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Foreword

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

There is a consensus that successful aerospace programmes/projects depend on meeting the needs and
requirements of the stakeholders/customers. When the requirements are for a complex system or for a
system that may take many years to be developed, a formal requirements management (RM) process is
mandatory and justified.

Requirements management concerns the collection, analysis, and validation of requirements with all
the communications and negotiations inherent in working with people.

This

document will help to clarify and enhance current practices to imprave programme

anagement.

It is
requ

This
requ

Requ
impd

q

q

intended to be used by space programmes when establishing, performing, (oy
rements management processes in the space sector.

document describes requirements management functions and principles and define
rements management terminology for use with any product line.

irements management is an integral element of any programme, but, in space, it is
rtant due to

pecific environmental conditions in space,

4 need for a high level of performance,

a limited number of models,

q

enco

Annd

imited access to the product during operations,
uasi-impossibility of repairing in the case offailure during flight,

ften high complexity of the organization, and

gssociated high costs.

deployment of this standardized common set of requirements management is
lirage and facilitate international space cooperation.

X A gives the general template for a requirements management plan.

evaluating

5 a4 common

particularly

intended to
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INTERNATIONAL STANDARD ISO 16404:2020(E)

Space systems — Programme management —
Requirements management

1 Scope

This document presents the requirements for requirements management (RM) for space projects.

This|document addresses the space programme/project management requirements, applicable through
a top-down approach in a contractual relationship between customers and suppliers.

The pbjective of this document is to state and establish a common reference framework for all the
custgmers and suppliers in the space sector to deploy requirements managemeht for all spgce products
and projects.

This[document on requirements management includes
— 4 definition of the requirements management scope for the spacesector,
— the standard processes for requirements management withinthe product lifecycle mandgement, and

— 3 setof rules for requirements management activities to'be implemented by the actorq (customers
and suppliers), including rules derived from best practices.

The primary target audience for this document includes
— therequirements management/systems engineering process owners of the customers and suppliers,
— the programme/project managers managing the space programmes, and
— the chief engineers and the quality,managers.

The term "programme" is undexstood as a group of several projects. Both “programme” apnd “project”
can je used in the same context throughout this document.

In addition, this document allows customer/supplier flexibility in its implementation and tgiloring.

2 Normative references

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

[SO 9080, Gratity-managementsystems—Fundamentals-an
[SO 10795, Space systems — Programme management and quality — Vocabulary
ISO 14300-1, Space systems — Programme management — Part 1: Structuring of a project

ISO 21351, Space systems — Functional and technical specifications

3 Terms and definitions

For the purposes of this document, the terms and definitions in ISO 9000, ISO 10795 and the
following apply.

© IS0 2020 - All rights reserved 1
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

31

design verification
evaluation of the implementation of the design (architecture, components) against the requirements
(3.5) to determine that they can be met

Note 1 to entry: This is compliant with ISO 9001 verification.

3.2

product lifg
description
the disposal

3.3
product vel
evaluation d
have been n

Note 1 to ent

34
qualificatid
act or cond
manufactur
required en

Note 1 to ent

cycle
of all stages of the product throughout its life starting from the expression ofiits'need
, whatever the form is

rification
f the implementation of the product against the requirements (3:5)to determine that
et

Fy: This is compliant with ISO 9001 verification.

n
ict by the supplier to provide evidences to preveé-that design, manufacturing (incly
ng process) of hardware/software is adequate to fulfil all requirements (3.5) U
yironment conditions

Fy: This may be implemented by analysis, t€st, inspection, or demonstration.

until

they

1ding
nder

[SOURCE: IS0 10795:2019, 3.183]

3.5

requirement

need or expgctation that is stated, generally implied or obligatory

Note 1 to ertry: “Generally implied”) means that it is custom or common practice for the organization and

interested p4
Note 2 to ent

Note 3 to ent
management|

Note 4 to ent

rties, that the need‘or-éxpectation under consideration is implied.
"y: A specifiedrequirement is one that is stated, for example in documented information.

y: A qualifier can be used to denote a specific type of requirement, e.g. product requirement, q
requirement, customer requirement, quality requirement.

Fy-Requirements can be generated by different interested parties or by the organization itself]

hality

Note 5 to entry: It can be necessary for achieving high customer satisfaction to fulfil an expectation of a customer
even if it is neither stated nor generally implied or obligatory.

Note 6 to entry: This constitutes one of the common terms and core definitions for ISO management system
standards given in Annex SL of the Consolidated ISO Supplement to the ISO/IEC Directives, Part 1. The original
definition has been modified by adding Notes 3 to 5 to entry.

