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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.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further—-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This| document was prepared by Technical ‘\Committee ISO/TC 20, Aircraft and spqce vehicles,
Subcpmmittee SC 14, Space systems and operations.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.

© IS0 2022 - All rights reserved v
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Introduction

This verification programme document provides top-tier and overarching requirements in space
programmes. Implementation will ensure thoroughly verified space systems in a timely and cost-
effective manner for verification distributed among all participating organizations (see AIAA S-117).

Many space programmes are very complex systems consisting of numerous elements (such as
spacecraft, launch and ground segments, systems, subsystems, units, interfaces). It is common for
these elements to be distributed across many international/domestic contractors, subcontractors,

and suppliers
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organization. This approach ensures that requirements establishmentand assoc
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This document also helps each space programme to integrate any heritage/commercial systems
to new programmes by examining whether the applicability of these systems has been thoroughly
verified. Appropriate modifications of any heritage/commercial systems for new/modified systems
are systematically identified and verification accomplished by applying these uniform six verification
management processes.
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Space systems — Verification programme and management
process

1 Scope

This document establishes a set of requirements for planning and executing verification programmes
for cpmmTeTTiat/ To=ToNMIMET Tiat TITaTTed arrd UTTared SPace SyStens.

This|document defines a distributed verification programme for each contractor that'éngages in the
development of any element of a space system, starting from the lowest level (i.e. unit/piede part level)
and the earliest phase (i.e. requirement phase) to the acceptance and the delivery,¥eview ¢f a system’s
development as well as the launch site activities.

This|document primarily addresses verification associated with space/launch, and ground segment
acqujsitions. Space support segments including range safety, ground support equipment) and launch
operftion facilities, which are not otherwise addressed in this document, can also bengfit from the
described verification programme and management processes.

2 Normative references

Therk are no normative references in this document.

3 Terms and definitions and abbreviated terms

3.1 | Terms and definitions
For the purposes of this document, thefollowing terms and definitions apply.
[SO dnd IEC maintain terminolegy*databases for use in standardization at the following addresses:

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

— IEC Electropedia;.available at https://www.electropedia.org/

3.1.1
heritage system
system/itemiwith from the original supplier that has maintained the great majority of [the original
service, design, performance and manufacturing and has already flown in space

3.1.2
late change

change to the space, launch, ground segments, or their interfaces, procedures or processes, which
compromise or potentially invalidate previously executed verification approved at each system level
preliminary design review (PDR) and/or critical design review (CDR)

3.1.3
mission critical failure
condition that meets one or more of the following criteria:

a) failure leading to inability to meet/achieve mission objective (e.g. payload or spacecraft bus is no
longer capable of supporting the mission objectives);

b) inability to meet minimum performance specifications for primary mission;

©1S0 2022 - All rights reserved 1
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ife;

degrading condition whose trend indicates a loss of mission before mean mission duration or

repetitive transient condition(s) that, uncorrected, would lead to an unacceptable loss of mission

performance, data or services (e.g. satellite with processor susceptibility to single event upsets in

<)

design 1
d)

orbit wi
3.14

th mean time to upset much less than mean time to recovery from upset)

operational test and evaluation
test and evaluation that represents the mission in terms of phase, transitions, environments, personnel
and events in an end to- end system conflguratlon (1 e. comblnatlon of hardware/software and data

when functje

and produci
resulting in

3.1.5
specificatid

ng mission outputs accordmg to the typlcal operatlonal rhythm tlmellnes and sequg
end-user goals (products, services, and timeliness)

n verification ledger

digital datalpase for verification information of the space system specification

3.1.6

subject mat

ter expert

person with substantial knowledge of, and experience with, the topic-at hand, including tg

technology

3.1.7

verificatior]
matrix, usui
an assigned

Note 1 to ent

3.1.8
verification
method incl

Note 1 to ent

3.19
verificatior
record of re

3.2 Abbr

AIAA

CDR

hind methods

| cross-reference matrix
lly electronic database of some type, maintained.to correlate all verification needs wj
portion of a program, up to and including a complete program matrix

) method
iding test, analysis, demonstration; or inspection

Fy: See 1ISO 9000.

) record

pviated terims

Ameriean Institute of Aeronautics and Astronautics

critical design review

uirement conforniity or compliance based on the assigned verification method(s) (3.1.8

rms,

ithin

'y: The matrix does not replace other verificatioh'plans or requirements, but is a summary of them.

CDRL
COTS
CM
DT&E
EM
EMC
EMI

contract data requirements list
commercial, off-the-shelf
configuration management
development test and evaluation
engineering module
electro-magnetic compatibility

electro-magnetic interference
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FCA
I&T
IF
LRR
MRR

NRB

functional configuration audit
integration and test

interface

launch readiness review
manufacturing readiness review

non-conformance review board

ISO 23135:2022(E)

0T&

1]

PCA
PDR
PMP(B
QA

SC

SVL
SDR
SRR
TPRID
TRR
VCRM
VM

wc

WBS
WBSFWG

4 Requirements for space system verification management processes

ano

operational test and evaluation
physical configuration audit

preliminary design review

parts, materials, and processes control board

quality assurance

spacecraft

specification verification ledger
system design review

system requirements review

test parameters requirements doeument
test readiness review

verification cross-referente matrix
verification management
worst-case

work breakdown structure

WBSbdsed working group

o

4’- 1 chcn ar

Each space system and lower-level systems developer shall implement the verification processes
detailed in 4.2 through 4.7. To better support a specific programme or project, the processes defined in
this document may be tailored to match the actual requirements or needs of the programme.

