the
ance with

8.4.4.3 Thesafety goalstogether with their ASIL shall be'specified in accordance with ISO 2626$2-8:2018,

use 6.

NO[TE The safety goal can specify the fault tolerant time interval or physical characteristics (e.g.
levgl of unwanted acceleration) if they were relevantto the MSIL determination.

8.4.4.4 Assumptions used for, or resulting from the hazard analysis and risk assessment
relpvant for ASIL determination (if applicable, including hazardous events classified QM or wif
asdigned) shall be identified. These‘assumptions shall be validated in accordance with Clause
intpgrated item.

NO[TE Assumptions, if ahy, that are considered during the HARA include assumed actions of t
perjsons at risk and assumptions regarding external measures.

8.4.5 Verification

8.4.5.1 The \hazard analysis and risk assessment including the safety goals shall be
acqordancewith ISO 26262-8:2018, Clause 9, to provide evidence for the:

a) | appropriate selection with regard to operational situations and hazard identification;

maximum

which are
h no MSIL
10 for the

he rider or

rerified in

b) compliance with the item definition;
c) consistency with related hazard analyses and risk assessments of other items;

d) completeness of the coverage of the hazardous events;

e) consistency of the safety goals with the assigned ASILs mapped from MSILs and the corresponding

hazardous events; and

f) consistency of MSIL-ASIL mapping.
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8.5 Work products

8.5.1 Hazard analysis and risk assessment report resulting from requirements in 8.4.1 to 8.4.4.

8.5.2 Verification report of the hazard analysis and risk assessment resulting from requirements

in 8.4.5.

9 Vehicle integration and testing

9.1 Objlective

This claus|

The vehic
vehicle its

e provides a tailoring of ISO 26262-4:2018, 7.4.4 for motorcycles.

e integration is the integration of the item with other systems within a vehiele and with
elf.

9.2 Requirements and recommendations

9.2.1 Ve¢hicle integration

9.2.1.1

NOTE

The item shall be integrated into the vehicle and the vehiclg-integration tests shall be carried ¢

When planning the vehicle level integration and verification, the correct vehicle behaviour un

typical and extreme vehicle conditions and environments can beeonsidered, but with a subset being suffici
(see ISO 26262-4:2018, Table 3).

9.2.1.2

The verification of the interface specification’of the item with the in-vehicle communicat

network ajnd the in-vehicle power supply network shall be performed.

9.2.2 Té¢stgoals and test methods duringvehicle testing

9.2.2.1
applicatio

NOTE 1

NOTE 2
could be fe

NOTE 3
test activit

18

Test goals resulting from the requirements 9.2.2.2 to 9.2.2.5 shall be addressed by

h of adequate test methods as listed in the corresponding tables.
These will support the{detection of systematic faults during vehicle integration.

Depending on theG@mplemented functionality, its complexity or the distributed nature of the systen
hsible to perforfn tests in other integration subphases provided adequate rationale is given.

[f concerns,@ver rider safety exist, it can be appropriate to select alternative test methods or m
es to othersub-phases.

the

ut.

der
ent

on

the

pve
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9.2.2.2 The correct implementation of the functional safety requirements at the vehicle level shall be
demonstrated where feasible using test methods listed in Table 7.

Table 7 — Correct implementation of the functional safety requirements at the vehicle level

ASIL
Methods

A B C
la |Requirement-based testa ++ ++ ++
1b |Fault injection testb 4+ 4+ +
1c[ [Long-term testc o s 4+
1d| |User test under real-life conditionsc.d ++ 4 ++
a A requirements-based test denotes a test against functional and non-functional requirements.
b A fault injection test uses special means to introduce faults into the item. This can be done Within the¢ item via a

spe¢cial test interface or specially prepared elements or communication devices. The method i§often used to improve the
teqt coverage of the safety requirements, because during normal operation safety mechanismsare not invoked

c Along-term test and a user test under real-life conditions are similar to tests deriyved.from field experienfe but use a
larger sample size, normal users as testers, and are not bound to prior specified test.scenarios, but performedfunder real-
lif¢ conditions during everyday life. These tests can have limitations if necessary,to.ehsure the safety of the [testers, e.g.
with additional safety measures or disabled actuators. Long-term tests can be infeasible for motorcycles.

d | User tests can be infeasible for motorcycles.

9.4.2.3 This requirement applies to ASIL (A), (B), and C. The Correct functional performanceg, accuracy
angl timing of the safety mechanisms at the vehicle level shall be demonstrated using test methods listed
in Table 8.