[SOURCE: IS
3.6

09000:2015, 3.6.4]

requirements baseline

set of requirements (3.5) that has been formally reviewed and agreed upon, that thereafter serves as the
basis for further development, and that can be changed only through formal change control procedures

© IS0 2020 - All rights reserved
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requirements management

RM

discipline that covers all the tasks that are performed to manage requirements (3.5), such as gathering,
developing, organizing, tracing, analysing, reviewing, allocating, changing, and validating requirement
objects, as well as managing documents and databases that contain them with the purpose of defining

and

3.8

delivering the right product or service

requirements management plan
RM plan

man

a spgcific project or programme that includes the requirement (3.5) cascading activ|
requfrements management interaction with configuration management and functionalan

Note |1l to entry: This plan describes the activities that need to be performed to support the ver
validftion activities in order that the design and product can be verified against requiréments.

39

requirement validation
set of activities to ensure that requirements (3.5) are correct and complete so that the pr
upper-level requirements and user needs

3.10
stakeholder

cust
syst

constraints within which the customers' needs should be achieved

[SOURCE: ISO 18676:2017, 3.9, modified — .The definition has been editorial update
"stakeholder"” in its singular form.]

3.11
systems engineering

interdisciplinary approach governing the total technical and managerial effort required to
set of stakeholder (3.10) needs, eXpéectations, and constraints into a solution and to support {
throgighout its life

[SOURCE: ISO/IEC/IEEE-24748-1:2018, 3.57]

3.12
traceability
ability to trace the history, application or location of an object

Note

mer, user, person who will receive the goods or services and is the direct benefic
dms, or other interested party who affects or is~affected by the project, providing

1 to entry: When considering a product or a service, traceability can relate to:

ity and the
lysis

ification and

bduct meets

aries of the
overarching

d to define

transform a
hat solution

he-origin of materials and parts;

the processing history;

the distribution and location of the product or service after delivery.

Note 2 to entry: In the field of metrology, the definition in ISO/IEC Guide 99 is the accepted definition.

[SOURCE: ISO 9000:2015, 3.6.13]

4 Abbreviated terms

The

following abbreviated terms are used in this document.
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CM
KPI
PLM
RM
ROI

SE

2020(E)

configuration management
key performance indicators
product lifecycle management
requirements management
return on investment

systems engineering

SMART
TBC
TBD

V&V

5 Object

5.1 Objec

The objectiy
system's of
upon, and T
The best op
early imple
implemente

5.2  Scops

5.2.1 Requirements managementscope

a) Requirg
Requirs
the pha

1y
2)

con|
des

3) pro

specific, measurable, achievable, relevant, and traceable
to be confirmed
to be defined

validation and verification

ive and scope of requirements management

'tive of requirements management

e of requirements management is to ensure that stakeholders' needs (customers, y
erating environment, trade and marketing, regulations, etc.) are understood, ag
ealized (i.e. that the final design and the delivered products fulfil stakeholders' ndg
portunity for requirements management to-influence a good outcome of the project
mentation. Greatest return on investment(ROI) of requirements management is if
d early.

b and interfaces

ments management s & transversal activity that lasts for the whole product life
ments managementshall be started as early as possible and shall be sustained throug
5es of the project;including

cept and definition,
gn and-development,

duction,

sers,
reed
eds).
is an

it is

ycle.
rh all

4)
5)

sup

b)

Ort, and

disposal.

Requirements management is a discipline that shall be applied to all engineering domains.

Requirements management shall, as a minimum, apply to technical requirements, although non-
technical requirements may also be managed.

Clause 6:

1y

cap

ture the needs and develop the requirements;

2) allocate and flow down the requirements;

Requirements management covers the following high-level functional processes described in
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3) validate the requirements;
4) verify the design against the requirements;
5) verify the product against the requirements;

6) manage the requirement changes.

Requirements management is an essential part of systems engineering. It is strongly linked to all

elements of systems engineering.

The major objects managed by requirements management are

1) “requirement” (object to be detailed with attributes such as stakeholder, spure
identification, author, status, allocation to design, and statement of the verifi€ation

2) “links” (object to be detailed as the link between requirements, but alse/links fr
objects enabling requirements management to reach its primary objeetive and el
stakeholders' needs are understood and realized),

3) “input documents” (source documents or data that contain therequirements),

4) “output documents” (reports, compliance matrix, produép verification matrix,
matrix, impact analysis, design documentation, and speeification), and

3) “requirements baseline”.

