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“Problems ¢
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Mission System
Requirements Demonstration
& Priorities & Validation

Develop System Integrate System &
Requirements & Verify
System Architecture Performance Specs

Allocate Performance
Specs & Build
Verification Plan

Component
Integration &
Verification

Verify
Component
Performance

Design

Components

Fabricate, Assemble,
Code &
Procure Parts
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“The Need for Systems Thinki n‘g”

-

System Level

Subsystems

Components

. https://twitter.com/AlbertEinstein/status/1 706444239926603967/photoﬂ

created them.”
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- Purpose

Provide general gwdance and prehmmary information on employmg
Systems Engineering for the Space Sector -

-

Ob Jeetlves

Copyright © 2023 New Space Tech.

Tram raise awareness, and encourage human resources in the use of Systems
~ & = Engineering tor the Space Sector
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Defining ”Sys_te m” | .
) . A SYSTEM IS |
| <'set, combination, group, coIIectlon conflguratlon arrangement organlzatlon>

OF

< parts, com-ponents, objects, subsystems, entities>
<combined, integrated, organized, configured, arranged>

IN A WAY THAT
| < creats, enable motivates> . .
<propert|es functlons processes#capabllltles behaviours, dlmen5|ons>

NOT

<possessed exhlblted presented>

BY THE

B < separate, individual, single>
<parts components eIements objects subsystems ent|t|es>

+

Copyright @'2[)2_3 New Space Tech.

Credits: Prof. Dr. Christepher S Cerquewa,k [TA, over Deﬂmng 'System”:-a Comprehenswe Approach. 27th Annual INCOSE International Symposium‘. 2017" .
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Definition of Systems Engineering

Systems Engineering is an
interdisciplinary approach and a
means to enable the realization of
successtul systems.

e T

3~--
e, ]
=t
m ‘
N -
S —
(] '!r,\
4
-C " =
o i .
5
ﬂ 0
]
(J

Ly

/‘,Source image: "Earth seen by the Artemis1 Orion capsule on Nov 16th, 20 :
<https://twitter.com/ThePlanetaryGuy>. Accessed on Nov 19th, 2022.
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Definition of Systems Engineering

SE Focuses on

e define customer needs;

e define the requirea
functionality early in the
development cycle;

e T

- ; ~

s : e document the requirements
0 ¥ and then proceed with
g - design synthesis and system
S | validation while considering
- - the complete problem.

& /. plete p

/‘,Source image: "Earth seen by the Artemis1 Orion capsule on Nov 16th, 20 :
<https://twitter.com/ThePlanetaryGuy>. Accessed on Nov 19th, 2022.
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|

.f:"S’GE

Hierachical Re-latiofnships for System of Interest (SO)

MARS DESICN REFERENCE ARCHITECTURE 5.0 MISSION PROFILE
(10) ~500 days onMars

In-Situ propellant production .-,

F (5 I '{ E et
for Ascent Vehicle 'S ]' h AL} Crew: Ascent to high Mars orbit

'Program Projects

Aerocapture /| Entry, Descent (3 ?FPEREAM
& Land Ascent Vehicle "=/ ‘f’f' Crew: Prepare . c cameras
Aerocapture Habitat Lander 5 : g _____ oy _ Tor Teane-Eorth SREPLOC
into Mars Orbit . -!‘—- q = Injection ; | T
I SO RIMFAX
(2) Cargo: (3) Crew: Use Orion to
=350 days _ transfer to Habitat Lander;

to Mars then EDL on Mars

{g) Crew: Jettison drop tank
_ i after trans-Mars injection
/ _ . ~180 days out to Mars

g - Crew: ~1
m Cargo - Hi.qkn Crew Transfer ﬁ\] rew: ~180 days "'..

fﬂﬂhiﬂlﬂﬂ Vehicle ~ back to Earth
| | 7) sLsC La h
e’ rew unc

, SLS Cargo (8) sLs Cargo Launches
4 Launches (14) Orion direct

I I i I =" Earth return
ﬂ i ~26 months
e

50

M’

Copyright © 2023 New Space Tech.

=30 months

Source: Adapted from by Dr. Paul Gfaf,,Adjunct Professor at the University of Colorado (SE NASA Course) and NASA JPL
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”SErequwe

Copyright © 2023 New Space Tech.

Scope

and disciplined set of -
processes that are applied
recurS/\/e/y and iteratively
for the des_|gn,
‘development, operation,
maintenance,
and closeout of systems
- throughout t

Site SystemaUc

—~

he life cycle of

NST-SSS-04 | Introduction t}o’Space System Engineering

the programs and projects.

Mércio Costa | SJC-SP, Sep 28th, 2023..
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{slge
Systems Englneering -Common Technlcal Processes

There are three sets of common techmca\
processes N a prOJect '
| Systems, de5|gn
Techmcal management and
| Product realization

Copyright @'2[323 New Space Tech.

-
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. =

System Design
Processes

Technical Management

Processes

Requirements Definition
Processes

1. 5takeholders Expectations
Definition
2. Techinical Requirements

Technical Planning
Processes

10. Technical Planning

Definition

Technical Solution
Definition Processes

3. Logical Decomposition
4. Design Solution Definition

Technical Control
Processes

11. Raquirement Management
12. Interface Management

13. Technical Risk Management
14. Configuration Management
15. Technical Data Management

Technical Assessment
Processes

16. Technical Assessment

L

Technical Decision
Analysis Process

17. Decision Analysis

Cross-
Cutting

&

L

Product Realization
Processes

Product Transition
Processes

Q. Product Transition

A

Evaluation Processes

. Product Validation
. Product Verification

+

Design Realization
Processes

. Product Integration
5. Product Implementation

L3

Source: Hirshom, S.R., Voss, L. D., and Bromiley, L. K.. NASA Systems Engineering Handbook. 2017.