4.2 VM process 1: requirement flow-down and establishment of specification

4.2.1 General

The developers of each level of the system, in coordination with their systems engineering organizations,
develop a system-level specification with both performance and verification requirements for their
system. They capture the requirements that are flowed down from the top-level space system to
WABS elements, external interface specifications, and concept of operations (CONOPS) of their system.

© IS0 2022 - All rights reserved
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They capture all the derived and specific requirements including those of normative references that
are necessary to design and develop their system. They also capture/modify all the heritage system
requirements that are compatible with the top-level requirements determined by the requirements
flow-up process.

Each specification shall include sections relating to:

a)

the function, performance, constraints, and normative references for the product;

b) adetailed statement of how verification will be made for each separate requirement.

This includes verification methods and associated verification approaches.

NOTE1 Sj
NOTE2  Sg
NOTE3  Sg

to systems el

NOTE4  Se

4.2.2 Spe

4.2.2.1 Gq

Specificatio
system leve
design revig

NOTE Se
4.2.2.2 T
Each of the 1

the verificat

4.2.2.3 Vg

Verification
the element

NOTE N
higher level,
4.2.24 Ve

ecifications are defined in ISO 9000.
e ISO/IEC/IEEE 15288 for flow-down and flow-up in the systems engineering “V".

e ISO 16404 for general requirement management process including those associated with su

e ISO 14711 for CONOPS-related documents.
cification requirements and review

tneral

s shall be delivered for review at each corresponding system level’s review from th
| to the lowest unit level specification [e.g. system requirements review (SRR), sy
w (SDR), preliminary design review (PDR), critical design review (CDR)].

e 1SO 14300-1 for project phasing and reviews.

p-level requirements flowed-downj/up documented traceability

op space system level requirements flowed down/up shall have documented traceabil
ion record to the lowest levelof the work breakdown structure (WBS).

rification of non-derived requirements specific to each system

requirements shall-capture all the non-derived requirements that are specific to ea
5 being developed:

n-derived_figquirements are requirements which do not have a parent requirement in the
uch as these that are needed to satisfy heritage systems.

rification of compatibility of heritage systems requirements

gineering activities such as those associated with verification and configuratipp’'management.

pport

e top
stem

ty in

ch of

next

When heritage systems are used, verification requirements shall ensure that each of the requirements
in the heritage system specification is compatible with and supports the higher- and lower-level system
requirements. If not, they need to modify any noncompliant requirements accordingly (see ISO 16290).

4.2.2.5 Requirement verifiability

Each of the requirements shall be verifiable by analysis, test, inspection or demonstration or a
combination of them (see ISO 9000).

4.2.2.6 Normative references flow-down

Each of the normative references listed at any system level shall also be flowed down from the

appropriate

4

level specification to any of the applicable lower level specifications.
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4.2.2.7 Configuration management (CM)
The system level requirements shall be under CM control upon completion of SRR.
Lower level requirements shall be under CM control upon completion of PDR.

The requirements flow-down and flow-up efforts should be accomplished by utilizing data management
software in order to effectively manage any part of system level requirements flowed down/up to/from
any other system levels.

Validation of the developed specification may be considered as completed after independent subject
matter experts from external organizations have reviewed the specification and their comments are
incorfporated into the specification.

4.2.3 Data supporting verification method and approach

Each| specification verification implementation shall include data and proceésed data (information)
which establishes the satisfaction of the requirement as well as the associated upper level requirements.
Thislincludes a synopsis and rationale for the actual implementation approach for each reqpirement.

4.3 | VM process 2: verification cross-reference matrix (VCRM)

4.3.1 Cross-reference of specification requirements and/verification method

The VCRM shall cross-reference specification requirements, their verification methods,|verification
levelfand milestones.

4.3.2 VCRM for the space system and lower level systems

Veriffication plans for the space system and all the lower-level systems, including external and internal
[Fs, dre delivered at major reviews (See Clause 5). These plans shall include the VCRM for egach level.

4.3.3 Verification by analysis

a) Design and analysis documerits shall be developed for each level of the system being developed
system, subsystem, unit,jetc.) and ensure that all the “verify by analysis” requirements in the
¢orresponding specification are documented and satisfied.

INOTE Alist of analyses along with the approaches and methods, and a set of design referemce cases that
defines reasonable worst-case conditions and other conditions for each analysis used for “verification by
dnalysis” are identified and documented.

b) Design_analyses sometimes require the support from test results. In these cases, a list of “verify
y test“requirements that require development test to support the design analysis ghall also be
ineluded in the design and analysis list.

c¢) When aspace safety-critical design or function is only satisfied by “verify by analysis” requirements
in the corresponding specification and determined as one of the pass/failure criteria for the
associated PDR and CDR, then a risk assessment shall be conducted and included of the contribution
to residual risk on people, the space environment, and the mission, because of the space safety-
critical design or function in question.

4.3.4 Verification by test

“Verification by test” is accomplished using such tests as development test, prototype test, life test,
pre-flight brass board/engineering modules tests, actual flight system integration and acceptance/
qualification test, and operational test depending on the nature of the requirements being verified.

