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Date SES In Class Deliverables 

Aug, 1 01 
[LEC-000] Course Introduction 
[LEC-001] SE Review 

- 

Aug, 8 02 [LEC-002] Global Verification Process [PRD-001] System Description & Architecture 

Aug, 15 03 
[LEC-003] Tool and Processes to 
Verification 

[PRD-002] System DSM 

Aug, 22 04 [LEC-004] Life Cycle, Reviews & Baselines [PRD-003] Revised Requirements 

Aug, 29 05 
[LEC-005] Model Philosophy [PRD-004] Verifications per Requirement 

through the Life Cycle 

Sep, 5 06 [LEC-006] Preparing to test Campaigns [PRD-005] Models 

Sep, 12 07 [LEC-007] Planning V&V [PRD-006] Test Articles, Procedures & VCD 

Sep, 19 08 
[TST-001] V&V Conceptual Questions 
[PRD-007] DRAFT V&V Plan Presentation 

[PRD-007] DRAFT V&V Plan (DVM) 

Sep, 26 Week off 

Oct, 03 09 [LEC-008] AIT Process [PRD-008] End to End Test Articles 

Oct, 10 10 
[LEC-009] Critical Events & 
Environmental Tests 

[PRD-009] AIT Activities through the Life Cycle 

Oct, 17 11 [LEC-010] Testing Facilities [PRD-010] Vehicle and On-Orbit Testing 

Oct, 24 12 [LEC-011] Planning AIT [PRD-011] Facilities  

Oct, 31 13 
[LEC-012] GSEs 
[LEC-013] SCOE/OCOE 

[PRD-012] AIT Flows & Activity Log 

Nov, 07 14 [LEC-014] Launching Campaign  [PRD-013] GSEs 

Nov, 14 15 
[LEC-015] Trends / MBSE / Industry 4.0 [PRD-014] AIT Task Sheets 

[PRD-015] Vehicle Integration & Launching Plan 

Nov, 21 16 
[TST-002] AIT Conceptual Questions 
[PRD-016] V&V & AIT Plans Presentation 

[PRD-016] V&V & AIT Plans 

Nov, 28 
EXAM:  Design of an AIT Facility to ITA's SmallSat Projects 

Dez, 05 

 



Phase A – Concept and 
Technology Development

Phase B – Preliminary Design 
and Technology Completion

Phase C – Final Design and 
Fabrication

Phase D – System Assembly, 
Integration and Test, Launch

Phase E – Operations and 
Sustainment

Phase F – Closeout
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Summary

•V&V Introduction 

• Types of Verifications / Validations Procedures



AIV Introduction



How do we ensure the quality of a
Aerospace Engineering Product?
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http://capella.artal-group.com/vv-and-test-means/



From a process perspective, the Product Verification
and Product Validation processes may be similar in
nature, but the objectives are fundamentally different:



Verification



What is verification?
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Verification

•VERIFICATION of a product shows proof of compliance
with requirements - that the product can meet each
“shall” statement as proven though 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, system verification asks the question: Does

the system meet its requirements?
• Requirements verification asks the question: Does the system

indeed meet this particular requirement?



Verification

•VERIFICATION testing relates back to the approved
requirements set and can be performed at different
stages in the product life cycle.
• The approved specifications, drawings, parts lists, and other

configuration documentation establish the configuration
baseline of that product, which may have to be modified at a
later time.

• Without a verified baseline and appropriate configuration
controls, later modifications could be costly or cause major
performance problems.



Validation



What is validation?

14



Validation

•VALIDATION of a product shows that the product
accomplishes the intended purpose in the intended
environment - that it meets the expectations of the
customer and other stakeholders as shown through
performance of a test, analysis, inspection, or
demonstration.

•VALIDATION is a process of confirming that a set of 
requirements, design or system meets the intent of the 
developer or customer.



Validation

•VALIDATION relates back to the ConOps document.

•VALIDATION testing 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 in each development
phase using phase products (e.g., models) and not only at
delivery using end products.



OBS.: Requirements Validation

• Requirements Validation is the process of confirming the
completeness and correctness of the requirements.
• Requirements Validation answers the question: “Are the

system design requirements correctly defined and mean what
we intended?”
• (Design) Validation is the function of ensuring that the design

developed for the system will result in a system that meets the
operational needs of the customer.

• This is done before the system is built and then verified.
• Design is validated against the needs and the system is

verified against the design.



•When does requirements validation take place?
• Before design and during detailed design, i.e., mostly in Phase

B and tapering down in Phase C
• Ideally, completed prior to System Requirements Review (SRR)

•What is the importance of getting requirements
validation right early in the project life cycle?
• So when it comes time to verify the system, you are verifying

to the right requirements.
• Changing requirements late in the game - verification occurs in

Phase D prior to launch - has negative impacts to cost and
schedule



Comparing



Validation x Verification

•VERIFYING A
SYSTEM: Building
the system right:
ensuring that the
system complies
with the system
requirements and
conforms to its
design.