Tequirements management needs to use other types of objects, but is usually not a nj
ollowing objects in order to ensure efficiency:

1) “product breakdown structure”, “configured items”, and “functions”, used
requirements and allocate them;

2) “analysis and trade items”, used to make decisions on the requirement va
example objects “risk”, “issue®\“decisions”, and “discussions”, used to support r¢
management processes;

3) “change management jitems”, such as “change request” and “change order”.

5.2.7 Interfaces and support for other disciplines

5.2.2.1 General

Reqyirements-management interface with the following disciplines is based on an it
exchange threughout the project lifecycle. As a transversal activity, requirements 1
supplorts these disciplines as described in 5.2.2.2 to 5.2.2.7.

5.2.

e, rationale,
method),

bm/to other
wsuring that

traceability

)aster of the

fo organize

idation, for
bquirements

brative data
hanagement

fa AL R 2 1ig £ 2 .
Y4 MUIITWUOT 11T udiity U1 ITYUII TIITIIGS

Metrics or key performance indicators (KPIs) shall be collected and analysed on a regular basis to
measure quality of requirements and support the evaluation of the effectiveness of the requirements
management process (see 8.4).

5.2.2.3 Support to design

Requirements management provides an input to the design team in terms of input requirements.
Lower-level requirements will be derived as an output of the design effort. This is an iterative process
where both sides shall be aware of the current development status.
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5.2.2.4 Support to engineering

a)

b)

Requirements management enables the specification authors/engineers to create their documents
with visibility of all the stakeholders’ needs and design inputs and outputs. The specification
authors/engineers will know what impact any requirement changes may have on other
requirements, design elements, and verification requirements which are linked to each of the
requirements in their specification.

Requirements management enables the product implementation to be traceable to customer needs.

5.2.2.5 Support to configuration management

a)

b)

5.2.2.6 Sy

a)

b)

5.2.2.7 Sy

Requiremen
their requir

Require
in line

configu
of chang

Require
product

Require
delivery

Require
verifica
will be
manage
verifica

custom

ments management enables the implementation of a change in the requirements date
with the change process and generates changes for consideration within the”fq

base
rmal

Fation management process. Requirements management may provide impact asSessnments

res for input into the formal configuration management process.

ments management enables the relationship between the requirements, design,
baselines to be maintained.

pport to verification team

ments management and verification shall be strongly integrated to enable close ou
of the product to the project.

ments management provides an input to the verification team to be integrated int
Fion activities. The product verification activiti€s-include testing. Through the testi

and

and

b the
hg, it

broved if the product complies with the customer requirements/user needs. Requirenments

ment ensures that the requirements management database is maintained with the 1
Fion input.

pport to specialist domains

ts management provides the facilities to enable the specialists to identify, derive, and
bments. The main specialistdomains are

PT support,

environmental engineering;

manufa
marketi

operati

cturing,
ng and sales,

ns,

atest

frack

procurg

ment,

qualification and certification,

product assurance and quality assurance,

software engineering,

reliabili

safety,

ty,

supportability, and

through-life support.
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6 Requirements management overall process

6.1 General
The following describes the overall process of requirements management (RM).

a) The space systems to be developed include many levels of systems/subsystems/components which
are described through the breakdown structure of the final product. Each system level is developed
in accordance with its requirements which are defined by the upper level. The requirements are
cascaded to the lowest level (part or module). These requirements have to be developed in order
to_address the needs of all identified customers (internal and external). The development of

equirements is an iterative process that reproduces itself at each level of the produef breakdown
tructure. As each customer need is developed into specific requirements, these€ |are further
eveloped by design activities into lower-level requirements.
b) 6.2 to 6.7 describe the individual activities of the overall requirements management (M) process.
A short description of the implementation of this process is given in Figute)1.
RM process flow RM process description
] 1. Capture needs and Identify, agree, and capture stakeholdér needs. Translate needs info agreed
%" develop requirements. Prioritize requirentents.
< requirements Examine new and changed requirements to assess impact.
A
§ E * A f 1 breakd All h licabl
ssign functional breakdown to requirements. Allocate the applicable
g © 2. Allocate and flow g . d . . pp
S 8 f down customer requirements to next requirements level and design elements.
g § = requirements Flow down each Jevel .rfaquirements to next lower-level requirements when
= = applicable for traceability purposes.
S < A
0
< v
? 3 3. Validate Check that each requirement is validated to be correct, complete, and
2 3 requirements caonsistent with all the related upper-level requirement.
= = Enter method of verification and raise Request for Deviation and Change
g = A Request for disputed requirements.
~
S )
§ -1 = 4. Verify desigh Reference or link to the part of the design that is/will be related to|the
N ‘g o against, requirement. Check that the design element satisfies the requiremeént.
; 5 3 requirements i ificati i
= = = Assign verification method, level, and milestones for each requirement.
3 I
=
= Reference or link to the product that is/will be related to the requifement.
& 3 5.Verify product P . / . 4
T g . Check that the product element satisfies the requirement.
573 against i . .
= s requirements - = . .
Assign verification method, level, and milestones for each requirement.
R y
E Y E 2 6. Manage Assess the impact of changes and maintain current version of
3 E c = requirements requirements and linkage.
£ eEv 2 change Change Impact Assessment
S
=