© IS0 2022 - All rights reserved 5
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A list of tests, approaches (such as with the use of flight units, engineering units, breadboard, coupons,
software/hardware-in-the-loop test), and test conditions for “verification by test” shall be included in
the VCRM and reviewed at the corresponding system’s PDR, CDR and TRR.

a) “Verification by test” based on development hardware/software or breadboard testing may be
required to substantiate related analyses or vice versa. These development test lists, approaches,
conditions and results are normally reviewed along with the associated analyses.

b) “Verification by test" requirements under the acceptance/qualification tests, shall be listed in a test
parameters requirement document (TPRD) and incorporated into the corresponding test plan that
is developed based on VM process 3, explained in 4.4.

4.3.5 Verification by inspection and demonstration

A list of arnd detailed approaches for “verification by inspection” and “verify by demenstration”
requirements shall be developed for each of the applicable space system and lowerylevel syjstem
specifications.

4.4 VM process 3: integration and test (I&T) process

4.4.1 Genleral

In preparation for the I&T life cycle phase, system I&T plans shall be déveloped for the space system and
each of the Jower-level systems to ensure that the “as built” systemis rigorously tested for acceptance
tests,qualification tests or tests related to the mitigation of potenhtial mission critical failures.

NOTE Sde ISO 17566, ISO 17401, ISO 14303, and ISO 15864~which define test documentation, spacg¢craft
interface reqfiirements document, launch-vehicle-to-spacecraftinterfaces, and general test methods respectively.

4.4.2 Review of I&T plans for the space system@nd lower level systems

I&T plans fof each of the spacecraft, launch vehicle, ground system and each of the internal and extgrnal
interfaces including those developed by subcontractors and vendors shall be delivered for review and
approval at pach corresponding PDR, CDR, and TRR.

4.4.3 Spafe system and lower-level I&T sequence and test environments

A test sequience, environment)types/levels, duration, and test monitoring approaches/methods,
with documented rationales for selecting the acceptance, proto-qualification, or qualification| test
programme|shall be established and documented for each of the space system and lower-level systems
including thpse developed by subcontractors and vendors.

4.4.4 Opdrational tests for space system

An operational‘test plan shall be developed and executed prior to launch/operations to verify critical

mission characteristics including the planned mission sequences, events, transitions, timelines,
processes, configurations, command operations, data/telemetry downlinks and processing, and
deployment functions.

NOTE An operational test is based on effectiveness (can the system perform the mission) and suitability (can
the system perform the mission in a manner that is affordable and sustainable) without artificial constraints to
the fullest extent possible.

4.4.5 Testreadiness review (TRR) and entry/exit criteria

TRR shall be conducted prior to each of the space system and lower level systems I&T based on the
entry and exit criteria that are reviewed and approved at PDR, CDR, and/or pre-TRR.

6 © IS0 2022 - All rights reserved
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The entry/exit criteria to hold TRR for each space system and lower level systems shall be planned
and updated throughout its PDR, CDR, and pre-TRR to ensure all the “verify by test” requirements are
satisfied.

4.4.6 Testdiscrepancy resolution and retest

Test discrepancies at any level of flight hardware/software system integration and test shall be
reported, investigated and resolved.

As an example, a non-conformance review board (NRB) may coordinate the failure investigation and
resolution such as with the parts, materials, and processes control board (PMPCB); quality assurance
(QA)[ 1T required along with the appropriate WBS lead; and the programme managemént for their
apprpval. ISO 23461 contains further information for this example.

4.4.7 Testsummary and “as tested” data review

Each|test level shall include a list of discrepancies, their disposition, and retesthistory whigh have been
well documented, reviewed and approved.

To cqntinue the example above, by QA, the NRB, the PMPCB, the appropriate WBS lead, and space system
verifjcation programme management at the conclusion of the test and before the item is transferred to
the next level of integration and test phase.

4.4.8 1&T plans for launch site operations for each element

The Jaunch site I&T plan and procedures shall be devel@ped for each of the flight space vehicle, launch
vehigle, ground elements, and ground test equipment to ensure that each element is fun¢tioning and
ready for launch throughout the pre-launch count;and the launch count procedures.

4.4.9 I&T plans for launch site operations for integrated system

The launch site I&T plan and detailed tést’procedures shall be developed for the integratior] and testing
of all combined spacecraft, launch, graiind, ground test equipment, and range safety systens.

4.5 | VM process 4: specification verification ledger (SVL) process

4.5.1 General

The SVL process shall be implemented for the space system from the unit through syjstem levels,
including associdted IFs and normative references, using a form that summarizes infgrmation for
verifijcation traceability. Referencing the VCRM, the SVL shall contain data and professed data
(information).which confirms the satisfaction of the requirement as well as the associated upper level
requfrements.

NOT All of the SVI, columns help to expedite the acceptance, latent troubleshooting, orlindependent
readiness review process, since the data can be easily tracked down and obtained when required. Also, it helps to
ensure the applicability of the system to other programmes such as an upgraded or a brand new programme.

4.5.2 SVL content

The SVL for each of space system and lower level systems shall include, butis notlimited to, a requirement
description/ID number in the specification, a synopsis of the verification method/approach, the
organization responsible for verification, and the verification product ID such as the analysis or test
report. An example of a set of minimally required contents for SVL is provided in Annex D. The order of
information (columns) is not prescriptive, as long as the hierarchy of information is maintained.
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4.5.3 SVL documentation

The content of SVLs for the space system and lower-level items shall be stored electronically by the
programme to assure that the proof of full requirements’ verification is complete for all the elements
and also to ensure configuration management of the contents.