•VALIDATING A SYSTEM:
Building the right system:
making sure that the system
does what it is supposed to do
in its intended environment.
Validation determines the
correctness and completeness
of the end product and ensures
that the system will satisfy the
actual needs of the
stakeholders.

X





Start of V&V Plan



Documents in 
Life cycle



Verification Objectives

• The overall objective of the Verification process is to
demonstrate, through a dedicated process, that the deliverable
product meets the specified requirements.
• The objectives of the process are as follows:

• a. PROJECT: to demonstrate the qualification of design and
performance, as meeting the specified requirements at the
specified levels;

• b. MANUFACTURING: to ensure that the product is in agreement
with the qualified design, is free from workmanship defects and
acceptable for use;

• c. ASSEMBLY: to confirm product integrity and performance at
particular steps of the project life cycle.

• d. INTEGRATION: to confirm that the overall system (including
tools, procedures and resources) can fulfil mission requirements.



Verification 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.



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



WHAT



HOW



WHEN



Verification & Validation Methods
“HOW”



How would you guarantee a system 
is working?

31



V&V Requirements Development

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

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

32

- On small projects, SE may make an attempt at method, phase, 
level, then have discipline experts review.  

- Larger projects, may use V&V Working Group or a series 
of Tabletops with Stakeholders (Disciplines, S&MA, Test, 
GSE, etc.)

• SE should ensure all requirements are verifiable as written 



Methods of V&V
4 FUNDAMENTAL METHODS DESCRIPTION

INSPECTION

➢ Visual examination of drawings or data
➢ Examining a direct physical attribute of the item itself

• dimensions
• weight
• physical characteristics
• color or markings

ANALYSIS

➢ Evaluation of data by generally accepted analytical techniques
• systems engineering analysis
• Statistics
• qualitative analysis
• analog modeling
• Similarity
• computer and hardware simulation  

➢ Can also be evaluation of data derived from lower level verifications.

DEMONSTRATION
➢ Showing that the use or operation achieves the results without detailed data

gathering.  Utilize physical models or mockups.
➢ Often associated with the “ilities” (accessibility, transportability, serviceability, etc.) 

TEST
➢ Operation of equipment during controlled conditions or when subjected to specified 

operational environments to evaluate performance  
➢ Test is the preferred method of V&V

33



Other Methods of V&V

• There are differing definitions within the community of practice.
• The key is for your Project to establish agreed-to definitions, then 

be consistent in using the terminology!
34

ADDITONAL METHODS DESCRIPTION

SIMILARITY

➢ Assessing by review of prior acceptance data that a system is similar or identical in design 
& manufacturing process to another system that has been previously qualified

➢ previous and current system predicted, or actual environments are similar
➢ Usually considered a subset of Analysis
➢ Is not used when either, or both, of the following conditions exist:

• The similar item used in the assessment was itself verified using similarity as the 
method

• Items of criticality 1 or 1R (i.e., loss of vehicle, life, or serious injury)

VALIDATION OF RECORDS
➢ The use of vendor-furnished manufacturing or processing records to ensure 

requirements have been met
➢ Often used for COTS products or products purchased to standards



Choosing a V&V Method

35

Programmatic 
Requirements

User/Payload 
Planner Guides

System 
Requirements

Experience 
Database

Assess 
Requirements 

to choose a 
Method

Input from 
Designers, Analysts, 

& Technicians

Provide 
method 

suggestion to 
Requirements 

Developer

Provide 
comments to 

method(s) 
chosen by 

Requirements 
Developer

➢Cost, risk, schedule, etc. 

➢Review these to look for any 
verification method required by the 
launch vehicle/carrier 

➢Research what methods have been used for 
similar requirements on other Projects.

OR



Choosing a V&V Method

36

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



“Choose a Method” Exercise
For the following requirements, which method(s) would you choose?

1.) The instrument shall withstand the vibro-acoustic environment specified in Section 3.2.2.3.3 of the IRD.

2.)  The instrument shall be capable of telescope pre-filter changeout without affecting mirror alignment criteria in 
Table 3. 

3.)  The hardware shall not exceed the envelope specified in Section 3.1.1.3.2 of the IRD.

4.)  The electronics box shall operate at 28+/-4 VDC.

5.)  The panel controls shall be user friendly to the crew.

6.)  The EEE part microcircuits shall be compliant with MIL-STD-883. 

7.)  The thermal control system shall maintain the hardware’s operating/non-operating temperatures identified in 
Table 1 while on-orbit.

8.)  The hardware shall not exceed 1100 lb (500 kg).

9.)  The system shall be designed to meet the factors of safety defined in MSFC-HDBK-505.

10.) The telescope shall meet the radiated emissions requirements of Paragraph 3.2.3 of the IRD
37



Suggested “Choose a Method” Exercise Answers

38

1.) The instrument shall withstand the vibro-acoustic environment specified in Section 3.2.2.3.3 of the IRD.

• Structural/Dynamic Analysis

• Functional Test (Pre-Vibration)

• Environmental Test (Vibration Test)

• Functional Test (Post-Vibration)

2.)  The instrument shall be capable of telescope pre-filter changeout without affecting mirror alignment criteria in 
Table 3. 