Table 8 — Correct functional performance, accuracy and timing of safety mechanisnis at the
véhicle level

ASIL
Methods

A B C
1a| |Performance testa + + 4
1b| |Long-term testb + + +
1c| |User test under real-life cdnditionsb.c + + ++
1d[ |Fault injection testd 0 + +
le| |[Error guessing teste o + ++
1f| | Test derived framifield experiencef 0 + ++
a A performance test can verify the performance (e.g. fault tolerant time intervals on vehicle level pnd vehicle
comtrollability ifthe presence of faults) of the safety mechanisms concerning the item.
b Along:tetm test and a user test under real-life conditions are similar to tests derived from field experienke but use a

larjger saimple size, normal users as testers, and are not bound to prior specified test scenarios, but performed|under real-
lifg cohditions during everyday life. These tests can have limitations if necessary to ensure the safety of the [testers, e.g.
with-ddditional safety measures or disabled actuators. Long-term tests can be infeasible for motorcycles.

¢ User tests can be infeasible for motorcycles.

d A faultinjection test uses special means to introduce faults into the item. This can be done within the item via a special
test interface or specially prepared elements or communication devices. The method is often used to improve the test
coverage of the safety requirements, because during normal operation safety mechanisms are not invoked.

e An error guessing test uses expert knowledge and data collected through lessons learned to anticipate errors in the
system. Then a set of tests along with adequate test facilities is designed to check for these errors. Error guessing is an
effective method given a tester who has previous experience with similar systems.

f A test derived from field experience and data gathered from the field.

9.2.2.4 This requirement applies to ASIL (A), (B), and C. The consistency and correctness of the
implementation of the interfaces internal and external to the vehicle shall be demonstrated using test
methods listed in Table 9.
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NOTE Internal interfaces are between items/systems. External interfaces are between an item and the
vehicle environment.

Table 9 — Correct implementation of internal and external interfaces at the vehicle level

ASIL
Methods

A B C
la |Test of internal interfacesa + + ++
1b | Test of external interfacesa + + ++
1c |Test of fteractiom/commmurTcation® T T T
a An ipterface test at the vehicle level tests the interfaces of the vehicle systems for compatibility. This can be ‘dqne
statically by validating value ranges, ratings or geometries as well as dynamically during operation of the whole-vehicle
b A communication and interaction test includes tests of the communication between the systems of the ¥ehicle dur|ng
runtime agqinst functional and non-functional requirements.

9.2.2.5 This requirement applies to ASIL (A), (B), and C. The level of robustness-at the vehicle lgvel
shall be d¢monstrated using test methods listed in Table 10.

Table 10 — Level of robustness at the vehicle level

ASIL
Methods

A B C
1la |Resoufce usage testa + + T+
1b |Stress|testb + + 4+
1c |Test fdr interference resistance and robustness under certain environ- N . o

mentall conditions¢

1d |Long-ferm testd + + 4+
a At th¢ vehicle level, resource usage testing is usuallyxperformed in dynamic environments (e.g. electronic control unit

network enfironments, prototypes or whole vehicles). Issues to test include item internal resources, power consumptior] or
limited resgurces of other vehicle systems.

b A stfess test verifies the correct operation-ef the vehicle under high operational loads or high demands from the
environment. Therefore tests under high loads on the vehicle or with extreme user inputs or requests from other systems
as well as t¢sts with extreme temperatures,humidity or mechanical shocks can be applied.

c A tesf for interference resistanceland robustness, under certain environmental conditions, is a special case of strgss
testing. Thils includes EMC and ESD tests (e.g. see References [4] and [5]).

d Alonjg-term test and a usertést under real-life conditions are similar to tests derived from field experience but ude a
larger sample size, normal useFs~as testers, and are not bound to prior specified test scenarios, but performed under rgal-
life conditigns during everyday/life. Long-term tests can be infeasible for motorcycles.

10 Safety validation

10.1 Objective

This clause provides a tailoring of ISO 26262-4:2018, Clause 8 for motorcycles.
The objectives of this clause are:

a) to provide evidence that the safety goals are achieved by the item when being integrated into the
respective vehicle(s); and

b) to provide evidence that the functional safety concept and the technical safety concept are
appropriate for achieving functional safety for the item.
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10.2 General

The purpose of the preceding verification activities (e.g. design verification, safety analyses, hardware,
software, and item integration and test) is to provide evidence that the results of each particular
activity comply with the specified requirements.

The safety validation of the integrated item in representative vehicle(s) aims to provide evidence of
appropriateness for the intended use and aims to confirm the adequacy of the safety measures for a
class or set of vehicles. Safety validation provides assurance that the safety goals have been achieved,
based on examination and test.

10.3 Inputs to this clause

10{3.1 Prerequisites
The following information shall be available:

— | hazard analysis and risk assessment report in accordance with 8.5.1; and

— | functional safety concept in accordance with ISO 26262-3:2018, 7.5:%.

10}3.2 Further supporting information

The following information can be considered:

— | technical safety concept (see ISO 26262-4:2018, 6.5:2);
— | item definition (see ISO 26262-3:2018, 5.5.1); and

— | safety analyses report (see SO 26262-4:2018, 6.5.7).

10.4 Requirements and recommendations
10}4.1 Safety validation environment

10{4.1.1 The safety goals shall be validated for the item in a representative context at vehicle |evel.