NST-555-04 | Introduction to Space System Engineering

Marcio Costa | SJC-SP, Sep 28th, 2023.
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Systems design-
A set of recurring processes that result_in-
- a validated set of requirements.

Technical management & | .

Bndges betvveen tne prd ect management
,and the tecnn|ca| team.:

Copyright @'2[323 New Space Tech.

- Product reallzatlon -

“*

Products are produced and validated
against stakeholder expectations.

NST-SSS-04 | Introduction to Space System Engineering . : e e Mércio Costa | SJC-SP, Sep 28th, 2023..
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- Systems design

/? - Requirements definitions

Stakeholder Expectations

Design solution definition

NST-555-04 | Introduction to Space System Engineering

Introduction | Fundamentals | Life Cycle®| Requirements | MBSE

Logical decomposition

Marcio Costa | SJC-SP, Sep 28th, 2023. ‘
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74
A \“S'IGE,&

- Product realization

2 Design realization - ﬁ Evaluation processes
3 .
b= +*
o o
8 e .
S S
g - Product transition process

NST-SSS-04 | Introduction to Space System Engineering . : e e Mércio Costa | SJC-SP, Sep 28th, 2023. .
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LL-1= e Rewew Systems Englneerlng Phases

0 B C D
Mission | Feasibility| Preliminary | Detailed Production/ D:s-
Analysis, Definition | Definition | Ground Qualification A posal
Needs Testing

Identified

PRR SRR PDR . QR AR oan FRH

MPR SRR SDRPDR CDR

Copyright © 2023 New Space Tech.

Demon- | Engineering and | Production
stration Manufacturing and
Needs and Development Deployment
Analysis, | Validation
Concept
Development

- ' : D SRR SDR PDR' CDR

& Q

Credits image: J. R. Wertz, D. F. Everett, and J. J. Puscheli, “Space Mission Engineering - SMAD.”

NST-555-04 | Introduction to Space System Engineering
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Requirements | MBSE

. NASA Life-Cycle
e on FORMULATION i IMPLEMENTATION
Project Life-Cycle Pre-Phase A: Phase A: Phase B: Phase C: Phase D: Phase E: Phase F:
- Phases Concept Studies Concept and Preliminary Design Final Design and System Assembly, Operations and Closeout
lechnology and lechnology Fabrication Integration & lest, sustainment
Development Completion Launch & Checkout
Prﬂ]EBt Life- KDP El [ KDP C S KDP DN/ KDP F -""'..v.-"
Cycle Gates, VAY
Documents, and | preliminary Projec 1/ Preliminary /\ Baseline A\ End of Mission /N Final Archival /\
i Major Events Requirements < Project Plan— | Project Plan — e of Data &—>
Agency Reviews g
Human Space AN A
Flight Project ok 4 . VALY
Lifg-cyc:?é ’ SRR SDR PDR CDR: ORR FRR PLAR C EI'1F“
Reviews'? "‘ * T SPEGLNIA AN End of Flight )
: fe-cycle Refurbishment ant y
Re-flights
Robotic Mission
: Project Life Cycle A A SNSIN SN\ .
Reviews'* SRRMDR ORR MRRPLAR CERR!
Other Reviews }
Supporting .
= Reviews
FOOTNOTES ACRONYMS MDR - n Definition Aeview = g
II» ility is allowed as to tha '|'n|n:| number, and content of reviews as I ong as the -quw'ilr"ﬂ ASM - Acquisition Str MER 55 Heview &
- C COR-C RR - g
’ reviews and the CERR
e 2-5 and Appendix D T.-|l.IP. 0-3 of this handbook
A 3. PRR is needed only when there are multiple copies of systems. It does not require an SRB. Timing FLAR - | @
z ablished at the discretion of program FaL =
) ggiong, the SAR and the MDA may be combined, FAR -F ||.I" S0R - {/
gener al applies to human space flight KDP = Kay Eill’. fﬁ
- g of the ASM is determined by the MDAA, It may take place at any time during Phase A. = /
Heu 5 represent life-cycle i [ Ision Authorty, SYSTEMS ENNNEEH“\"} E
- Administrator, MDAA, or Center Dir =

-

NST-555-04 | Introduction to Space System Engineering
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Phase Purpose Typical Outcomes

Pre-Phase A To produce a broad spectrum of ideas and alternatives Feasible system concepts
Concept for missions from which new programs/projects can be In the form of simulations,
Studies selected. Determine feasibility of desired system, develop analysis, study reports,
mission concepts, draft system-level requirements, assess | models, and mock-ups
performance, cost, and schedule feasibility; identify
potential technology needs, and scope.

Pre-Formulation

SO R B . e ‘
PROBLEMS gmg, | ‘ . - :

NcoNcERTS . - =PRI IONS

Copyright © 2023 New Space Tech.
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Committed Costs in Concept Design

‘It has been stated that 80% of the eventual costs of a system are determined before the
first 20% of the funds have actually been spent.”

