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“Problems cannot be solved by the same level of thinking that created them.”

“The Need for Systems Thinking”

Albert Einstein

https://twitter.com/AlbertEinstein/status/1706444239926603967/photo/1
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Purpose

Provide general guidance and preliminary information on employing
Systems Engineering for the Space Sector

Objectives

Train, raise awareness, and encourage human resources in the use of Systems
Engineering for the Space Sector
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Defining “System”

< set, combination, group, collection, configuration, arrangement, organization>
A SYSTEM IS

OF
< parts, components, objects, subsystems, entities>

<combined, integrated, organized, configured, arranged>

IN A WAY THAT
< creats, enable, motivates>

<properties, functions, processes, capabilities, behaviours, dimensions>

NOT
< possessed, exhibited, presented>

BY THE
< separate, individual, single>

<parts, components, elements, objects, subsystems, entities>
Credits: Prof. Dr. Christopher S Cerqueira, ITA, over "Defining “System”: a Comprehensive Approach. 27th Annual INCOSE International Symposium. 2017"



Definition of Systems Engineering
Systems Engineering is an

interdisciplinary approach and a
means to enable the realization of

successful systems.

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

SE Focuses on
define customer needs;
define the required
functionality early in the
development cycle;
document the requirements
and then proceed with
design synthesis and system
validation while considering
the complete problem.

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

Assembly

Introduction | Fundamentals | Life Cycle | Requirements | MBSE

Hierachical Relationships for System of Interest (SO)

SO

Program

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

SO

SO

SO
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NASA's Mars Perseverance rover acquired this image using its onboard Right Navigation Camera (Navcam). The camera is located high on the rover's mast and aids in
driving. This image was acquired on Sept. 27, 2023 (Sol 925) at the local mean solar time of 15:21:25.

Credit: NASA/JPL-Caltech/Paul Byrne."
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Scope
"SE requires a systematic

and disciplined set of 
processes that are applied
recursively and iteratively 

for the design,
development, operation,

maintenance, 
and closeout of systems

throughout the life cycle of 
the programs and projects. 
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Systems Engineering - Common Technical Processes

There are three sets of common technical
processes in a project: 

Systems  design,  
Technical management, and 

Product realization
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Source: Hirshorn, S. R., Voss, L. D. , and Bromley, L. K.. NASA Systems Engineering Handbook. 2017.
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Systems design
A set of recurring processes that result in

a validated set of requirements.

Technical management
Bridges between the project management

and the technical team.

Product realization
Products are produced and validated

against stakeholder expectations.
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Stakeholder Expectations
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Systems design

Requirements definitions

Logical decomposition

Design solution definition
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Design realization

Introduction | Fundamentals | Life Cycle | Requirements | MBSE

Product realization

Evaluation processes

Product transition process
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Review - Systems Engineering Phases

Credits image: J. R. Wertz, D. F. Everett, and J. J. Puschell, “Space Mission Engineering – SMAD.”
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MCR
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PROBLEMS

CONCEPTS EXPECTATIONS
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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.”

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

https://ocw.mit.edu/
https://ocw.mit.edu/
https://ocw.mit.edu/courses/aeronautics-and-astronautics/16-892j-space-system-architecture-and-design-fall-2004/
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SRR
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PDR
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https://www.sstl.co.uk/media-hub/latest-news/2017/sstl-selected-to-build-third-batch-of-galileo-navigation-payloads

CDR

SIR
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ORR

http://www.inpe.br/noticias/noticia.php?Cod_Noticia=3162
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AS-BUILT

AS-VERIFIED

ANOMALIES
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AS-DEPLOYED

AS-OPERATED
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Sept. 15, 2017
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https://www.esa.int/Space_in_Member_States/Portugal/Cassini_conclui_missao_pioneira_em_Saturno
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Product Verification and Product Validation processes may be similar in nature, but
the objectives are fundamentally different:

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.

Baseline: Specifications, drawings, parts lists, and other setup documentation.

Related to the set of approved requirements;
Performed at different stages of the product lifecycle;
It avoids high costs and performance issues if later modifications are required.

Verification and Validation
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Determine the effectiveness and suitability of the product for use;

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

Performed under realistic or simulated conditions;

Validation is related to the ConOps document;

It can be performed at each stage of development using stage products.

Validation of a product shows that the product fulfills its intended purpose in the
intended environment;
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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 provide the
best combination of cost and effectiveness.

Indefinition: there are usually many projects
that meet the cost-benefit condition.
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At each cost-effective solution:

• To reduce cost at constant risk, performance must be reduced.
• To reduce risk at constant cost, performance must be reduced.
• To reduce cost at constant performance, higher risks must be accepted.
• To reduce risk at constant performance, higher costs must be accepted.
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Identify risk classification
Identify initial technical risks

Identify the roles and
responsibilities in performing
mission objectives (i.e.,
technical team, flight, and
ground crew) including training

Pre‑Phase A: Concept Studies
a broad spectrum of ideas and alternatives for missions

Source image: Available at <https://nesslabs.com/nasa-risk-matrix>. Accessed on Nov 19th, 2022.
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Develop plans
Develop preliminary SEMP
Develop and baseline Technology Development Plan
Define preliminary verification and validation approach
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Pre‑Phase A: Concept Studies
a broad spectrum of ideas and alternatives for missions

Source image: Available at <https://www.nasa.gov/seh/appendix-e_creating-the-validation-plan>. Accessed on Nov 19th, 2022.
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Source: Available at <https://www.nasa.gov/seh/3-project-life-cycle>. Accessed on Nov 19th, 2022.