NO[TE This integrated Jitem includes, where applicable: system, software, hardware, elements of other
technologies, external tn€asures.

10}4.1.2 For the-definition of a representative context, representative vehicles based on vehicle types
andl vehicle configurations shall be considered.

NO[TE The Hazard Analysis and Risk Assessment report might be used as a source of information regarding
relevafit input for the choice of representative vehicles (see 8.5.1).

10.4.1.3 Safety goals shall be validated giving consideration to variance in operation that impacts the
technical characteristics, which have been considered in the hazard analysis and risk assessment.

10.4.2 Specification of safety validation

10.4.2.1 The safety validation specification shall be defined, including:

a) the configuration of the item subjected to safety validation including its calibration data in
accordance with ISO 26262-6:2018, Annex C;

NOTE If a complete safety validation of each item configuration is not feasible, then a reasonable subset
can be selected.
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b) the specification of safety validation procedures, test cases, riding manoeuvres, and acceptance

criter

ia; and

c) the equipment and the required environmental conditions.

10.4.3 Execution of safety validation

10.4.3.1 If testing is used for safety validation, then the same requirements as provided for verification
testing (see ISO 26262-8:2018, 9.4.2 and 9.4.3) may be applied.

10.4.3.2
be validat
a) thecd
NOTE
forese
NOTE
state ¢
NOTE
b) the ef]
c) theef]

d) assunjptions thatinfluence the ASIL mapped from MSILj# the hazard analysis and risk assessm

(see 8

EXAMPLE

pable misuse.

2 One acceptance criterion for the safety validation might be a sufficient controllability in a 3
efined in ISO 26262-3:2018, 7.4.2.5.

B Asingle acceptance criterion might not be sufficient to verify a safe state.
fectiveness of the external measures;

fectiveness of the elements of other technologies; and

4.4.4) that can be checked only in the final vehicle.

If a mechanical component is assumed to_prevent or mitigate a specific hazard potentially cau

[he achievement of functional safety for the item when being integrated into the vehicl€ slllall
bd by evaluating the following aspects:

ntrollability;

1  Controllability can be validated using operating scenarios, including dintended use

nd

afe

ent

ed

by a malfunction of an E/E system, the effectiveness-of this component to prevent or mitigate that hazarg is

validated o

n vehicle level.

[he safety validation at the vehiéle level, based on the safety goals, the functional saf
nts and the intended use, shall be executed as planned using:

fety validation procedures’ and test cases for each safety goal including detailed pass/
a; and

ope of application:\This may include issues such as configuration, environmental conditig
situations, opérational use cases, etc.

Operational\dse cases can be created to help focus the safety validation at the vehicle level.

\n appropriate set of the following methods shall be applied:

Pty

Fail

ns,

allo tacte writh cnocifiad tect nracedures tect cacoc and nacc/fail critorig-
GHHEtEeStSWHER ecHiea+est PaSSAHaerte

10.4.3.3
requireme
a) the sg
criter
b) the sg
riding
NOTE
10.4.3.4 |
a) repea
EXAM

> TTT A Proceaarto;teo T tas oy artr 1oty

PLE 1 Positive tests of functions and safety requirements, black box testing, simulation, tests un

der

boundary conditions, fault injection, durability tests, stress tests, highly accelerated life testing (HALT),
simulation of external influences.

b) analyses;

EXAMPLE 2 FMEA, FTA, ETA, simulation.

c) long-t

NOTE

erm tests, such as vehicle driving schedules and captured test fleets;

1 Long-term tests with targeted users can be infeasible for motorcycles.

d) user tests under real-life conditions, panel or blind tests, expert panels; and
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NOTE 2  User test can be infeasible for motorcycles. Real-life condition can be conducted using simulated
condition.

e) reviews.
10.4.4 Evaluation

10.4.4.1 The results of the safety validation shall be evaluated to provide evidence that the implemented
safety goals achieve functional safety for the item.

10.5 Work products

10}5.1 Safety validation specification including safety validation environment dé¢scription
redqulting from requirements in 10.4.1 and 10.4.2.

10}5.2 Safety validation report resulting from requirements in 10.4.3 and 10.4.4.
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Annex A

(informative)

Overview of and workflow of adaptation of the ISO 26262 series of
standards for motorcycles

A1l GelLeral

This annex provides the overview of and work flow for motorcycles to implement ISO 26262-2:20

[SO 26262-3:2018 and 1SO 26262-4:2018.