A 100% — — 95%
) Committed costs
% - E — 85%
B S 90% -
. T E
-~ = _
Lifecycle cost ) = 80%
committed - -
E 70%
=
2 S 60%
=
L
= 50% -
£
E 40% -
=
S
5 30% -
7 Management ”
leverage ...~ = 20% -
w
> S
@ Conceptual/ Detail Production Product use/ = 10% —
o preliminary design/ and/or support/phaseout/ =
f design development construction disposal o U %

Time >

Figure 1. Notional view of costs committed vs. costs incurred over time (Adapted from
W._ I. Fabrycky, Life Cycle Cost and Economic Analysis, Prentice-Hall, NJ, 1991 )

Source: _https://webb.nasa.gov/courses/aeronautics-and-astronautics/16-892j-space-system-architecture-and-design-fall-2004/. Accessed on Mar 21th, 2022; and
INCOSE-TP-2003-002-03 INCOSE SYSTEMS ENGINEERING HANDBOOK, version 3 June 2006

NST-SSS-04 | Introduction to Space System Engineering Marcio Costa | SJC-SP, Sep 28th, 2023.
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‘ Formulation

Phase A To determine the feasibility and desirability of a suggested | System concept definition
Concept and new system and establish an initial baseline compatibility in the form of simulations,
Technology with NASA's strategic plans. Develop final mission concept, | analysis, engineering models
Development system-level requirements, needed system technology and mock-ups, and trade
developments, and program/project technical management | study definition
plans.

Copyright © 2023 New Space Tech.

: - sysTEM - adh SR
CONCIRS™ REQMTS.' | By
y SRR
I ':; I it
VALIDATION | - |
" PLAN . r .

Nttps://www.nasa. gov/sﬁes/default/ﬂIes/thumbna|ls/|mage/seh figure_2-2_1_se_phases.png
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‘ Formulation

Phase B To define the project in enough detail to establish an initial End products in the form of
Preliminary baseline capable of meeting mission needs. Develop mock-ups, trade study results,
Design and system structure end product (and enabling product) specification and interface
Technology requirements and generate a preliminary design for each documents, and prototypes
Completion system structure end product.

g - - SUBSYSTM' 2l 2R
DRELIVE: il 5 - REQMTS.
DESIGN .

*

A -

Nttps.//www.nasa. gov/sﬁes/default/ﬂIes/thumbna|ls/|mage/seh figure_2-2_1_se_phases.png

PDR

Copyright © 2023 New Space Tech.

VERIFICATION '
PLAN YT

NST-SSS-04 | Introduction to Space System Engmeermg : ' e Mércio Costa | SJC-SP, Sep 28th, 2023.



Introduction_| Fundamentals | Life Cycle*| Requirements | MBSE

500-1000x
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Mission Concept Review CDR Critical Design Review
Systemn Requirements Review SIR System Integration Review
: ’ System Definition Review ORR Operational Readiness Review

Preliminary Design Review DR/DRR Decommissioning/Disposal Readiness Review

Adapted from INCOSE-TP-2003-002-04, 2015
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Implementation

Phase C To complete the detailed design of the system (and its End product detailed designs,

Final Design associated subsystems, including its operations systems), end product component
and Fabrication | fabricate hardware, and code software. Generate final fabrication, and software
designs for each system structure end product. development

DESIGN-TO- -

SPECS
‘ BUILD-TO- CDR
SPECS -
SIR

VERIFICATION .,
PROCEDURES,

https://www.sstl.co.uk/media-hub/latest-news/201 7755t|—se|ect‘ed—to—buiId;third—batch—of—galiqu—navigation—payloads

NST-SSS-04 | Introduction to Space System Engineering . : e e Mércio Costa | SJC-SP, Sep 28th, 2023.
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Implementation I

Phase D To assemble and integrate the system (hardware, software,
System and humans), meanwhile developing confidence that it

Assembly, is able to meet the system requirements. Launch and

Integration and prepare for operations. Perform system end product

Test, Launch implementation, assembly, integration and test, and
transition to use.

AS-BUILT

AS-VERIFIED

Copyright @'2[323 New Space Tech.

ANOMALIES_

NST-555-04 | Introduction to Space System Engineering

http://vv\_/vvv.inpe.br/noticias/noticia‘.php?Cod_Noticia=3162 -

Operations-ready system
end product with supporting
related enabling products

ORR

Marcio Costa | SJC-SP, Sep 28th, 2023.
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Implementation I

Phase E To conduct the mission and meet the initially identified
Operations and | need and maintain support for that need. Implement the
Sustainment mission operations plan.

AS-DEPLOYED:

Copyright @'2[)2_3 New Space Tech.

AS-OPERATED

| https://p_ortaIbids.com.br/2023/01-/13/sport—sina|—sate|ite/ -
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Y T

Phase F To implement the systems decommissioning/disposal plan | Product closeout
Closeout developed in Phase E and perform analyses of the returned
data and any returned samples
--~\ "‘“’Z,— __‘""."-"" > S e .t' s

= | : ' - hittps:/pt Iblds com.br 3/owow sinal:

i 4 | - =
L ¥ . "

:‘* :" Sept15 2014 e i T i~
et e TR ; : . -
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L

e

—

s M T

b



https://www.esa.int/Space_in_Member_States/Portugal/Cassini_conclui_missao_pioneira_em_Saturno
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Phase

