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Definitions



Verification

• The verification of a product shows proof of compliance with 
requirements – the product can meet each ”shall" claim as proven 
through the performance of a test, analysis, inspection or demonstration 
(or combination of these). 

• Verification is a process of confirming that a requirement or system is 
compliant. 
• In other words, the system checker asks the question: Does the system meet your 

requirements? 

•  The requirements checker asks the question: Does the system really meet this 
specific requirement?



Validation

• VALIDATION refers to the ConOps document.

• VALIDATION is conducted under realistic conditions (or simulated 
conditions) on end products for the purpose of determining the 
effectiveness and suitability of the product for use in mission operations 
by typical users. 

• VALIDATION can be performed at each stage of development using phase 
products (e.g. models) and not just at delivery using end products. 



NOTE: Requirements Validation

• Requirements Validation is the process of confirming the completeness 
and correctness of requirements.

• Requirements Validation answers the question: “Are the requirements 
correctly defined and mean what they should?”

• (think) Validation is the function of ensuring that the design developed 
for the system will result in a system that meets the customer's 
operational needs. 
• This is done before the system is built and then checked.

• The project is validated against the requirements and the system is checked 
against the project.



•When does requirements validation occur?
• Before the detailed design, i.e. mainly in Phase B and 

decreasing (ended) in Phase C
• Ideally, completed before the System Requirements Review 

(SRR) but.. it never happens and hopefully ends on Phase B

•What is the importance of getting requirements 
validation early in the project lifecycle?
• So when it comes time to check the system, you're checking 

the right requirements. 
• Changing requirements at the end of the project - verification 

occurs in Phase D before launch - has impacts on cost and 
schedule.



Global Verification Process
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Approach

• The basic verification approach shall be derived through an iteration 
process, based on technical / cost / schedule considerations, which 
defines the what, how, where, and when of verification by:

1. Identifying a consistent set of verifiable project requirements which can be 
subjected to the verification process;

2. Selecting methods of verification;

3. Selecting levels of verification and the associated model philosophy;

4. Selecting facilities;

5. Identifying resources required;

6. Identifying the stages and the events in which the verification is implemented.
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Questions:

• What are the products 
and requirements 
subject of the 
verification process?

WHAT

• How to verify them by 
considering the 
methods stated in the 
technical specification 
and the System level?

HOW • When to implement 
by applying the 
chosen verification 
strategy?

WHEN
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WHAT
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HOW
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WHEN



Process flow
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Life-cycle and Reviews / 
Verification Stages
NPR 7123.1

(when)
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Life cycle definitions

• A project is divided into distinct life cycle phases.
• Pre‐Phase A: Concept studies

• Phase A: Concept and technology development

• Phase B: Preliminary design and technology completion

• Phase C: Final design and fabrication

• Phase D: System assembly, test and launch

• Phase E: Operations and sustainment

• Phase F: Closeout or disposal
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Control gates

• These phases are separated by control gates ‐ typically associated with a 
major project review, such as preliminary design review (PDR).

• Each project phase has a distinct purpose and set of products.

• At the end of each phase a new system baseline —or an agreed‐to set of 
requirements, designs, or documents — is established.

• A system baseline is the point of departure for the development work in 
each new phase.
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Reviews

• A technical review is an evaluation of the project, or element thereof, by a 
knowledgeable group for the purposes of:
• a. Assessing the status of and progress toward accomplishing the planned 

activities.
• b. Validating the technical tradeoffs explored and design solutions proposed.
• c. Identifying technical weaknesses or marginal design and potential problems 

(risks) and recommending improvements and corrective actions.
• d. Making judgments on the activities’ readiness for the follow-on events, 

including additional future evaluation milestones to improve the likelihood of a 
successful outcome.

• e. Making assessments and recommendations to the project team, Center, and 
Agency management.

• f. Providing a historical record that can be referenced of decisions that were made 
during these formal reviews.

• g. Assessing the technical risk status and current risk profile.
21
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Verification Stages/Phases

• The verification process shall be implemented in subsequent verification 
stages all along the program life cycle.

• The stages depend upon project characteristics and identify a type of 
verification.

• The classical verification stages/phases are:
• I. Development

• II. Qualification

• III. Acceptance

• IV. Pre-launch

• V. In-orbit

• VI. Post-landing
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Stages

• I.DEVELOPMENT - In this stage the verification objective shall be to 
demonstrate that the design meets all applicable requirements.

• II.QUALIFICATION - In this stage the verification objective shall be to 
demonstrate that the design meets all applicable requirements and 
includes proper margins.