• Functional Test (Baseline)

• Demonstration

• Functional Test (Post Demonstration)

3.)  The hardware shall not exceed the envelope specified in Section 3.1.1.3.2 of the IRD.

• Envelope Analysis

• Inspection (Measure)

4.)  The electronics box shall operate at 28+/-4 VDC.

• Functional Test



Suggested “Choose a Method” Exercise Answers

39

5.)  The panel controls shall be user friendly to the crew.

• UNVERIFIABLE !!

6.)  The EEE part microcircuits shall be compliant with MIL-STD-883. 

• Validation of Records

7.)  The thermal control system shall maintain the hardware’s operating/non-operating temperatures identified in 
Table 1 while on-orbit.

• Thermal Analysis

• Environmental Test (Thermal Vacuum Test)

• Functional Test (During Thermal Vacuum Test)

8.)  The hardware shall not exceed 1100 lb (500 kg).

• Mass Properties Analysis

• Test (Weigh)



Suggested “Choose a Method” Exercise Answers

9.)  The system shall be designed to meet the factors of safety defined in MSFC-HDBK-505.

• Structural Analysis

• Test(s)

10.) The telescope shall meet the radiated emissions requirements of Paragraph 3.2.3 of the IRD

• Environmental Test (EMC Radiated Emissions Test)

• Functional Test (During EMC Test)



How to describe the interface 
connections?

41 [FINISHING LEC-001]



DSM – Design Structure Matrix
Subject of PRD-002

https://ocw.mit.edu/courses/aeronautics-and-
astronautics/16-842-fundamentals-of-systems-engineering-
fall-2015/lecture-notes/MIT16_842F15_Ses_8_Sys_Int.pdf



It is important to identify the interfaces.

• Complex systems have many 
interfaces 
• Common interfaces reduce 

complexity 
• System architecture drives the 

types of interfaces to be utilized 
in the design process 

• Clear interface identification and 
definition reduces risk 

• Most of the problems in systems 
are at the interfaces. 

• Verification of all interfaces is 
critical for ensuring compatibility 
and operation



Systems Engineering usually deals with 4 types
of interfaces

•Physical Connection

• Energy flow (electrical, termal, RF, mechanical)

•Mass flow ( fluids, gases, solids)

• Information flow (data)



DSM Captures Connectivity Architecture



• 1. Define which product or system to model 

• 2. Assemble product documentation 

• 3. Create product breakdown structure 

• 4. Start a blank DSM spreadsheet for example in Excel 

• 5. Label the rows and columns of the DSM with both an ID number 1 ...N and a 
component/subsystem name 

• 6. Start by mapping all the physical connections in the system 

• 7. Double-check the physical connections 

• 8. Map out mass flows along physical connections 

• 9. Double-check mass flows from start to origin 

• 10. Map out the energy flows along physical connections 

• 11. Double-check energy flows from start to finish 

• 12. Map out information flows following physical connections 

• 13. Double-check information flows in the system 

• 14. Map interactions (flows) in the system that do not follow physical connections 

• 15. Reorder the DSM to reveal “modules” 

• 16. Double-check accuracy of DSM 

• 17. Sign off and publish



Class Ending



• [PRD-002] System DSM 
• Watch:

• https://www.youtube.com/watch?v=4DCy1mjgOLc

• https://ocw.mit.edu/courses/aeronautics-and-astronautics/16-842-fundamentals-of-systems-
engineering-fall-2015/class-videos/session-8-systems-integration-and-interface-management/

• All Class: Create one PBS and one main DSM in the Space Segment Element Level

• On the Google Drive, use the 2 diagrams as source (research the datasheets)

• Each group: create the DSM per subsystem
• AOCS

• EPS

• OBC

• TT&C

• STRU

End of Lecture

Main DSM

SS  A 
DSM

SS E DSM

https://www.youtube.com/watch?v=4DCy1mjgOLc
https://ocw.mit.edu/courses/aeronautics-and-astronautics/16-842-fundamentals-of-systems-engineering-fall-2015/class-videos/session-8-systems-integration-and-interface-management/


Analysis ( Verification & Validation )

• 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. 

• 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. 



Demonstration (Verification & Validation)

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

• 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. 

• 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 
behavioral capability, differentiated from 
testing by the lack of detailed data 
gathering. Demonstrations can involve the 
use of physical models or mock-ups; for 
example, an expectation that controls are 
readable by the pilot in low light conditions 
could be validated by having a pilot 
perform flight-related tasks in a cockpit 
mock-up or simulator under those 
conditions. 



Inspection (Verification & Validation)

• 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. 

• The visual examination of a realized 
end product. 

• Inspection is generally used to 
validate the presence of a 
physical design features or 
specific manufacturer 
identification. 

• For example, if there is an 
expectation 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 
expectation has been met. 



Test (Verification & Validation)

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

• 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 information at discrete 
points for each specified 
expectation under controlled 
conditions and is the most 
resource-intensive validation 
technique. 



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.