Out
line
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Systems Engineering Management Plan (SEMP)

technical and engineering activities conducted during the project. 
SEMP is the foundation document for the 

Source: Available at <https://www.nasa.gov/seh/appendix-jsemp-content-outline>. Accessed on Nov 19th, 2022.

Source image: Available at <https://www.nasa.gov/press-release/nasa-s-webb-reaches-alignment-milestone-optics-working-successfully>. Accessed on Nov 19th, 2022.

The SEMP conveys
information to all of the

personnel on the technical
integration methodologies

and activities for the project
within the scope of the

project plan. 
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Source: Available at <https://www.nasa.gov/seh/appendix-jsemp-content-outline>. Accessed on Nov 19th, 2022.

Systems Engineering Management Plan (SEMP)

Technical program planning and control, which describe the processes for planning
and control of the engineering efforts for the design, development, test, and evaluation of
the system.
Systems engineering processes, which include specific tailoring of the systems
engineering process as described in the NPR, implementation procedures, trade study
methodologies, tools, and models to be used.
Engineering specialty integration describes the integration of the technical
disciplines’ efforts into the systems engineering process and summarizes each technical
discipline effort and cross references each of the specific and relevant plans.

The SEMP includes the following three general sections:
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Source: Available at <https://www.nasa.gov/seh/appendix-jsemp-content-outline>. Accessed on Nov 19th, 2022.

Systems Engineering Management Plan (SEMP)
Some additional important points on the SEMP:

The SEMP is a living document. 
The initial SEMP is used to establish the technical
content of the engineering work early in the
Formulation Phase for each project and updated as
needed throughout the project life cycle. 
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Source: Available at <https://www.nasa.gov/seh/appendix-jsemp-content-outline>. Accessed on Nov 19th, 2022.

Systems Engineering Management Plan (SEMP)

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



Introduction | Fundamentals | Life Cycle | Requirements | MBSE

Source: Available at <https://www.nasa.gov/seh/appendix-jsemp-content-outline>. Accessed on Nov 19th, 2022.

Systems Engineering Management Plan (SEMP)
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Source: Available at <https://dart.jhuapl.edu/Mission/index.php>. Accessed on Nov 19th, 2022.

Concept of Operations (ConOps)
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Source: Available at <https://dart.jhuapl.edu/Mission/index.php>. Accessed on Nov 19th, 2022.

Concept of Operations (ConOps)

mission
organizations’ roles and
responsibilities
key capabilities and
performance characteristics
the stakeholders want.

1º Executive summary 2º Mission description 

Describe the mission, 
its goals and objectives, and
the underlying mission 
business rationale.
Identify relevant  
stakeholders and their main
expectations.
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Source: Available at <https://dart.jhuapl.edu/Mission/index.php>. Accessed on Nov 19th, 2022.

Concept of Operations (ConOps)

system’s boundary
initial reference architecture
based on what similar systems
have used. 
Describe the ‘as-is” and “to-be"
contexts to help clarify the
conceived system’s value.

3º System operational context
and reference operational

architecture

4º System drivers and
constraints

Describe performance
drivers and constraints;
constraints resulting from
the existing systems and
infrastructure; 
doctrine (policy, procedures,
and processes);
organizational roles
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Source: Available at <https://dart.jhuapl.edu/Mission/index.php>. Accessed on Nov 19th, 2022.

Concept of Operations (ConOps)

Create the main operational
scenarios to support
capabilities the stakeholders
expect, 
Use language and graphics to
ensure that systems engineers
understand the stakeholders’
expectations. 
Develop timelines for each
operational scenario to gain
insights into other concepts
for partitioning and
implementation.

5º Operational scenarios 6º Proposed system
operational architecture

Document changes to
partitioning of the system,
its elements and sub-
elements, in a proposed
system operational
architecture.
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Source: Available at <https://dart.jhuapl.edu/Mission/index.php>. Accessed on Nov 19th, 2022.

Concept of Operations (ConOps)

Analyze and present the
effects of a changed
operational architecture on
legacy doctrine to ensure
appropriate decision making.

7º Organizational and
business impact

8º Risks and technology
readiness 

Include technology
readiness levels for the
principal implementing
concepts. 
Also assess schedule and
funding risks resulting from
the proposed approach.
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Concept of Operations (ConOps)
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Source: Available at <https://dart.jhuapl.edu/Mission/index.php>. Accessed on Nov 19th, 2022.
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Writing a good requirement

Clarity
Completeness
Compliance
Consistency
Traceability
Correctness
Maintainability
Reliability
Functionality
Testability

A good requirement must have:
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Requirements verification matrix
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Source: Hirshorn, S. R., Voss, L. D. , and Bromley, L. K.. NASA Systems Engineering Handbook. 2017.
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Source: Available at <https://www.omgwiki.org/MBSE/doku.php>. Accessed on Nov 19th, 2022.

Model-based systems engineering (MBSE) 

“MBSE is a systems engineering methodology that focuses on creating and exploiting
domain models as the primary means of information exchange between engineers,

rather than on document-based information exchange.”

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

Model-based systems engineering (MBSE) 

Arcadia is a system
engineering method based on

the use of models, with a
focus on the collaborative
definition, evaluation and

exploitation of its
architecture.

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

Model-based systems engineering (MBSE) 
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Source: Available at <https://www.eclipse.org/capella/arcadia.html>. Accessed on Nov 19th, 2022.

Model-based systems engineering (MBSE) 
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Source: Available at <https://www.eclipse.org/capella/features.html>. Accessed on Nov 19th, 2022.

Model-based systems engineering (MBSE) 

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

Model-based systems engineering (MBSE) 

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

Model-based systems engineering (MBSE) 

Sequence Diagrams
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Thanks for coming!
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Márcio Costa
marciocosta@ita.br

marciocosta@newspacetec.com