• III.ACCEPTANCE - In this stage the verification objective shall be to 
demonstrate that the item is free of workmanship defects and integration 
errors and is ready for subsequent operational use.
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Stages

• IV.PRE-LAUNCH - The verification objective of the pre-launch stage shall 
be to verify that the article is properly configured for launch and early 
operations and, to the extent practicable, it is capable to function as 
planned for launch.

• V.IN-ORBIT - This stage is valid for projects whose characteristics (e.g. 
mission or in-orbit operations) require in-orbit verification.
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Verification – Execution X Stages X Baselines
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Verification & Validation Methods
“HOW”



V&V Requirements Development

• V&V information should be developed concurrently with system 
requirements 

• Systems Engineer (SE) works with Requirement Owners to help establish 
methodology to verify the requirements

30

- On small projects, SE may try at method, phase, level, then 
have discipline experts' review.  

- Larger projects, may use V&V Working Group or 
a series of sessions with Stakeholders.

SE should ensure all requirements are verifiable as written 



• The use of mathematical modeling and analytical techniques to predict 
the suitability of a design to stakeholder expectations based on 
calculated data or data derived from lower system structure end product 
verifications. 

• Analysis is generally used when a prototype; engineering model; or 
fabricated, assembled, and integrated product is not available. Analysis 
includes the use of modeling and simulation as analytical tools. A model is 
a mathematical representation of reality. A simulation is the manipulation 
of a model. Analysis can include verification by similarity of a heritage 
product. 

Analysis



• Showing that the use of an end product achieves the individual 
specified requirement. 

• Showing that the use of an end product achieves the stakeholder 
expectations as defined in the NGOs and the ConOps. 

• It is generally a basic confirmation of performance capability, differentiated from 
testing by the lack of detailed data gathering. Demonstrations can involve the 
use of physical models or mock-ups; for example, a requirement that all controls 
shall be reachable by the pilot could be verified by having a pilot perform flight-
related tasks in a cockpit mock-up or simulator. A demonstration could also be 
the actual operation of the end product by highly qualified personnel, such as 
test pilots, who perform a one-time event that demonstrates a capability to 
operate at extreme limits of system performance, an operation not normally 
expected from a representative operational pilot. 

Demonstration



• The visual examination of a realized end product. 

• Inspection is generally used to verify physical design 
features or specific manufacturer identification. 

• For example, if there is a requirement that the safety arming pin has a red 
flag with the words “Remove Before Flight” stenciled on the flag in black 
letters, a visual inspection of the arming pin flag can be used to determine 
if this requirement was met. Inspection can include inspection of 
drawings, documents, or other records. 

Inspection



• The use of an end product to obtain detailed data needed to verify 
performance or provide sufficient information to verify 
performance through further analysis. 

• The use of an end product to obtain detailed data needed to determine a 

behavior or provide sufficient information to determine a 
behavior through further analysis. 

• Testing can be conducted on final end products, breadboards, 
brassboards, or prototypes. Testing produces data at discrete points for 
each specified requirement under controlled conditions and is the most 
resource-intensive verification technique. As the saying goes, “Test as you 
fly, and fly as you test.” 

Test



Other types

• Review of Design
• When verification is achieved:

• by validation of records or 

• by evidence of validated design 
documents or 

• when approved design reports, 
technical descriptions, engineering 
drawings unambiguously show the 
requirement is met, the method shall 
be referred as “Review-of-design”.

• Process Control:
• Process control values are accepted 

as evidence of requirements 
compliance.  

• Process factors are known, measured, 
and held to predetermined targets. 

• It is used to show dependability and 
consistency of process results. 
Process Control cannot be used to 
show that a system/component 
design complies with requirements.



Choosing a V&V Method
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Choosing a V&V Method
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Test used when:

*Analytical techniques do not produce adequate 
results

*Failure modes exist which compromise safety, 
space systems or mission objectives

*Components associated with critical system 
interfaces

Demonstration used when:

*Verification of designed functions can be 
performed through observation

*Results tend to be “pass/fail”, “yes/no”

*Requirements are more subjective in nature such 
as human factors or maintainability

*Uses actual or representative flight systems

Inspection is used when:

*Drawings, documents or data can be visually 
checked to verify that the physical characteristics 
have been designed into the product

*Typically used for design features, construction 
methods, workmanship, dimensions and records

Analysis is used when:

*Accurate analytical techniques are possible

*Test is not a cost effective option

*Verification by inspection is not adequate

*Analytical techniques and models have been 
validated



Model Philosophy



Model Philosophy Definition

• Model philosophy shall be defined by means of an iterative process which 
combines: 
• programmatic constraints, 

• verification strategies and the 

• integration and test programme, considering the development status of the 
candidate design solution.