A.2 Overview of and workflow of management of functional safety

Table A.1|provides an overview of objectives, prerequisites and work products of management
safety for motorcycles.

functiona

Table A.1 — Overview of Functional safety management

of

Clapse

Objectives

Prerequisites

Work products

Clause 5
Overall safety
management

1SO 26262{2:2018,

In this doqument

Clause 6
Safety culfure

The intent of this clause is to ensure the
organizations involved in the execution
of the safety lifecycle, i.e. those that are
responsible for the safety lifecycle or are
performing safety activities in the safety
lifecycle, achieve the following ebjectives:

a)

b)

d)

to institute and maintajn‘a

safety culture that supports

and encourages the‘effective
achievement of functional safety and
promotes effective communication
with other"disciplines related to
functiomal safety;

tonstitute and maintain adequate
organization-specific rules and
processes for functional safety;

to institute and maintain processes
to ensure an adequate resolution of
identified safety anomalies;

to institute and maintain a

None

1SO 26262-2:2018, 5.5
Organization-specific
rules and processes fg
functional safety

1SO 26262-2:2018, 5.5
Evidence of competen
management

1SO 26262-2:2018, 5.5
Evidence of a quality
management system

ISO 26262-2:2018, 5.5

Identified safety anonja-

ly reports, if applicabl

=

Ce

4

1

competence management system to
ensure that the competence of the
involved persons is commensurate
with their responsibilities; and

to institute and maintain a quality
management system to support
functional safety.

This clause serves as a prerequisite to
the activities in the ISO 26262 safety
lifecycle.

24
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Table A.1 (continued)

Clause Objectives Prerequisites Work products
ISO 26262-2:2018, |The intent of this clause is to ensure that |Organization-specific |ISO 26262-2:2018, 6.5.1
Clause 6 the following objectives are achieved by |rules and processes |Impactanalysis at the
Project dependent |the organizations involved in the concept |for functional safety |item level
safety management |phase or the development phases at the |(see ISO 26262-
system, hardware or software level: 2:2018,5.5.1)

In this document a) to define and assign the roles and Evidence of compe- |ISO 26262-2:2018, 6.5.2

responsibilities regarding the safety

tence management

Impact analyses at ele-

M activities: (sealS0 26262 mentlevel if ppllcable
Copnfirmation ’ 5-2018 5.5.2) ’
mgasures ' T ISO 26262-2:2P18, 6.5.3

b) to perform an impact analysis

at the item level to identify
whether the item is a new item, a
modification of an existing item, or
an existing item with a modified
environment; and in the case of one
or more modifications, to analyse
the implications of the identified
modifications on functional safety;

Evidence of a quality
management system
(see ISO 26262-
2:2018,5.5.3)

Safety plan

1SO 26262-2:2P18, 6.5.4
Safety case

1S0 26262-2:2P18, 6.5.5
Confirmation jneasure
reports

[SO 26262-2:2P18, 6.5.6
Release for prpduction

c) toperform an impact analysis at report

element level in the case an existing
element is reused, to evaluate
whether the reused element is able tq
comply with the safety requirements
allocated to that element,
considering the operational centekt
in which the element is reused;

d) to define the tailored safety
activities, to provide the
corresponding ratignales for
tailoring and to réview the provided

rationales;
e) toplan thé safety activities;

f) to cdondinate and track the progress
of'the safety activities in accordance
with the safety plan;

g).~ to plan the distributed
developments (refer to
ISO 26262-8:2018, Clause 5);

h) to ensure a correct progression of

the safety activities throughout the
safety lifecycle;

i) to create a comprehensible safety
case in order to provide the
argument for the achievement of
functional safety;

j)  tojudge whether the item achieves
functional safety (i.e. the functional
safety assessment), or to judge the
contribution to the achievement
of functional safety concerning an
element (i.e. the functional safety
assessment activities performed by
a supplier) or work product (e.g. a
confirmation review); and
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Table A.1 (continued)

Clause

Objectives

Prerequisites

Work products

k)

to decide at the end of development
whether the item, or element(s),
can be released for production
based on the evidence that
supports confidence in the achieved
functional safety.

ISO 26262-2:2018,
Clause 7

The objective of this clause is to define

Organization-specific

rulac and nracaccac

ISO 26262-2:2018,

Safety mallagement
regarding[produc-
tion, operdtion,
service anfl decom-
missioning

and persons responsible for achiev-

ing and maintaining functional safety
regarding production, operation, service
and decommissioning.

for functional safety
(see ISO 26262-
2:2018,5.5.1)

Evidence of compe-
tence management
(see ISO 26262-
2:2018,5.5.2)

Evidence of a quality,
management system
(see ISO 26262-
2:2018,5.5.3)

Release for pro-
duction@eport (see
1SO 26262-2:2018,
6.5.6)

F5-+Evidence-ofsatehy
management regardiylg
production, operation
service and decpmmig
sioning

A.3 Overview of and workflow of concept phase

Table A.2
motorcycles.

provides an overview of objectives, prerequisites and work products of concept phase

Table A.2 - Overview of concept phase

for

understanding of the item so
that the activities in subsequent
phases can be performed.