Pre-Phase A
Concept
Studies

Pre-Formulation

Phase A
Concept and
Technology
Development

Phase B

Preliminary
Design and
Technology

Formulation

Completion

Phase C
Final Design
and Fabrication

Phase D
System
Assembly,
Integration and
Test, Launch

Implementation

Phase E
Operations and
Sustainment

Phase F
Closeout
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Mission
Requirements
& Priorities

Develop System

Requirements &
System Architecture

Allocate Performance

Specs & Build
Verification Plan

Design
Components

System
Demonstration
& Validation

Integrate System &

Verify
Performance Specs

Component
Integration &
Verification

Verify
Component
Performance

Fabricate, Assemble,

Code &

Procure Parts

Credits image: NASA SE Course
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System Level

Subsystems

Components
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- Verificatidn-_and Validation

Product \/enﬂcanon and Product \/a||dat|on processes may be similar in nature, but
the objectives are fundarnentally different:

Verification of a product shows proof of compliance with requirements—that the
“product can meet each “shall” statement as’ proven though pen‘orrnance QI8 test,

ana|y5|s |nspect|on or demonstranon

p '--*

Base_line:Speciﬂcati;ons, drawings, parts lists, and other. setup documentation.

-

Copyright © 2023 New Space Tech.

e Related to'tie Setefapproved requ'irementS'
° parformed at different stages of the product i'ecycle
° |t avmds high costs and performanc:e issues if later rnod|ﬂcat|ons are reqwred

NST-SSS-04 | Introduction to Space System Engineering ‘ : e e Mércio Costa | SJC-SP, Sep 28th, 2023..
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~Validation of a product.shows that the pf@du'ct'fulﬂlls its intended pUrpOSe in the
intended environment; P | |
e Determine the effectiveness and suitability of the product for use;

e Demonstration by conducting a test, analysis, inspection or demonstration;

e Performed under realistic or S|mula§§d conditions;

Copyright © 2023 New Space Tech.

e Validation is related to the ConOps document;

‘v

* |t can o performed at each stage of development usmg stage produc_ts." |

NST-SSS-04 | Introduction to Space System Engineering ‘ : e e Mércio Costa | SJC-SP, Sep 28th, 2023..



Introduction_| Fundamentals | Life Cycle-| Requirements | MBSE

@
\SIGE

Cost-effective

The objective of systems .engineering is to
ensure that the system is designed, built, and
operated as economically as  possible,
“considering performance, .cost, schedule, and
risk. | |

Objective: try to find designs-that pr@dee Eg
best combmann of cost and eﬁ‘ectweness . y

Copyright © 2023 New Space Tech.

Indeflnltlon thefe are usually many prOJects_ -
that meet the cost- beneﬂt cond|t|©n

NST-SSS-04 | Introduction t__o'Space System Engineering

Mércio Costa | SJC-SP, Sep 28th, 2023..



At each cost-effective solution:

'To reduce risk at constaht cosf

Copyright © 2023 New Space Tech.
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- To reduce cost at constant risk,

Introduction_| Fundamentals | Life Cycle-| Requirements | MBSE

oerformance must be reduced.

performance must be reduced

To reduce cost at constant performance h|gher risks must be accepted
- To reduce risk at constant perforﬁ'fance h|gher COSts must be accepted.

Mércio Costa | SJC-SP, Sep 28th, 2023..
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Pre Phase A: Concept Studies

a broad Spectrum of ideas and alternatives for missions

e Identify
. ldéntifyinitial

o Identlfy the roles and
_respon5|b|l|tles Ig] perfcarmlng
‘mission objectives (ie, = |

 technical team, flight, and . - - %

~ ground crew) including training

Co'pyright © 2023 New Space Tech.
LIKELIHOOD

‘-
L

Source |mage Ava||ab|e at <https //nesslabs. com/nasa risk-matrix>. Accessed on Nov 19th, 2022.

NST-SSS-04 | Introduction to Space System Engmeermg

CONSEQUENCE ——e
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)
S - Pre Phase A: Concept Studies

a broad Spectrum of ideas and alternatives for missions

Reqwrements | MBSE

olans o L LR

|m|narySEI\/IP e - :

baseline Technology Development Plan, :
v verification and valldatlon approach

° Develop
o Develop pre
o Develop anc
o Define

TABLE E-1 Validation Requirements Matrix .

Copyright © 2023 New Space Tech.

Validation
Product #

Unigue

identifier for

validation
product

Activity

Describe
evaluation
by the
customer/
sponsor
that will be
performed

Customer/
SpPONsor
will
evaluate
the
candidate

displays

Objective

What is to be
accomplished
by the
customer/
sSponsor
evaluation

1. Ensure
legibility is
acceptable 2.
Ensure overall
appearance is
acceptable

Validation
Method

Validation

method

for the
requirement
fanalysis,
inspection,
demonstra-
tion, or test)

Test

Facility
or Lab

Facility or

laboratory

used to
perform
the
validation

Phase

Phase in
which the

verification/

validation
will be

performed®

Performing
Organization

Organization
responsible for
coordinating
the validation
activity

Results

Indicate the
objective
evidence
that
validation
activity
occurred

Source image: Available at <https://vvvvvv.nésa.gov/seh/app‘endix—e_creating—the—v_aIidation—plan>.Accessed on Nov 19th, 2022.
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Uncoupled/
Loosely Coupled

Tightly Coupled
Programs

Projects and
Single Project
Programs

Products

Stakehalder identification and
Concep! definition

Measure of effectiveness
definition

Requiraments

Technical Performance
Measures definition

Architecture definition

Allocation of requirements to
next lower level

Required leading indicator
trends

Design solution definition
Interface definition(s)

Implementation plans (Make/
code, buy, reuse)

Integration plans

Verification and validation
plans

TABLE 3.0-1

Formulation

‘roduct M

KDP |

atunty

KDP I

ror

-
"-,!. .|| ]
Wi 1

7123.