4.5.4 Subcontractor/vendor SVL plans for the space system element including subsystems, and
units

SVL plans and results for each element including those developed by subcontractors/vendors shall be
delivered for review and approval at SRR, SDR, PDR, CDR, and acceptance/delivery review.

4.6 VM process 5: acceptance and delivery review process

4.6.1 General

A set of entry and exit criteria and a standardized set of review data packages shall*be developed for
each of the §pace system and lower level systems’ acceptance/delivery review actiyities.

NOTE1 When each element completed VM process 5 is ready to be delivered te_the next step of integijation
activities (acfeptance activities) or to the launch site (delivery review activities);-these processes ensure fthese
elements havie been verified (and validated if the customer is involved with these efforts).
NOTE 2  Entry/exit criteria for the acceptance and delivery reviews ate not necessarily the same becauge the

completion df a space system acceptance/delivery review sometimes.pequires the results of higher-levdl I&T
results.

4.6.2 Spafe system and lower level systems acceptance and delivery review data package

A data packpge for each of the space system and lower level systems’ acceptance and delivery rgview
shall includ¢ the approval statement as follows:

a) SVL;
b) as-tested test report;

c) testsummary, including envirohment test history, test anomaly, and disposition summary;
d) NRB/PMPCB summary, including approved/waived part lists;

e) deviatigns/waivers sumymary;

f) disposition status @f action items generated at associated system’s PDR, CDR, TRR, and test|data
review;

g) disposition'status of all the issue/concern items associated with each of the space system and lpwer
level systems;

h) summary of functional configuration audit (FCA) and physical configuration audit (PCA).

4.6.3 Acceptance and delivery review plans for the systems developed by subcontractors/
vendors

Acceptance and delivery review plans and the results for space system and lower level systems

including those developed by subcontractors/vendors shall be delivered for review and approval at
SRR, SDR, PDR, CDR, and acceptance/delivery review milestones.

4.6.4 FCA and PCA summary as a part of acceptance package

An FCA and PCA shall be conducted; and their results are provided as a part of acceptance activities.
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4.6.5 Acceptance/delivery review entry/exit criteria

The entry/exit criteria to conduct successful acceptance/delivery reviews for each space system
and lower level systems shall be planned and updated to ensure throughout its PDR, CDR, and pre-
acceptance/delivery reviews to shipping to ensure the completion of documented and traceable proof
of verification as explained in 4.6.2 through 4.6.4.

NOTE Inclusion or non-inclusion of shipping is determined by program.

4.7 VM process 6: verification-related risk and issue/watch list management process

4.7.1 General

Veriflication-related issue-and-concern items shall be identified, resolved, and documented for each
veriffcation activity throughout the requirements flow-down, design, manufacturing, test, and
acceptance/delivery review and launch site I&T phases of the programme.

ISO 17666 should be used to determine which concerns/problems should.remain on issug/watch lists
and yhich concerns should be reported to the overall programme levelrisk items.

4.7.21 Status tracking of verification-related issue and concern‘items

Each| of the verification-related issue and concern items shall be documented, including the problem
description, responsible organization/engineers, problem identification and required res¢lution date,
its rgsolution status and tracked by the corresponding WBS-WG.

4.7.3 Reporting of verification-related issues to the programme risk management bpard

All verification-related concerns that can inmipact the cost, performance, and/or schedule of the
programme shall promptly be reported to.the programme-level risk management board so that the
boarf can determine whether the concerntneeds to be elevated to a programme risk

4.7.4 Verification-related risk and'issue/watch list management plans for the space|system
and Jower level systems including those developed by subcontractors/vendors

A verification-related issue/watch list management plan and the status for each of the space system
and the lower level systems)ihcluding those developed by subcontractors/vendors shall be dlelivered for
revigw at SRR, SDR, PDRCDR, and acceptance/delivery review.

5 Requirements for space systems verification programme management

5.1 | General

Eachlspace programme shall establish a space system verification programme in ordelf to manage
verification processes by implementing a standard set of verification management activities at each
level and phase of system development as specified in Clause 4.

NOTE Verification processes apply to planning and executing activities starting at the requirements
definition phase and extending through the launch, post-launch phase.

5.2 Verification programme managed by each WBS element

The verification programme shall utilize subject matter experts under each WBS element to plan
and execute verification of their space system element(s) by following the requirements specified in
Clause 4.

NOTE1 SeelSO 21349.
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NOTE 2 See Annex A.

This group may be designated by joining work breakdown structure (WBS) and verification working
group.

5.3 Integration of distributed verification programme

The overall system level WBS-WG shall manage planning and execution such that the end-to-end
system verification approaches and results satisfy each requirement in the overall system specification
including mission requirements, mission operation concept, and internal/external Interface
requirements.

5.4 Verification programme review

At space prgogramme management reviews [e.g. SDR, PDR, CDR, launch readiness review/{L:RR)], WBS-
WG verification activities shall be reviewed for planning, execution and results such that their enfd-to-
end activiti¢s are consistent with the overall verification programme.

5.5 Verification programme flow-down to subcontractors and vendors

The requirgment for establishing the verification programme and verification management process
described ir] 4.2 shall be flowed down from the top-tier contractor to all the subcontractors and vendors
who supply hardware, software, or both used by the higher tier systems.