Clguse Objectives Prerequisites Work products
ISO 2626213:2018, The objectives ofthis clause are: None ISO 26262-3:2018, 5.5.1
;:tl:rllllsc(;e?’inltion 3)  todeligr'and describe the item, gf)rrrrll ?Zgﬂil;le(;:llerr?tssuilrtlmg
its\fdnctionality, dependencies on,
ard interaction with, the driver, IS0 26262-3:2018, 5.4
the environment and other items
at the vehicle level; and
b) tosupportan adequate

In this document

Clause 8
Hazard analysis and
risk assessment

26

a)

b)

The objectives of this clause are:

to specify the necessary
requirements that need to be
complied with in order to perform
a motorcycle specific hazard
analysis and risk assessment;

to identify and classify the
hazardous events caused by
malfunctioning behaviour of the
item; and

Item definition
(see ISO 26262-
3:2018, 5.5.1)

8.5.1 Hazard analysis and
risk assessment report re-
sulting from requirements
8.41t08.4.4

8.5.2 Verification report
of the hazard analysis and
risk assessment resulting
from requirement 8.4.5
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Table A.2 (continued)

Clause Objectives Prerequisites Work products

c) toformulate the safety goals
with their corresponding ASILs,
mapped from MSILs, related to
the prevention or mitigation of
the hazardous events, in order to
avoid unreasonable risk.

IS0 26262-3:2018, The objectives of this clause are: Item definition ISO 26262-3:2018, 7.5.1
C:j;'l.:se 7 3] To SpeciTy the Tanctional o {seelSO26262 Eunectional-safety concept
Fulnctional safety d ded functional behavi 3:2018, 5.5.1) resulting from/s¢quire-
cofcept earacec unctona, beiaviour ments 1S0.26262-3:2018,

of the item in accordance with its |Hazard analysis
safety goals; and risk assessment| 1 10545
report (see 8.5.1) ISO 26262-3:201B, 7.5.2

b) to specify the constraints VeTification repqrt of the

regarding suitable and timely Systemarchitec- — [gm i) safety concept
detection and control of relevant tural design (from Yesulting from rg¢quire-
faults in accordance with its external source) ments in 1SO 26462-
safety goals; 3:2018, 7.4.4

c) tospecify the item level strategies
or measures to achieve the
required fault tolerance or
adequately mitigate the effects
of relevant faults by the item
itself, by the driver or by external
measures;

d) toallocate the functional safety
requirements to the systém
architectural design, or<to
external measures;.and

e) to verify the functional safety
concept and:specify the safety
validation(cpiteria.

A.I Overview of and workflow of product development of system level
Ta

le A.3 provides an overview of objectives, prerequisites and work products of product deyelopment
at §ystem level for motercycles.
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Table A.3 — Overview of and workflow of product development at the system level for
motorcycles

Clause

Objectives

Prerequisites

Work products

ISO 26262-4:2018,
Clause 5

General topics for the
product development
at the system level

The objective of this Clause is to
provide an overview of the product
development at the system level.

ISO 26262-4:2018,

The objectives of this Clause are:

Functional safety

1SO 26262-4:2018, 6.5.1

Clause 6

- A Fa¥aWia Wl Wakal
CUIILEPL, STT 15U 202L04=

Tl . 1 ot
TCUIIIIU AL SdITLy TT=

Technical pafety a) ;2sgﬁﬂcc}rfri,etnetcshrr:elg:igﬁrfgttyhe 3:2018, 7.5.1; quirements specificatipn
Concept functionality, dependencies, System architectural de- resultlpglfsrgr;é’zeg;lre-
constraints and properties sign (from an external rr?ents n )
of the system elements and source, see IS0 26262- 4:2018, 6.4 gnd 6.4.2
interfaces needed for their 3:2018, 7.3.1) IS0 26262-4:2018, 6.5]2
implementation; Requirements to the Technical safety concept
. ) . resulting from require}-

b) to specify technical safety item from other safety merits in ISO 26262-
requirements regarding the relevant items if appli- (| 0.5018 6 4.3 t0 6.4.6
safety mechanisms to be cable ' o B
implemented in the system 1SO 26262-4:2018, 6.513
elements and interfaces; System architectural de-

sign specification resullt-

c) to specify requirements ing from requirements
regarding the functional safety in ISO 26262-4:2018,
of the system and its elements 6.4.3 t0 6.4.6
during production, operation, 1SO 26262-4:2018, 6.5}
service and decommissioning;

d) to verify that the technical Hardware-software
safety requirements are interface (HSI) spec-
suitable to achieve functional ification resulting
safety at the system level from requirements in
and are consistent with'the ISO 26262-4:2018, 6.4/
functional safety requirements;

e) todevelop a system ISO 26262-4:2018, 6.5.5
architecturakdesign and a Specification of requirg-
technicalsafety concept that ments for production,
satisfy.the’safety requirements operation, service and
and-that are not in conflict decommissioning resuflt-
with-the non-safety-related ing from requirementqin
requirements; ISO 26262-4:2018, 6.4.8

f) to analyse the system 150.2.626.2-4:2018, 6.5]6
architectural design in order Verification report for
to prevent faults and to derive system architectur-
the necessary safety-related al design, the hard-
special characteristics for ware-software interfate
Pt oductionrand serviceatd [HQD ?pP(.‘lfl(‘ahnn f_h

specification of require-

g) toverify that the system ments for production,
architectural design and the operation, service and
technical safety concept are decommissioning, and
suitable to satisfy the safety the technical safe-
requirements according to ty concept resulting
their respective ASIL. from requirements in