1

Implementation

‘ KDP Il

Periodic KDPs

s wonson

Update

BifkEtes
' )

[

LARILEE

Pre-
Phase A

KDP C
POR

Phase C

Update

Update

‘ Phase D

Phase E

KDP F

Source: Available at <https://www.nasa.gov/seh/3-project-life-cycle>. Accessed on Nov 19th, 2022.
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‘ | : "
Nt Systems Engineering Management Plan (SEMP)

i

SEMP is the foundation document for the
and Nee conducted during the project.

T ' ‘The SEMP

on the technical

integration methodologies
and activities for the project
within the scope of the
project plan.

Copyright © 2023 New Space Tech.

Source: Available at <https://www.nasa.gov/seh/appendi I‘—jéemp—content—outline>. Accessed on Nov 19th, 2022.

Source image: Available at <http5://vvvvvv.nasa.gov/press-re|ease/nasa-s—vvebb—reaches—aIignment—miIestone—optics—vvorking—successfﬁ||y>. Accessed on Nov 19th, 2022.
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Systems Englneerlng I\/Ianagement Plan (SEMP)

@
SIGE

The SEI\/IP includes the follovvmg three general sections:

e Technical program JELTT and control, which describe the processes for

and of the engineering efforts for the deS|gn development test, and evaluann of
the system. - - " - :
e Systems engmeerlng processes, which mclude SpeC|ﬂc ‘ of the systems

_engineering process as described in the NPR, |mp|ementatlon procedures gelofs Study
methodologes tools, and models to be Hised. |

¢ Engineering specialty integration:

into the systems engmeermg process and summarizes each techmcal
d|SC|p|me effort arid cross references each ofthe specific-and relevant plans.

Source: Available at <https://vvvvvv.hasa.gov/seh/appendix—jsemp—content_—outline>. Accessed on Nov 19th, 2022.
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@GE
=t Systems Englneerlng Management Plan (SEMP)

Some additional important points on the SEMP:.

e The SEMP is a living document.

o The initial SEMP is used to establish the techmcal
content of the engineering work early in the

~ Formulation Phase for each project and updated as
needed throughout the project ife cycle:

Systems Engineering Management Plan

> o
' . iy . Designated Governing Autharity/Technical Authority

Program/Project Manager

Source: Available at <https://vvvvvv.hasa.gov/seh/appendix—jsemp—content_—outline>. Accessed on Nov 19th, 2022.

NST-SSS-04 | Introduction to Space System Engineering ‘ : e e Mércio Costa | SJC-SP, Sep 28th, 2023..
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i Systems Engineering Management Plan (SEMP)

TABLE J-1 Guidan SEMP Cc

Pre-Phase A Phase A Phase B Phase C Phase E
KDP A KDP B KDP C KDP D KDP E KDP F

Phase F

Copyright © 2023 New Space Tech.

NST-S55-04 | Introducti

Purpose and
Scope

Applicable

Documents

Technical
Summary

System
Description

System
Structure

Technical
Effort
Integration

Source: Available at <https://vvvvvv.hasa.gov/seh/appendix—jsemp—content_—outline>. Accessed on Nov 19th, 2022.

-

Product

Integration

Planning

Context

Boundary
of Technical
Effort

Cross
References

Responsi-
bility and
Authority

Contractor
Integration

Support
Integration

on to Space System Engineering

MCR

Final

‘ Initial
‘ Final

‘ Initial

Define
thru SDR
timeframe

. Define
thru SDR
timeframe

Initial

Initial

Define
thru SDR
timeframe

acquisitions
needed

Define
acquisitions
needed

SRR
Final

Initial
Final
Initial

Define

thru SDR
timeframe

Define

thru SDR
timeframe

Initial

Initial

Define

thru SDR
timeframe

SDR/MDR
Final

Initial
Final
Initial

Define
thru SDR
timeframe

Define
thru SDR
timeframe

Initial

Initial

Define
thru SDR
timeframe

oversight
through SIR
timeframe

Define
insight/
oversight
through SIR
timeframe

PDR

| Final
Final
| Final
[ Firal

| Define thru

SIR

| Define thru

SIR

| Define

thru SIR
timeframe

CDR
Final

Final

| Final
| Final

Define thru

SIR

Define thru

SIR

Final

Define
thru SIR
timeframe

SIR
Final

Final
Final
Final

Define thru

SIR

Define thru
SIR

Final

Final

Define
thru SIR
timeframe

Final

Final

Final

Final

Define

sustaining thru
end of program

Define
sustaining thru
end of program

Final

Define sustain-
ing Roles and
Responsibilities
through end of
program

sustaining
insight/
oversight
through end of
program

Define sus-
taining insight/
oversight
through end of

program

MRR/FRR

Define

sustaining
thru end of
program

Define
sustaining
thru end of
program

Final

Define sus-
taining Roles
and Respon-
sibilities
through end

_ of program

DR
Final

Final
Final
Final

Define

sustaining
thru end of

program

Define
sustaining
thru end of
program

Final

DRR
Final

Final
Final
Final

Define

sustaining

thru end of . .
program

Define
sustaining
thru end of :
program

Final

Define sus-
taining Roles
and Respon-
sibilities
through end
of program

Marcio Costa | SJC-SP, Sep 28th, 2023.
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SEMP
Section