Figure 1 — Good practice example of “Single iteration of requirements management process”

c) Figure 2 shows these activities within the context of the development hierarchy. The hierarchical
level at which the manufacturing and development of products takes place is individual to each
project and/or product. The requirements management process activities identified throughout
Figure 1 can be conducted concurrently; this is only constrained, however, in the completion or
‘closing out’ of those activities. The completion of one activity shall not occur until the previous
upper-level activity is completed. For example, at any development level, design verification should

© IS0 2020 - All rights reserved 7
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not be ‘closed out’ until the requirements that were used as input to design against them have been

validated.
Stakeholder needs
- A 4 N D l \
evelopment at
1 Capture needs & p n>
-] develop requirements level ‘0
\ J
X (5r—
Stakeholder requirements @@ Verification Final product/project
of product
* N\
C, Allocate & flow
T down requirements
v
<
3 Validate requirements
J
N /
il 4 - 1
Capture needs & Deve Opnllelft at
develop requirements | level ‘-1

Top level requirements (€= Verification Product/Project

¥ Y
> Allocate & flow product
down requirements
v

3 )validate requirements]

/

V

Development at \

J level ‘“-n’

requirem
changg

Capture needs &
develop requirements

—

Verification .
Req. for lower of design/ Lower level Iterative
level component roduct component process
—— 5
v ~ A

Solution = Physical product )

software / design /drawing

Figure 2 — Requirements management process activities in the “V-cycle” development model
hierarchy

6.2 Capture needs and develop requirements

a) Stakeholders’ requirements (customers, users, system's operating environment, trade and
marketing, regulations, etc.) shall be identified, captured, and analysed for their completeness,
consistency, traceability, testability, and singularity. It shall be ensured that everyone understands

8 © IS0 2020 - All rights reserved
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the requirements, has access to them, and commits to perform the work. Stakeholders' needs
(including customers), expectations, constraints, and interface shall be translated into documented
requirements (missing information obtained, conflicts identified, analysed, and resolved) and
prioritized (rejected, altered, etc.).

b) The ownership for each requirement shall be defined. Each requirement shall have a clear owner
who defines the flow down and ensures that it satisfies the higher and lower levels. The owner
shall ensure that all mandatory attributes as defined in the requirements management plan shall
be completed. This is an iterative process.

c¢) Requirements shall be assessed to verify that each specified requirements are:

6.3
Each

requ
relat

6.4

Each
uppe

6.5

The
ensu

6.6

) unambiguous,

) complete,

) verifiable and concrete,

}) consistent with each other,

) achievable,

h) expressing needs and not solutions,

() appropriate for the level of requirement hierarchy, and

) really needed.

Allocation and flow down requirements

requirement shall be allocated to at least-one element of the product breakdown
rement may be allocated to one or many elements. Every lower-level requirement
e to the source of that requirement. This can be a higher-level requirement or a design

Validate requirements

requirement shall be validated to ensure that it is correct, complete, and consistent
r-level requirements thatit is related to.

Verify design.against requirements

lesign shalldeverified to ensure that it satisfies the requirements. The design verif
re that all.requirements have been taken into account by the design.

Verify product against requirements

Conf

structure. A
chall link or
element.

with all the

cation shall

3 it Lol 3 1 pu | 4 £ pa | 3 | 3 o) L o3 = ’
ghurationrremS(prysSticar proaucts; sortware, aesighs;, arawimgs,etcyoegpassea—tp from one

level to another shall be verified to ensure that they satisfy the respective requirements. There is a need
to check that all requirements have been met and that the item satisfies the purpose it was designed
for. This verification has to be performed at each level. At the highest level in the hierarchy, the final
product shall be verified against the highest-level requirements/user needs. At any development level
where multiple items are being integrated, there is a need for the verification activities to follow any
integration sequence defined in the product/project integration plan.

6.7

Requirements change management

Any change in a requirement shall be documented and justified and an assessment shall be made of
the impact of change and redesign utilizing requirements traceability throughout the lifecycle of the
requirement. Requirements change management shall be considered in the context of the configuration

© ISO
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management of the product/project. Requirements change management is an embedded process within
document change management.