SO 26262-4:2018, 6.4.9
1SO 26262-4:2018, 6.5.7
Safety analyses report
resulting from require-
ments in ISO 26262-
4:2018, 6.4.4
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Table A.3 (continued)

Clause

Objectives

Prerequisites

Work products

Clause 7

ISO 26262-4:2018,

The objectives of this Clause are:

Safety goals from the
hazard analysis and risk

[SO 26262-4:2018,
7.5.1 Integration and

integrated system elements
fulfil their safety requirements
according to the system
architectural design.

It it i d a) to define the integration steps " € tost strat Iti
em integration an d to int te th t assessment report (see |teststrategy resulting
testing 2lnemgn1tr; lel%l;?l t(:ehe syss}zserir?s IS0 26262-3:2018, 6.5.1) |from requirements in
in this document fully integrated; Functional safety 150 26262-4:2018, 7.4.1
Clause 9 ) ) concept (see ISO 26262- [1SO 26262-4:2018,
. . b) to verify that the defined 3:2018,7.5.1) 7.5.2 Integration and
Vehicle integration safety measures, resulting _ testreportresplting
and testing from safety gnalyses at the Technical safety con- from requir@ylents in
system architectural level, are cept (see ISO 26262- 1SO 26262-4:2018, 7.4.2,
properly implemented; and 4:2018, 6.5.2) 7 4.3 ahd 7 4.4
¢) toprovide evidence that the System architectural

design specification (see
1SO 26262-4:2018, 6.5.3)

Hardware-software
interface specification
(HSI) (see ISO\26262-
4:2018, 6.5:4;.1SO
26262-5:2018, 6.5.2 and
SO 26262-6:2018, 6.5.2)

Clause 10,

In[this document

Safety validation

This clause provides a tailoring
of ISO 26262-4:2018, Clause 8 for
motorcycles.

The objectives of this Clause are:

a)

b)

to provide evidence thatthe
safety goals are achieved by the
item when being integrated into
the respectiveyehicle(s); and

to provide€ eyidence that the
functional safety concept and
the technical safety concept
are appropriate for achieving
functional safety for the item.

Hazard analysis and
risk assessment report
(see 8.5.1);

Functional safety
concept (see ISO 26262-
3:2018,7.5.1)

10.5.1 Safety vplidation
specification ifpclud-

ing safety valiIation
environment description
resulting from|require-
ments in 10.4.1 and
10.4.2

10.5.2 Safety vplidation
report resultirlg from
requirements jn 10.4.3
and 10.4.4
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Annex B
(informative)

Hazard analysis and risk assessment for motorcycles

B.1 Gengerat

This annek gives a general explanation of the hazard analysis and risk assessment. The examples in
(severity)) B.3 (probability of exposure) and B.4 (controllability) are for information only-and are
exhaustive.

For this apalytical approach, a risk (R) can be described as a function (F), havingthree parametgq
The frequgncy of occurrence (f) of a hazardous event, the controllability (C), i.e. tHeability to avoid
specific hirm or damage through timely reactions of the persons involved, and the potential sever
(S) of the resulting harm or damage:

R=F(C,>S) (B

The frequency of occurrence f is, in turn, influenced by two faétors. One factor to consider is h

B.2

rs:
Lhe
ity

1)

ow

frequently and for how long individuals find themselves in asituation where the aforementioned

hazardoug event can occur. In ISO 26262 this is simplified tosbe a measure of the probability of
operationgl situation taking place in which the hazardousvevent can occur (exposure, E). The ot
factor is the occurrence rate of faults in the item. This is.not considered during hazard analysis and 1
assessmeit. Instead, the MSILs that result from the classification of E, S and C during hazard analy
and risk gssessment determine the minimum set of-requirements on the item in order to control
reduce th¢ probability of random hardware failures and to avoid systematic faults. The failure ratg
the item ip not considered a priori (in the riskrassessment) because an unreasonable residual risl
avoided through the implementation of the-resulting safety requirements.