Common
Technical Pro-
cesses Imple-
mentation

Technology

Insertion

Additional SE
Functions and
Activities

Integration |

with the
Project Plan
and Technical
Resource

Allocation

Compliance
Matrix
(Appendix H.2
of SE NPR)

Appendices

Templates

References

-

Introduction | Fundamentals | Life Cycle

SEMP
Subsec-

Pre-Phase A
KDP A

Requirements | MBSE

Systems Engineering Management Plan (SEMP)

Phase E
KDP F

| PhaseF

tion

MCR

Processes

defined for
Concept
Develop-
ment and
Formulation

Define

System
Safety

Engineering -
Methods
and tools

Specialty
Engineering

technologies
tobe
developed

Define process
through CDR

Define process
through CDR

Define process
through CDR

| Define

through SDR
timeframe

As required

As required

As required

on to Space System Engineering

As required

As required

As required

SDR/MDR

Processes

defined for
the Design
Phase

Define deci-

sion process
for on ramps
and off
ramps of
technology
efforts

As required

As required

As required

| Define

through SIR

As required
As required

As required

Processes

added for the
integration
and
Operations
Phase

Define

through SIR

As required
As required

As required

| Define

through SIR

As required

As required

As required

' Update

Operations
processes.
Define close
out processes
and sustaining
engineering

processes

Define technol-
ogy sustaining
effort through
end of program.

Define sustain-

ing Roles and
Responsibilities
through end of

program

Define sustain-

ing Roles and
Responsibilities
through end of
program

Define sustain-
ing Roles and
Responsibilities
through end of
program

| Define

sustaining
through end of
program

Final

As required
As required

As required

MRR/FRR

| Define

sustaining
through end
of program

Final

As required
As required

Asrequired

:

Define

sustaining
through end
of program

Final

As required
As required

| As required

Source: Available at <https://vvvvvv.hasa.gov/seh/appendix—jsemp—content_—outline>. Accessed on Nov 19th, 2022.

Define
sustaining
through end
of program

Asrequired

As required

Final ‘
|
|
,|

As required

Marcio Costa | SJC-SP, Sep 28th, 2023.
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Concept of Operatlons (ConOps)

Double Asteroid Redirection Test / Ori Q| nal Orbit \

New Orbit

Dimorphos Didymos

Copyright © 2023 New Space Tech.

eaet g LICIACube
DART V.,
Earth-based
g observations 4

Source: Available at <https://dart.jhua,pl..edu/l\/lissi‘on/index.php>. Accessed on Nov 19th, 2022.
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(778
SIGE
e Concept of Operat|ons (ConOps)
1° Executive summary =~ - ‘ ~ 2° Mission description
e Mission ° DESCFibe the miss_ion,l'

o its goals and objectives, and

- ihe,underl,ying mission

e business rationale.

o |dentify relevant |
stakeholders and thelr main
expectations. ‘ ‘

“e organizations’ roles and:
- responsibilities '
o -key capabilities and
performance Characterlstlcs
the stakeholders want.

Copyright @'2[323 New Space Tech.

Source: Available at <https://dart.jhuapl.edu/Mission/index.php>. Accessed on Nov 19th, 2022.
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SIGE ST Concept ofOperatlonS (COHOIOS)

* 3° System operational context
and reference operational
| architecture =

4° System drivers and
constraints

e Describe performance

| drivers and constraints;

X constramts resulting from

the existing systems and

o “infrastructure; e B

e Describe the ‘as-is” and “to-be" e doctrine (policy, procedures, |
_ COﬂtEXtS [X@) help Clarify the | 2000 Drocesses);. . \
conceived system’s value. - . 1. : | R | | B e Qrganizational roles

e system'’s boundary

e initial reference architecture
based on what similar systems
nave used. |

Copyright @'2[323 New Space Tech.

“*

Source: Available at <https://dart.jhuapl.edu/Mission/index.php>. Accessed on Nov 19th, 2022.
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Copyright @'2[323 New Space Tech.

Introduction | Fundamentals | Life Cycle| Requwements | MBSE

SIGE S =

‘Ccapabilities the Stakehold‘ers

Concept of Operat|ons (ConOps) - g
5° Operatlonal scenarios’ S 6° Proposed Syste“m
e Create the main OpEaHONE| M . - E : | operational architecture

scenarios to support
- PP  Documerit changes to

parUtlonmg of the system,
expect,

|tS elements and sub-
Use language and graphms to

elements N a proposeda
ensure that systems engineers * %o O G
understand the stakeholders’ i 4 4 P

Develop timelines for each

DART ///’é’ d rt h Ite CtU re .
-expectau ons. @ o Y 4 \ |

“operational scenario to gain-

|n5|ghts into other concepts
for partitioning and

implementation. | _ - .
i _ Source: Available at <https://dart.jhuapl.edu/Mission/index.php>. Accessed on Nov 19th, 2022.
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7 .
SIGE
B Concept of Operat|ons (ConOps)
7° Organizational and S T 8° Risks and technology
business impact. | R ‘ : | readiness

*

e Analyze and present the

~effects of a changed
operannal archltecture on

-legacy doctrine to ensure
appropmate deC|S|on ‘making.