NOTE It[is imperative for the top-tier contractor to have contractual agreements with their subcontrdctors
and vendors fo satisfy the requirements specified in Clause 4.

5.6 Verification activities coordinated with other'review boards

Each of the [WBS based verification activities shalllbe conducted in coordination with programinatic
and technical review boards (e.g. requirement change board, configuration management board).

In a multiplg tier programme, all top-tier requirements shall be traceable at programmatic and technical
review boar|ds.

5.7 Validption of the verification process

5.7.1 GeIral

The verification processishall include validation for intended use. Validation primarily coincides|with
major programme reviews (such as SDR, PDR, and CDR).

If the DT&E-atd OT&E-precesses—are—cen 1s for
accomplishing the required DT&E and/or OT&E.
NOTE Most of the mass-production type space programmes require plans for accomplishing the flight

system production phase DT&E.

5.7.3 Independent readiness review (IRR) and launch readiness review (LRR) support

Proof of verification such as the SVL, verification by analysis, as-tested data, and specifically any test
discrepancies shall be provided upon request to associated IRR and LRR Teams when they exist for a
programme.

NOTE See ISO 18676.
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5.8 Verification plan

5.8.1 General

A verification plan that implements the verification management approach and processes shall be
developed for each of the space elements (space vehicle, launch vehicle and ground, spacecraft bus or
payload, subsystem, and unit, etc. such as utilizing ISO 17566).

NOTE A sample contract data requirements list (CDRL) is provided in Annex B including some specific
requirements such as those relating to delivery/review. It also provides a set of detailed plans for the verification
management processes explained in 4.2.

5.8.1 Review of verification plans

The fesults of the plans and the execution progress status of each space system"verification plan,
including those developed by subcontractors and vendors shall be captured in the verification record
and feviewed at each of their review milestones (e.g. SRR, SDR, and PDR).

NOTH Annex C provides documents deliverable/review requirements associated with each verification
mandgement process that can be included in the data item description referenced in a CDRL callingffor the plan.

6 Use of verification management for late changeS)and heritage /commercial
systems

6.1 | General

“Late changes” or “heritage systems” applicatioiis can occur at any level of a space system being
developed, including but not limited to those_associated with piece-part, materials, unit| subsystem,
and interfaces.

“System is built right” verification shall be achieved for “late changes” and “heritage systems”
applications as long as they also utilize the verification programme and associated process¢s explained
in Clause 4.

6.2 | Late change verification management
6.2.1 Verification oflate changes utilizing VM processes 1 through 6

6.2.1.1 General

Veriffication.of\“late changes” shall utilize a set of VM processes delineated in 4.2 through 4./ in order to
ensufre that-any changes are exposed to the rigorous verification processes explained in this document.

6.2.1:2— Verificatiomof fate chranges for directanmd coltateratimpacts

Late changes shall be assessed for both direct and collateral impacts to verify the compliance of the SC
to the programme requirements and mission goals as follows:

a) encompass re-execution, or addition, of analysis, inspection, test and demonstration, as necessary;

b) assure applicability and validity of the verification criteria and methodology, as warranted by the
change;

c¢) recommend a set of checklists for planning and executing late changes, as explained in Annex E.
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6.2.2 Late change categories
Late changes may typically be introduced, but not limited to, the space, launch, or ground segment:
a) late changes caused by requirements issues:

1) improper, incomplete, or late allocation of requirements;

2) system element-to-element (e.g. space-to-ground, spacecraft-to-launch vehicle) interface
requirements issues;

3) technical design changes due to mission operations concept modifications such as in the
rediindancy management, command sequences, and other general telemetry and comihand
managements requirements;

b) late chajnges caused by design synthesis issues:

1) both flight and non-flight design issues or changes, including hardware-software intefface
conppatibility;

2) latgchanges due to commercial off-the-shelf (COTS) software or hardware changes;
c) late chal[lges caused by pre-system integration manufacturing issues:

flight and non-flight hardware non-compliance or non-conformanee occurring during fabricgtion,
manufafturing, and assembly, including repair, removal, and réplacement issues;

d) late chajnges caused by system integration and test issues:
1) adiscrepancy or anomaly associated with a test ofia process;

2) harfdware assembly and integration issues (including flight or non-flight hardware build or
profess issues);

3) a“cpuse unknown” scenario;
e) late chapnges caused by alerts;
1) intdrnal: contractor- or supplier-initiated alert, notice, or communication;

2) external: customer- or industry-initiated directive, notice, or communication.
6.3 Heritage/commercial systems verification management

6.3.1 Genleral

Verification| of<heritage/commercial hardware and software shall utilize a set of VM processes
delineated {n“4.1.1 through 4.1.6 in order to ensure that heritage/commercial hardware/softyvare,
including COTS has been exposed to the veriiication processes explained 1n this document.

6.3.2 Heritage/commercial hardware and software applications

Heritage/commercial hardware and software applications shall be assessed for both direct and
collateral impacts to verify and validate the compliance of the SC to the programme requirements and
mission goals by including following activities:

a) encompass re-execution, or addition, of analysis, inspection, test, and demonstration as necessary;

b) assure applicability and validity of the verification criteria and methodology as warranted by the
heritage applications;
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c) follow the minimum set of checklists for planning and executing late changes as explained in
Annex E.