• Model philosophy shall be defined early in the project and frozen as soon 
as possible due to its impact on the project implementation.





Selection of Models

• Models shall be selected defining the optimum number and type of 
physical models required to achieve a high confidence in the product 
verification with the shortest schedule and a suitable weigh of costs and 
risks .

• The are various types of models and model philosophies. Their 
applicability depends on the specific project requirements .

• Model philosophy shall be defined early in the project and frozen as soon 
as possible due to its impact on the project implementation



Typical Model Philosophies

• Typical model philosophies are prototype, protoflight or a mix of the two called 
”hybrid philosophy”.

1. Prototype Model Philosophy 
• This approach is generally used in projects for which all affordable measures are taken to achieve 

minimum risk.

2. Protoflight Model Philosophy 
• Model philosophy based on a single model (Protoflight Model) to be flown after it has been 

subjected to a protoflight qualification and acceptance test campaign.
• Typical philosophy for projects with no technology critical design and compromise permitted to 

reduce cost accepting a medium risk.

3. Hybrid Model Philosophy
• Model philosophy representing a compromise between prototype and protoflight approaches. It is 

based on a protoflight model on which a partial protoflight qualification test campaign is carried out. 

• Specific qualification test in the critical areas are carried out on dedicated 
models.



Prototype Philosophy

• This approach is generally used in projects for which all affordable 
measures are taken to achieve minimum risk. 

• The typical characteristics of these projects are:
• new and/or complex design;

• impossibility to be recovered or repaired after launch;

• special mission requirements.

• The advantages of this approach are:
• low risks;

• possibility to perform parallel activities on different models;

• completion of qualification activities prior to acceptance;

• possibility to use QM or EQM as an integration spare during high level activities.

• The disadvantage is high costs.



Protoflight Philosophy

• The pure protoflight approach is based on a single model (Protoflight 
Model) to be flown after it has been subjected to a protoflight 
qualification and acceptance test campaign. 

• This approach is applied to projects whose characteristics are:
• no critical technology is employed in the design;
• qualified hardware is extensively used;
• compromise is permitted to reduce cost, accepting a moderate level of risk.

• The advantage of this approach is its low cost.

• The disadvantages are:
• increased risks;
• serial activity flow on the same model;
• contextual qualification and acceptance Activities;
• no integration spares



Hybrid Philosophy

• This philosophy is a compromise between prototype and protoflight 
approaches. 

• The hybrid model philosophy is used in projects where advanced qualification 
activities shall be performed in areas of new design or in areas having a critical 
impact on the verification programme.

• The hybrid approach always assumes a protoflight model be flown after a proto-
flight test campaign whose scope is reduced with respect to that of the pure 
proto-flight approach.

• Specific qualification tests in the critical areas are carried out on dedicated 
models. In these areas only acceptance testing is performed on the PFM.

• The advantages and disadvantages of this approach are intermediate between 
those of the prototype and the protoflight approaches in terms of risks, costs 
and schedule.



Models Definition -Applicability 







Model execution sequence



Facilities
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Pupose of an AIT facility

• The AIT building is an environmentally controlled laboratory constructed 
to accommodate the testing requirements of both ground-based 
instruments and fully qualified space-flight hardware.

• It is specifically designed to permit the assembly, integration and test or 
verification of spacecraft components, equipment, instruments, satellite 
modules and systems.
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Common test facilities

• These are required to fulfill the subsystem/system testing requirement and 
may include some or all of the following facilities :
• Satellite integration clean room;
• Vibration Tests facility – dynamic tests;
• Vibration Test facility – static load tests;
• Acoustic Test facility;
• Mass Properties, Dynamic Bal & Spin tests facility;
• Thermal Vacuum Test facility;
• EMC Tests facility;
• Antenna Gain & Pattern Diagrams facility;
• Solar Array Test facility;
• Magnetic Tests facility;
• Global leakage test facility;
• Space Qualified welding facility;
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• The test facility also must be equipped with:
• a) cranes,
• b) vacuum systems,
• c) compressed air systems,
• d) Fire detection and protection and environmental monitoring
• e) system which monitor the clean room temperature, air pressure 

as well as humidity.

• These are considered as necessities for the operation of a 
satellite test facility.

• Besides the above-mentioned areas, the AIT building also 
housed office space for engineers, technicians and 
administration staffs, meeting rooms, and utilities such as
• a) bathroom, security and control room,
• b) communication room as well as network room.