e Include technology

readiness levels for the
- principal implementing
concepts, -

- e Also assess schedule and

//
\

o € funding risks resulting ‘from- g
\ the proposed approach. = -

Source: Available at <https://dart.jhuapl.edu/Mission/index.php>. Accessed on Nov 19th, 2022.
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Source: Available at <https://dart.jhuapl.edu/Mission/index.php>. Accessed on Nov 19th, 2022.
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ption

ysiem operational
context and

consiraints

Operational

Implementation
concepts selected
and rationale

architecture

Organizational and
business impact

LBChn
regaoing
sment

NST-555-04 | Introduction to Space System Engineering

ummarize the mi
ties, and k
main findings and
clude a brief

and objectives. and the
ale. Identify relevant
ctations.

sub-elemen
clarify the

Describe performance drivers and constraints

resulting from the existing

[ ocedures, and pro g 3N
and regulatory f=. Ex by defining

&lps us assess different concepts for the system, its
elements, and its sub-elements

for each operational scenario to
nd gain insights

expectations. Dev
undersiand laten
oonce|

sub-elements.
Diocument wh ication
addressing )
including funding and schadule.

Diocument changes o partitioning of t
b-elements, in & propose
architecture

&m operational

Analyze and present the effects of a changed operational
oCirine io e

) the principal
enting concep s schedule and funding ris

fing from the p d appro

Requirements | MBSE

Concept of Operations (ConOps) -

Marcio Costa | SJC-SP, Sep 28th, 2023.
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ertlng a good requwement

A good requirement must have: . - | o Clarity .
' | | ' a Completeness
o Compliance
o Consistency:
o Traceability
o Correctness
o Maintainability
‘1o‘ReHakay
o Functionality
o Testability

Copyright © 2023 New Space Tech.
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+

.*
.
p ‘.-*

Copyright @'2[)2_3 New Space Tech.

NST-555-04 | Introduction to Space System Engineering

~ Requirements verification matrix -
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Require-
ment No.

Unigue iden-
tifier or each
requirement

P-i

S-1or other
unigue
designator

Document
number the
requirement
is contained
within

xxxxx (other
specs, ICDs,
etc.)

Introduction | Fundamentals | Life Cycle:

Paragraph
number of the
requirement

3.2.1.1
Capability:
Support
Uplinked Data

(LDR)

Other
paragraphs

Other
paragraphs

-

Text (within
reason) of the
requirement,
Le., the
“shall”

oystem X
shall provide
a max.
ground-to-
station uplink
of...

Other “shalls™
in PTRS

Other
“shalls™ in
specs, ICDs,
elc.

Verifi-
cation
Success
Criteria

Success
critena for the
requirement

1. System
X locks to
forward link
at the min
and max
data rate
tolerances

2. System
X locks to
the forward
link at the
min and max
operating
frequency
tolerances

Other criteria

Other criteria

Verifi-
cation
Method

Verification
method

for the
requirement
(anafysis,
inspection,
demonstration,
fest)

Facility or
Lab

Facility or
laboratorny
used fo per-
form the ver-
ification and
valigahon.

Requirements | MBSE

Phase in
which the
verification
and valida-
tion will be
performed.

Indicate
whether this
requirement
is also ver-
ified during
Imitial accep-
tance testing
of each unit.

Yes/No

Yes/No

Preflight
Accep-
tance?

Indicate
whether this
requirement
is also ver-
ified during
any pre-flight
OF FeCLITing
accepiance
testing of
each unit

No

Yes/No

Yes/No

Perform-
ing Orga-
nization

Organization
responsibie
for per-
forming the
venfication

Source: Hirshorn, S. R, Voss, L. D., and Bromiley, L. K.. NASA Systems Engineering Handbook. 2017.

on to Space System Engineering

-

indicafe
documents
that contain
the objective
evidence that
requirement
was salisfied

Memo xxx

Report xxx

Marcio Costa | SJC-SP, Sep 28th, 2023.
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I\/Iodel based systems englneerlng (I\/IBSE)

‘“I\/I BSE is a systems engmeermg methodology that focuses on creating and explmtmg

domam models as the pr|mary means of info! : - s
information exchange.” -

@ Environment

D= manugl action L=l light

= shooting cmd

D= raw image

\CEf processed image

 Hangle user : OE flash parameters,,

on | qpHandieuser 3 =SSR BEREREENS @ Control the camers |
: Leractions [: D=l shooting request (= |
: O = shooting parameters' i

. - g s ‘ y
Source: Available at <https://www.omgwiki.org/MBSE/doku.php>. Accessed on Nov 19th, 2022. |
Source: Available at <https://vvvvvv.'eclipse.org/capella/fea;ures.html>. Accessed on Nov 19th, 2022.
NST-SSS-04 | Introduction to Space System Engineering . : e e Mércio Costa | SJC-SP, Sep 28th, 2023.
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_- i‘ijf_;'su;f |

. S -I\/IOdeI-basedfsy_stems engih_eering (MBSE) -
Arcadia Method L

Arcadia is a system

engineering method based on Functions
the use of models, with a /
focus on the collaborative o - —f

definition, evaluation and
. . . Product Line
exploitation of its Managen, Etc

architecture. \_T\

- - - . - - . LY
\“ '-, il p—— \h_-.' P }
e 3
2 ._1\
Evaluation Rules g
F

Solution Architecture

~ Source: Available at <https://www.eclipse.org/capella/arcadia.ntml>. Accessed on Nov 19th, 2022.
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I\/Iodel-ba_sed.'sy_stéms engiheering (MBSE)