The hazard analysis and risk assessment subphase comprises three steps, as described below.

a) Situatfion analysis and hazard;identification (see 8.4.2): the goal of the situation analysis 3
hazarfd identification is to jdentify the potential unintended behaviours of the item that could 4
to a Hazardous event. The situation analysis and hazard identification activity requires a cl

the
her
isk
sis

or

of
 is

nd
pad
bar

definition of the item(-ifs functionality and its boundaries. It is based on the item’s behavigur;

therefore, the detailed design of the item does not necessarily need to be known.
EXAMPLE Factors to be considered for situation analysis and hazard identification can include:

— véhicletusage scenarios, for example high speed and urban operation, parking and off-road;

— envitonmental conditions, for example road surface friction, side winds;

— reasonably foreseeable rider use and misuse; and

— interaction between operational systems.

b) Classification of hazardous events (see 8.4.3): the hazard classification scheme comprises the
determination of the severity, the probability of exposure, and the controllability associated with
the hazardous events of the item. The severity represents an estimate of the potential harm in a
particular riding situation, while the probability of exposure is determined by the corresponding
situation. The controllability rates how easy or difficult it is for the rider or other road traffic
participant to avoid the considered accident type in the considered operational situation. For each
hazard, depending on the number of related hazardous events, the classification will result in one

or more combinations of severity, probability of exposure, and controllability.
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c) MSIL determination (see 8.4.3): determining the required motorcycle safety integrity level.

B.2 Examples of severity

B.2.1 General

The potential injuries that result from a hazard are evaluated for the rider, passengers and people
around the vehicle, or in surrounding vehicles to determine the severity class for a given hazard. From
this evaluation, the corresponding severity class is then determined, for example, as shown in Table B.1.

Talple B.1 presents examples of consequences which can occur for a given hazard, and the copy
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ected values based on previous accident analyses. Therefore, no generally(valid conclusipns can be

erity class for each consequence.

en the complexity of accidents and the many possible variations of accident situdtions, the
ided in Table B.1 represent only an approximate estimate of accident effects. They

ived from these individual descriptions.

rident statistics can be used to determine the distribution of injuries(that can be expected {
ferent types of accidents.

Table B.1, AIS represents a categorisation of injury classes, but only for single injuries. Inst

er categorisations such as Maximum AIS (MAIS) and InjurySeverity Score (ISS) can be us

b use of a specific injury scale depends on the state of\medical research at the time the
SS), can vary over time (see References [1], [2] andZ]3]).

.2 Description of the AIS stages

describe the severity, the AIS classification is used. The AIS represents a classification of th

delines were created to enable ahlinternational comparison of severity. The scale is di
en classes:

AIS 0: no injuries;
AIS 1: light injuries suchk’as skin-deep wounds, muscle pains, whiplash, etc.;

AIS 2: moderateJihjuries such as deep flesh wounds, concussion with up to 15 n
unconsciousness, uncomplicated long bone fractures, uncomplicated rib fractures, etc.;

dislocations below the fourth cervical vertebra without damage to the spinal cord, mor
fractured rib without paradoxical breathing, etc.;

esponding

examples
represent

0 occur in

bad of AIS,
ed.

inalysis is

formed. Therefore, the appropriateness of the differerit injury scales, such as AlS, ISS, and New ISS

e severity

njuries and is issued by the Association for the Advancement of Automotive Medicine (AAAM). The

yided into

hinutes of

AIS 3: severe but not life-threatening injuries such as skull fractures without brain injyiry, spinal

b than one

AIS 4: severe injuries (life-threatening, survival probable) such as concussion with or wit

hout skull

fractures with up to 12 hours of unconsciousness, paradoxical breathing;

AIS 5: critical injuries (life-threatening, survival uncertain) such as spinal fractures

below the

fourth cervical vertebra with damage to the spinal cord, intestinal tears, cardiac tears, more than

12 hours of unconsciousness including intracranial bleeding;

AIS 6: extremely critical or fatal injuries such as fractures of the cervical vertebrae above the third
cervical vertebra with damage to the spinal cord, extremely critical open wounds of body cavities

(thoracic and abdominal cavities), etc.
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Table B.1 — Examples of severity classification

Class of Severity(see Table 2)

SO

S1

S2

S3

Description

No injuries

Light and moderate
injuries

Severe injuries, pos-
sibly life-threatening,
survival probable

Life-threatening
injuries (survival
uncertain) or fatal
injuries

Reference for
single injuries

AIS 0 and less than
10 % probability of

more than 10 % prob-
ability of AIS 1-6 (and

more than 10 %
probability of AIS 3-6

more than 10 % prob-
ability of AIS 5-6

Collision with road-

side infrastructure/
stationary vehicle at
walking speed.

Rear collision (pas-
senger car into rear
of motorcycle) with
differential speed
equivalent to typical
walking speed.

stationary vehicle at
typical urban vehicle
speeds.

Impact with pedestri-
an/cyclist at typical
walking speed.

Low side fall at typical
urban/main road ve-
hicle speeds with no
subsequent impact.

High side fall at typi-
cal urban road vehicle
speeds with no subse-
quent impact.

Side collision (passen-
ger carinto side of
motar¢ycle) at typical
walking speed.

Rear collision (pas-
senger car into rear
of motorcycle) with
differential speed
equivalent to typical
urban vehicle speed.

Front collision into an
oncoming passenger
car with differential
speed equivalent to
typical walking speed.