6.3.3 Verification of heritage hardware and software

Verification of heritage hardware and software activities shall examine the application with regard to
the following categories:

a) heritage/commercial systems requirements issues;

1) improper, incomplete, or late allocation of requirements;

2) system element-to-element (e.g. space-to-ground, spacecraft-to-launch vehiclg) interface
requirements issues;

3) technical design changes due to mission operations concept modificdtions sudh as in the
redundancy management, command sequences, and other general telemetry and command
managements requirements;

b) lheritage/commercial systems design synthesis issues:
1) both flight and non-flight design issues, including hardware=software interface compatibility;

r

2) COTS software or hardware compatibility;

c) heritage/commercial systems pre-system integration manufacturing issues;

d) hardware manufacturing and process issues, including flight or non-flight hardware build or
rocess issues;

e) lheritage/commercial systems system integration and test issues:
1) testplan, procedures, or a processes-related issues;

2) testequipment issues.

f) lheritage/commercial piece parts and materials issues;

1) heritage/commercidl piece parts and materials issues;

2) replacement ofdieritage/commercial piece parts or materials due to alerts.
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Annex A
(informative)

Exemplar space system and an example of WBS-based verification
management structure

Typical space system

(consists of space, launch, and ground

segmﬁnt)
\\
\ Verification program
\\
\
\
\
\
\
System Space system Y. v Launch system Ground system
enginedring N - ;
\ 4
Sp\agecraft bus \ /
Overall - \ \ !
vera Y A\ ! Each of these elements consist$ of
system Subsystem/unlts\ | several lower level elements and
N \ |
\ \ \ “ units, and their interfaces
Program \ \ \\\ l\‘ //
external IF N N | /
> Spacecraft payload'\ Y ‘\ /
~ \ \ /
S — V) /)
Space - ] Subsystem/imit\\ \ \\ ‘\ /
ground IF — N
- <
\\\\\ \\\ \\\ \\ \\ \\ \\ //
\\\\\\ \\\\ \\ N \ \\ ‘| //
Spacecraft - < “~~~_~.| Each WBS WG implements verificatior
external IF | spacecraft - a-==-]  management processes 1 through 6
ilrjlternal IE_—4--" described in 4.0
Spacecraft= e
launch-vehicle | «-—~" 7
IF T
MISSION | ="~

Figure A.1 — Example of distributed verification management structure

User segment and other parts of launch segments such as range safety, ground support equipment, and

launch operation facilities are not included due to space limitation in Figure A.1 although commonly
associated systems may utilize WBS structure as a part of their acquisition activities.
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Annex B
(informative)

Review of verification plans for space system and lower system
level, including those developed by subcontractors/vendors

B.1

The ¢utline is generally common to each of the plans for space system, segment, higher;level
nal IF, module, and key subcontractors and vendors providing systems. A single verif
Fmitted for all the space system, segment external IF, and module, if one contractor dg
W separate plan should be produced for each contractor, subcontractor, and vendor.

extel
is pe
not,

a) 1
{

|

b) 1

B.2

3)

Outline requirement

)

)

)
)

)

Document delivery requirement

Describe verification programme management approaches, and @rganization based
hat involves government and contractor experts’ participation in each of their applica

Describe, in detail, the implementatioh-plan for each required verification managemen

explain who is responsible for managing each WBS verification programme and the
with the programme manager;

explain the frequency of the WBS-WG meetings;

explain the verification programme flow-dewn to each subcontractor/vendor and
when the progress status is monitored;

inclusion of verification management board is highly encouraged.

VM process 1: requirement flow-down and establishment of specification;
VM process 2: verification cross-reference matrix;

VM process 3: integration and test (1&T);

VM process 4:spécification verification ledger (SVL);

VM process.5: acceptance/delivery reviews;

VM progcess 6: verification-related risk and issue/watch list management

programme
ication plan
velops all. If

bn WBS-WG
ble WBS(s):

relationship

how/what/

[ process:

Each plan is delivered at the time of proposal, SRR, SDR, PDR, and CDR.
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B.3 Review of requirement flow-down and establishment of specification

B.3.1 Outline for requirement flow-down and VCRM plan

The outline is generally common to each of the plans for space system, segment, higher-level programme
external IF, module, and key subcontractor and vendor providing systems as follows:

a) requirement flow-down planning:

1) categorize, by function, the top-level space system requirements into such functions as mission
performance, operational environments, reliability, safety, housekeeping, fault management,
etc.

2) desgribe rationale for each requirement flow-down from space system to each lowérilevel
system;

3) desgribe approaches for ensuring each requirement is well defined and “objectively” verifiable;
4) explain approaches/methods to document the traceability of each requiremént flow-downn;
b) requirement flow-up planning:

1) ifaheritage systemis used as a part of a space system being develoeped, assess each requirement
of the heritage system specification to ensure that all of the-fequirements in the specificption
are| compatible with upper level system requirements by ‘conducting requirement flow-up
profcess and modify the heritage system, if required;

2) desfribe rationale for the use of each requirement “as\is” and “need for modification”;
c) VCRM:

explain| the rationale for selecting the particular assigned verification method(s) for |each
requirement.

B.3.2 Deljvery requirement

Each plan is|delivered at the time of SRRySDR, PDR, and CDR.