7 Requirements management plan

7.1 General

Any company involved in a space project is advised to take into account the requirements stated in a
quality management system standard.

At a given
customer to| his own suppliers. The customer shall consequently fulfil his own obligations toward
next higher

quality man|

evel, the supplier shall adapt the management requirements contracted with nis

level in accordance with ISO 14300-1. Requirements management (RM) is a subset d
agement system of the stakeholder and the management requirements contracted bet}

the customgqr and his own suppliers.

7.2 Functional and technical specifications

In ISO 2135
system are dlescribed. The format and the content of the functional and technical specifications sh
in accordan

7.3 Requ

a)

b)

d)

f)

10

In resp
supplier prepares a project requirements management plan which contains descriptions of

activitigs, implementation methods, and general related organization to set up these activities.

Thereq
It is the

1, process guidelines for functional and technical specifications related to a product

e with ISO 21351.

irements management plan

bnse to the project management specification as~defined in ISO 14300-1, each concg

pirements manager shall develop and m@intain the project requirements management
responsibility of the project manager to ensure that the plan is introduced to the pr

team and applied by the team.

The template to use to define the requirements management plan is in Annex A. In Annex A,
single s
an exanpple of ‘good practice’ fromrthe divisions/business units.

The foll

1y
2)

3)

pbwing are the rulesto-apply for programme/project RM plan implementation.

Programme/project RM plan can be extended per project-specific needs.

Pro

infqrmation‘already exists there.

Sec

Fiorts 6f the RM plan may include all the details necessary for the implementation of th

own
s the
f the
veen

or a
11 be

rned
main

plan.
oject

each

pction shall contain a description of the purpose of what should be included in the plan and

cramme/pioject RM plan can refer to other programme/project documentations, if the

e RM

standard, but shall refer to other applicable documents, if they exist.

The requirements management plan defines the requirements management process, tool, roles
and responsibilities, and methods to be applied to the related programme/project. The roles
and responsibilities of teams and individuals within the programme to support requirements
management will also be defined.

The requirements management plan

1y
2)

provides an overview of the structure and the content of the plan,

addresses the main topics, such as adaptation of standard requirements management data,
model, process, and interfaces to other processes (i.e. configuration management and validation
and verification), and
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3) describes the project-specific environment, infrastructure, and tools supporting the process.
The requirements management plan shall be applicable to all the requirements of the
programme/project, including sub-contractors, etc.

g) The requirements management plan shall be developed at the earliest phase possible and shall be
kept updated for the entire lifetime of the product defined by the project.

8 Rules for requirements management

8.1

General

The (Lbjective of this document is to deploy a high-value requirements management (RM)'effall products

base
stakd

Two
impl

8.2

The s
as dg

fined in Table 1.

Rules for deployment of requirements management activities

Table 1 — Mandatory rules for deployment of requirements management

l upon a common reference framework, enabling and facilitating collaboration-betwegen different
tholders as well as cross programmes/projects.

categories of rules have been defined, the rules to be satisfied by each stakeho|der for the
bmentation of requirements management activities and the rules for requirements panagement
itself.

upplier shall ensure that the requirements managementactivities are deployed and implemented

Rules for deployment of requitements management activities

Company/business level

01

Each stakeholder-shall ensure that requirements are managed for gach pro-
gramme/prpject in a correct and effective way.

02

A standardrequirements management deployment method shall b¢ defined
and proposed for all new developments within each stakeholder.

03

A-specific requirements management education and skill developmlent plan
shall be developed and applied at stakeholder level.

04

Each stakeholder shall establish and maintain a dedicated requirerpents
management competence team to support all programmes/projectp on all
requirements management-related topics. In case no dedicated requirements
management team is established, the requirements management fynction shall
be assigned to a dedicated and competent member in every project

05

Each stakeholder shall ensure that one RM toolset is available to al] projects/
products throughout the business.

06

Each stakeholder shall use the stakeholder recommended tool.

Programme/project level

07

Each programme manager shall be informed of the benefits of requirements
management and apply her/his stakeholder requirements management rules.
Any intentional deviation from it shall be justified and documented within the
requirements management plan.

08

Each programme shall identify a requirements management function and
maintain it for the whole programme lifecycle.

09

A requirements management plan shall be documented and implemented for
each programme/project.

10

Interfaces with other PLM tools and processes shall be defined for each pro-
gramme/project.

11

Exchange of RM objects and related data between suppliers, industrial part-
ners, and stakeholders shall be defined and implemented.
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