(from AlS[scale) [AIS 1-6; or damage not SZ or S3) (and not S3)

that cannot be classi-

fied safety-related
Informative Falling alone/loss of |Collision with road- |Collision with road- |Collision With road{
examples balance. side infrastructure/ |side infrastructure/ |side infrastructure

stationary vehicle
at typical main road
vehicle speeds.

Impact with pedestri}
an/cyclist at typical
urban vehicle speeds.

Low side fall at typ-
ical highway vehicle
speeds‘with no subse-
quent impact.

High side fall at typical
main road/highway
vehicle speeds with no
subsequent impact.

Side collision (passen-
ger car into side of
motorcycle) at typical
urban vehicle speed.

Rear collision (pas-
senger car into rear
of motorcycle) with
differential speed
equivalent to typical
main road vehicle
speed.

Front collision into
an oncoming passen-
ger car with differen-
tial speed equivalent
to typical urban

stationary vehicle aft
typical highway velji-
cle speeds.

Impact with pedestti-
an/cyclist at typica
main road vehicle
speeds.

Side collision (pas-
senger car into side
of motorcycle) at
typical main road
vehicle speed.

Rear collision (pas-
senger car into rear
of motorcycle) with|
differential speed
equivalent to typicd
highway vehicle
speed.

—

Front collision

into an oncoming
passenger car with
differential speed
equivalent to typichl
main road/highwa
vehicle speed.

<

vetticle speed:

B.3 Examples and explanations of the probability of exposure

An estimate of the probability of exposure requires the evaluation of the scenarios in which the relevant
environmental factors that contribute to the occurrence of the hazard are present. The scenarios to be
evaluated include a wide range of riding or operating situations.

These evaluations result in the designation of the hazard scenarios into one of five probability of
exposure classifications, given the nomenclature EO (lowest exposure level), E1, E2, E3 and E4 (highest

exposure level).
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The first of these, EO, is assigned to situations which, although identified during a hazard and risk
analysis, are considered to be unusual or incredible. Subsequent evaluation of the hazards associated
exclusively with these EO scenarios may be excluded from further analysis.

EXAMPLE Typical examples of EO include the following:

a) a very unusual, or infeasible, co-occurrence of circumstances, e.g. a vehicle involved in an incident which
includes an aeroplane landing on a highway; and

b) natural disasters, e.g. earthquake, hurricane, forest fire.

Th—\ rapmaining Bl B9 B2 andBAlavalc araaccignad for ottt cthat con hacomaabagandosc iepending

P e T O Cro- o e e v CrS o Co o ST E e O T O STttt O St Carr o e e o ez ar oS
o5 ) ) o

onfeither the duration of a situation (temporal overlap) or the frequency of occurrence of a‘sifuation.

NO[FE1 The classification can depend on, for example, geographical location or type of use‘(sge 8.43.5).

The exposure (E) to a hazard can be estimated in two ways. The first is based,on the dufation of a
sithation and the second is based on the frequency in which a situation is engountered. For example,
a Hazard can be related to the duration of a given operational situation e.g-the average time spent
negotiating traffic intersections, while another hazard can be related to| the frequency off the same
operational situation e.g. the rate of repetition with which a vehicle negotiates traffic interseftions.

In the first case where the exposure is ranked based on the duration of a situation, the propability of
exposure is typically estimated by the proportion of time spent in'the considered situation |compared
to khe total operating time, e.g. ignition on. Note that in sofme cases the total operating tilne can be
thg vehicle life-time (including ignition off). In the second«case it is more appropriate tha exposure
estfimates are determined using the frequency of occurrerce of a related riding situation. Aph example
wHere this is appropriate is where a pre-existing E/E system fault leads to the hazardous evenpt within a
shgrt interval after the situation occurs.

Examples of riding situations classified by duration and typical exposure rankings are given i Table B.2
angl examples of riding situations classified by frequency are given in Table B.3.

In [addition to these riding situations;the specific context of that operating situation ndgeds to be
comsidered. This is required in orderto-determine the actual exposure in terms of exact time and exact
locpation that leads to the hazardous.event.

A 1jiding situation can have beth duration and a frequency, such as riding in a parking lot. I} this case,
thg examples in Table B.2-and Table B.3 might not lead to the same exposure category, sq the most
appropriate exposure ranking is selected for the analysis of the considered operational situation.

If the time period inrwhich a failure remains latent is comparable to the time period before the hazardous
event can be expécted to take place, then the estimation of the probability of exposure congiders that
tinje period. Typieally this will concern devices that are expected to act on demand, e.g. airbags.

In this case,the probability of exposure is estimated by o x T where o is the rate of occurrgnce of the
ope¢rational situation and T is the time over which the failure is not perceived (possibly up to the lifetime
of the vehicle). This approximation o x T is valid when this resulting product is small.

NOTE 2  With regard to the duration of the considered failure, the hazard analysis and risk assessment does
not consider safety mechanisms that are part of the item (see 8.4.1.2).
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