B.4 Analysis, test, inspection, and demonstration plan for space system and
lower level systems (based on VCRM process)

B.4.1 Outline for verification by analysis, test, inspection, and demonstration plan

The outline |s comfon to each of the plans for space system, segment, higher-level programme ext¢rnal
[F, subsystem, and unit including those developed by subcontractors and vendors providing systems as
follows: ]Iﬂ

a) list all the requirements (with requirement ID and brief description of the requirement) by each
verification category, verify by analysis, test, inspection, and demonstration for each specification;

b) explain scope and approaches to verify each category of the verification methods such that they
will ensure each requirement listed for each category will be verified;

c) explain the design reference case associated with each “verify by analysis” requirement;
d) explain test approaches/methods for each “verify by test” requirement;

e) explain the rationale for “verify by similarity” for each applicable requirement such that none of
the constraints relating to its application to the system/programme, software/hardware design,
environments, safety, and life, etc. has changed from the earlier system.
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B.4.2 Delivery requirement

Each plan is delivered at the time of proposal, SRR, and SDR and the preliminary and final r
design and Analyses list are presented at the corresponding PDR and CDR, respectively.

NOTE These planning and the results become a critical part of PDR and CDR success criteria.

B.5 I&T plans for the space system and lower level systems

esults of the

The outllne is generally common to each of the plans for space system; and lower-level systems including

b) éxplain using a test matrix to indicate that all the “verify by test” in the associated §
ill be identified in the corresponding TPRD that need to be tested at différent test ph3
at different environment sequence);

c) ¢xplaintest conditions (such as the environments test sequence and durations as well a{
and telemetry data, and frequency/timing of the monitoring);

d) ¢xplain approaches, methods, NRB, and PMPCB, QA, WBS lead involvement with re
discrepancy/anomaly resolution retest and approval to.proceed with the next level tes

e) ¢xplain approaches/methods for documentation and-approval for the “as tested” s¢
fesults;

f) e¢xplain test result documentation and review-approval approaches/methods for test
gummary report for system certification, of'acceptance/delivery review activity.

B.6 | SVL plans for the space system segment, system, subsystem, unit, and

contractor/subcontractor/vendor

B.6.1 Outline for the SVL plan

The ¢utline is generally cofmon to each of the plans for space system, segment, higher-level
external IF, module, and-key subcontractor and vendor providing systems as follows:

a) e¢xplain approdches/methods for implementing/managing the SVL process such that th
¢ach SVL isréviewed (by each WBS-WG expert and other appropriate functions) and
¢ach requirement of a specification has proof of verification, and traceability to the

/proto-flight,

pecification
ses (such as

monitoring
pard to test
9

quence and

completion/

programme

e content of
ensure that
responsible

other apphcable experts and members

B.6.2 Delivery requirement

Each plan is delivered at the time of SRR, SDR, PDR, CDR, and acceptance/delivery review.
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B.7 Space system and lower level systems acceptance and delivery review data

package

B.7.1 Out

line for acceptance/delivery review plan

The outline is generally common to each of the plans for space system, segment, higher-level programme

external IF, m

odule, and key subcontractor and vendor providing systems as follows:

a) describe approaches/methods for implementing/managing/approving the acceptance/delivery
review process;

b) explainfentry/exit criteria for conducting successiul acceptance/delivery review for each systém;

c) describe FCA and PCA plans;

d) describg¢ a standard acceptance/delivery review data package that includes SVLmésults, ar] “as-
tested” est report, test summary including environment test history, test anomaly~and dispodition
summary, NRB/PMPCB summary (including approved/waived part lists), deviations/wajivers
summary, disposition status of action items generated at associated system’s CDR, TRR, and test
data reyiew, and disposition status of all the issue/concern items, FCA and”’PCA results assocjated
with eath space system.

B.7.2 Deljvery requirement
Each plan is|delivered at the time of SRR, SDR, PDR, CDR, and acceptance/delivery review.
B.8 Verification issue/watch list management plan for space system, segment,
higher level external IF, and module
B.8.1 Outline for verification-related issue /watch list management plan
The outline |s generally common to each of the plans for space system, segment, higher-level programme
external IF, module, and key subcontractor aiid vendor providing systems.
It explains the WBS-WG-based issuefwatch list identification and resolution management apprpach,
in which the WG experts identify and disposition verification related-risk items in a proactivg and
continuous manner to ensure that potential risks are identified and resolved in a timely mannger to
reduce the likelihood that late Changes or post launch failures will occur. Issue/watch list items| may
include thosg relating to verification of requirements, design/analysis, manufacturing, test, acceptgnce/
delivery reviiew, and others\as appropriate.

a) Verification-related issues may include those that impact cost, performance, and/or scheidule;
require|consultation with an upper-level WBS-WG and ultimately may become programmeilevel
risks if hot'resolved by the WBS-WG in a timely manner.

b) Watch Iist {or concern] items are those that have either been judged to be low risk and do not
require a formal risk handling plan or have not been included in a formal risk management process
but can be included should their probability and/or consequence of occurrence increase sufficiently
to exceed the minimum threshold established for evaluating candidate risks.

c¢) Explain the approaches/methods and issue/watch list documentation format for capturing/
tracking each item in terms of origination date, area/synopsis, responsibility/assignment, status,
resolution approach, and approval authority/status.

d) Explain the approaches/methods for raising high risks and selected medium risks to the upper-
level WBS-WG and to the programme-level risk management board as warranted.
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B.8.2 Delivery requirement