= Capella

Need understanding

Solution architectural design

-

ViewPoints
A2
. A3
MR —
A1 :
1 1 5
L}
\ \
F2 4 \'* F4 :
\b? o -’ Y
: \—/
F1 AN F3
[} ‘\
—— i L ) -
ViewPoints | - ', 4
1 "'\ LY
A : Operational activity F22 >/
F : Function i\ F21 / s ’ v
C : Component
F&
Fj‘ d \-—J "
‘ — F3
. ViewPoints
] §
1 ¥
! \
/ p
F21 — F22 J
v Fé —/

ViewPoints

Operational Analysis
What the users of
the system need to
accomplish

Functional &

Non Functional Need
What the system has to
accomplish for the users

Logical Architecture
How the system will work
to fulfill expectations

Physical Architecture
How the system will be
developed and built

~ Source: Available at <https://www.eclipse.org/capella/arcadia.ntml>. Accessed on Nov 19th, 2022,

Mércio Costa | SJC-SP, Sep 28th, 2023.
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I\/Iodel-basedfsy_stems engiheeri-ng (MBSE)

-

METHOD STEPS TASKS SAMPLE MODEL . .
Define Stakeholder Needs and Environment
Customer P o Operational Capture and consolidate operational needs from s-tak.eholders
Operational  cpabiities - - et Analysis Define what the users of the system have to accomplish
Need Analysis  pertorm an - . |dentify entities, actors, roles, activities, concepts
{;|1LI|::U.,|.1I need | vewone sen
fa) . . .
m Formalize System Requirements
z
« Perform a capability L . - . .
gEtEHn‘:{: i = =l System IdErjt|f~,- the boundary of the system, cc_nschdate requirements
/ | /Performafunctional  |¥ T Analysis Define what the system has to accomplish for the users
and non-functiona 1 0 wstR 1 . . .
Need Analysis i : T - it Model functional dataflows and dynamic behaviour
~'Ff..'|r'|.1!ixt--‘:|'d - .-i l_‘ .
I ::IZ:I :.‘.I'I'l'llll'.l'!' 1S : - l
. Develop System Logical Architecture
A, ™ P oYy og
Logital J|','-|'f'm-.!|t'|i|ll.-tl|.|t- S o
i drivers and viewpoints 3 = 1 ge thE S"StEm as a 'vi-fhltE box
a p e a Architecture ' ) I — - [ Logical : ’ . : :
Basen + Build candidats e = g Architecture Define how the system will work so as to fulfill expectations
architectural 1 - . . .
presiciounsin iy ol oy ' Perform a first trade-off analysis
components
« Select best compromise
architecture
Develop System Physical Architecture
« Define architectural
%8 Physical e it gl - Physical How the system will be developed and built
Sl Architecture  Consider reuse of existing N | b X Software vs. hardw | | ificati f interf
= \ assets design a physical | Architect oftware vs. hardware allocation, specification of interfaces,
=3 Design N - ! ure : . .
3  Daskon s pialia L T ] deployment configurations, trade-off analysis
wy reference architecture | === £ - Q
< Walidate and check it S .
Formalize Component Requirements
ge"flor":"ent e s " Manage industrial criteria and integration strategy: what is
ontracts W — o EPBS expected from each designer/sub-contractor
PBS and component “ Specify requirements and interfaces of all configuration items
integration contract i

-

Source: Available at <https://www.eclipse.org/capella/arcadia.ntml>. Accessed on Nov 19th, 2022.

-
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I\/Iodel-basedfsy_stems engiheering (MBSE)

Provide Cabin Maiagement Salutions Provide Audio and '-.-'iu:h??ﬂ'|I_:n_arn:u:umlenicaI:inr| Means aircraft

II,»-" x‘k.'l |f-- - R‘:I
M/ A %

Provide Moving-Map Services
r
(c)
'\___’/

& L Provide Audio Entertainment Services
a e. a Provide E|'|I:erl:-.=|i£ement Solukions - --x\ Cabin Crew
4 j Y C C)

\5 le

f*‘ A
Provide Video E|'|I:E'I:-.=|inment Services

Capabilities >
I\H_C il

Fassenger

Provide Video ‘Gaming Services
(c)
w o w 7

Source: Available at'<ht,tps://vvvvvv.e‘c|ipse.org/capella/featqres.htmb. Accessed on Nov 19th, 2022.

NST-SSS-04 | Introduction to Space System Engineering . : e e Mércio Costa | SJC-SP, Sep 28th, 2023.



-

Introduction | Fundamentals | Life Cycle| Requirements | MBSE

I\/Iodel-basedfsy_stéms engiheering (MBSE) -

-

ﬁl._lser Eiamera ﬁEm-‘ir-:unment

D=8 manugl action [ e e e e Dl Jight
. > | | > 3
E @0 Manage energy i @0 Acquire image :] Y st Ii-glth
L | L[l__________ﬁ__________u___.!
D= shooting cmd [] flash cmd
= Capella
@it e
D= faw image T
- N | ik it V py A f
ArChItECtU re D=l anual actions | i ;

1Y)

D=1 processed image

I
1 — Ml e
i AR i

miterae e
i L TR LT
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Thanks for coming!

Marcio Costa
T marciocosta@ita.br
: ma rciocosta@nevvspacetec.com
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