• These areas are kept in normal environment condition.53



I’ve worked for a period at this AIT Facility at
INPE

54
https://www.gov.br/inpe/pt-br/area-conhecimento/montagem-integracao-e-testes. 
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Tests using models



Model Definition x Testing

S/C 
MODEL 

TEST OBJECTIVE TEST TO BE PERFORMED 

FM Subsystem to Subsystem Compatibility 
Interface completeness and redundancies 
Integration of on board software 
Full implementation of Procedures : Electrical/Mechanical 
Satellite Alignment 
Electrical Acceptance of Satellite 
Mechanical Acceptance of Satellite 
Thermal Acceptance of Satellite 
Validation of S/C to Ground Segment/Launcher data 
compatibility 

• Electrical Integration tests 
• Functional Performance tests 
• EMI/EMC check 
• Magnetic Balance 
• Alignment 
• Mass Properties 
• Vibration Test 
• Acoustic 
• Leakage 
• Thermal Vacuum Test + Thermal Balance Test 
• Ground Segment/Launcher data 

Compatibility 



Model Definition x Testing

S/C 
MODEL 

TEST OBJECTIVE TEST TO BE PERFORMED 

PFM Subsystem to Subsystem Compatibility 
Interface completeness and redundancies 
Integration of on board software 
Full implementation of Procedures : Electrical/Mechanical 
Satellite Alignment 
Electrical Acceptance of Satellite 
Mechanical Acceptance of Satellite 
Thermal Acceptance of Satellite 
Validation of S/C to Ground Segment/Launcher data 
compatibility 

• Electrical Integration tests
• Functional Performance tests 
• RF Compatibility check 
• Magnetic Balance 
• Alignment 
• Mass Properties 
• Vibration Test 
• Acoustic 
• Leakage 
• Thermal Vacuum Test 
• Ground Segment/Launcher data 

Compatibility 

GSE GSE Validation Test 
Software commissioning 
AIT personnel training 

• Satellite / EGSE Interfaces validation
•  MGSE loads 
• SCOEs/SCOEs/OCOE interfaces verifications 



Model Definition x Testing

S/C 
MODEL 

TEST OBJECTIVE TEST TO BE PERFORMED 

SM Mechanical Design Validation • Vibration: low level/sinus/random
• Launcher Compability Tests
• SAG Deployment Test
• Mass Properties: Mass/COG/MOI

STM Thermal Deisign Validation • Thermal Balance Test

RFM RF Design Validation • Far Field Antennas Measurements

EM Electrical Design Validation
Subsystem to Subsystem Compatibility
Interface completeness and redundancies
Integration of on board software
Implementation of Procedures : Electrical/Mechanical

• Electrical Integration Tests
• Functional Performance Tests
• EMI/EMC RE/RES/CE/CS



Associations

• Associate 
• The products with their relative models

• The models with the tests that will be performed

• The models with the facilities



Product x Models



Product Matrix - Example



Test x Models



Test facilities x Satellite Models



Success Criteria

https://ndiastorage.blob.core.usgovcloudapi.net/ndia/2011/tes
t/11570MondayScukanec.pdf64



• The Product Verification/Product Validation success criteria provide 
the detailed and specific criteria that determine the successful 
completion of the verification/validation planning activities. 

• Product Verification/Product Validation success criteria are 
submitted as part of the PDR data package (ideally) and 
established (prepared) at least 90 days prior to the start of the 
verification/validation activity to provide sufficient time to develop 
and publish the procedures.

65

Success Criteria
MSFC-HDBK-3173
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DVM – Design Verification Matrix
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• The verification strategy should be reflected in a verification matrix that 
indicates, for all requirements: 

• The verification methods selected for (hows / where)

• The different levels of verification (what)

• verification phases applicable. (when)

70
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74 https://www.faa.gov/sites/faa.gov/files/2022-02/VVSPT-E5-GDE-017_VRTM_V3.0.pdf



Final Remarks
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Assignment
• Review your project and from the use case, write: (4-10) (min 2 functional) 

system level requirements. (we will decompose one into the next classes 
and make a requirement verification plan using test)

• Add the Verication Method & Verification Success Criteria

• Review / Reorganize in one DVM (id/ title/ statement/ rationale/ trace(s)/ 
method(s) / successcriteria(s) / verificationcase(s) /facility(ies) /phase(s))

Raw Needs

Add verificationReq Set

Grading Criteria:
1. EARS / INCOSE Rules checked
2. Attributes checked
3. Coherent Method x Success
4. Reorganization
5. Functions identified.
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