Each plan is delivered/reviewed at the time of SRR, SDR, PDR, CDR, and acceptance/delivery review.
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Annex C
(informative)

Deliverable/review documents associated with each verification
management rrocess

The lanni g and nragrace accnciatad uath cnaca cuctamce uarification nraagramaan and oo an ent
p o-and-progress-associated-with-space-systems—verification-programmeahdrranage

process is neviewed for each of the prime contractor, subcontractors, and vendors as expldihed in
Table C.1;

a) VM progess 1: requirement flow-down and establishment of specification;
b) VM progess 2: verification cross-reference matrix (VCRM);

c) VM progess 3: integration and environment test (I1&T);

d) VM pro¢ess 4: specification verification ledger (SVL);

e) VM progess 5: acceptance/delivery review;

f) VM progess 6: verification-related risk and issue/watch list mahagement.
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Table C.1 — Space systems verification programme and plan developments and reviews
requirements for prime contractor, subcontractors, and vendors

Verification Acceptance/
programme | Deliverable REP SRR SDR PDR CDR MRR and delivery

and manage- | documents TRR .

review
ment process

Space system |Space system |Propose Review Review initial | Review Review CDR |Review draw-

verification verification |end-to-end end-to-end verification |preliminary [verification |ingsand test

programme programme |verification |verification |plansforall |verification |plansforall |procedures

and planning |plan programme |programme |levels plans forall |levels

and plan and plan levels
VM process 1 |Specification |Propose top |Review top Review initial | Review Review CDR Verify no
system levels |system levels |specsforall [preliminary |[specs forall requirement
specs specs levels specifications|levels discrepancy
for all levels

VM pijocess 2 |VCRM plan Propose Review Review Review Review CDR |Review post-

and results end-to-end end-to-end initial VCRM |preliminary |VCRM results J.CDR VCRM
system VCRM | system VCRM | plan for ea. VCRM results | (analysis, results
plan plan requirement |(analysis, development, ['(verify by in-
for all specifi- | development, |and life fests) | spection and
cations and life tests) demonstra-
tion including
MRR)

VM prjocess 3 |Accept, qual, |Propose Review Review initial | Review Review final |Review Verify all
or proto-qual |end-to-end end-to-end I&T plan for |prelimindpy |complete I&T |detailed test ||system levels
I&T plan, I&T process |system I&T all levels I&T planfor |plan forall procedures ||passed I&T
procedure plan all levels levels for all levels
and results (TRR)

VM pifocess 4 |SVL planand |Propose Review Review initial{Review Review CDR |Review post- || Verify SVL
results end-to-end end-to-end SVL plan fory, | preliminary |SVL docu- CDR SVL complete for

process SVL planning |all levels SVL docu- ments (most- |documents each require-
ments (most- |ly analysis, (development | ment of all
lyregarding |demonstra- |tests, demon-||specifications
analysis) tion) stration,
inspection)

VM prjocess 5 |Acceptance/ |Propose Review Review initial | Review Review CDR | Review Review all
delivery end-to-end end-to-end plan for all preliminary |acceptance post- CDR required
review plan |process process levels acceptance documents acceptance acceptance
and results documents documents data

VM prjocess 6 |Verification |Propose Review Review Review Review CDR | Review post- || Verify all
issue/watch |end-to-end end-to-end detailed plan |preliminary |lists for each |[CDRlists for [|Issue/Watch
listplanand |system plan * |system plan |foralllevels |listsforeach |level each level list Items
results level resolved
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Annex D
(informative)

Contents of specification verification ledger (SVL)

Use of the SVL ensures that each requirement of a specification has proof of verification, as well as
traceability to the responsible party and the appropriate documents/data set. The SVL generally
consists of g traditional verification cross-reference matrix, which specifies the verification methad
each requir
well as whigh document captures the verification results.

NOTE It

Table D.1 de|
The orderin

a)

b)
c)

d)

f)

22

ement of a specification and also identifies who performed the verification and whei

is the same as individual specification dedicated verification ledger (ISDVL) in AIAA)S-117.

fines a minimum set of contents that is included in an SVL using an exemplar space sy}
o of columns is tailorable but re-ordering may impact ledger compatibility.

The firgt column, “Paragraph or requirement number,” identifies the fequirement or parag
numbers designated in a specification.

The sec

bnd column, “Requirement description,” provides a synopsis of each requirement.

The third column, “Verification method,” indicates the assigned verification method for

require

The fou

ment.

rth column, “Verification level,” identifies at what level of space system the requiremg(

actually verified. It should be noted that it is possible that some of the requirements (specif
some system-level space system specification requirements) are necessarily verified at this

Some of these requirements can be directly flowed-down to lower-level specifications wher
actual verification takes place. This columuis particularly useful for the verification planning

accepta
subsyst

hce of a higher-level space, launhch and ground, since it identifies a particular unit
em where the requirement has been or is to be verified.

The colimn, “Responsible person.or department,” identifies the designated parties responsib
performing the verification and-will help those individuals with regard to discussions/inq

about p

The “D
summa
reports

anning or the results:

ocumentation’~celumn, which consists of two sub-columns (“Verification appr
'y” and “Verification product”), is a summary of the verification and the data pacK
This columiris important because it forces official publication of the data.

d for
e, as

tem.

raph

each

ent is
cally
evel.
e the
r and
s) or

e for
iries

oach
age/
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