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Useful References

1. NASA System Engineering Handbook, NASA SP-2016-6105 (Rev 2)
https://www.nasa.gov/reference/systems-engineering-handbook/ 
Concept of Operations Outline, Appendix S
https://www.nasa.gov/reference/appendix-s-concept-of-operations-annotated-outline/

2. NASA Systems Engineering Processes and Requirements, NPR 7123.1 (version D) 
https://nodis3.gsfc.nasa.gov/displayDir.cfm?Internal_ID=N_PR_7123_001D_&page_name=main

3. NASA Space Flight Program and Project Management Requirements, NPR 7120.5 (version F) 
https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7120&s=5E

4. NASA Research and Technology Program and Project Management Requirements, NPR 7120.8 
(version A) 
https://nodis3.gsfc.nasa.gov/displayDir.cfm?Internal_ID=N_PR_7120_008A_&page_name=main

5. Risk Classification for NASA Payloads, NPR 8705.4 (version B) 
https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=8705&s=4B

6. NASA Science Mission Directorate https://science.nasa.gov/learn/
7. System Engineering Curriculum Intro, 20210021839, https://ntrs.nasa.gov/citations/20210021839

https://www.nasa.gov/reference/systems-engineering-handbook/
https://www.nasa.gov/reference/appendix-s-concept-of-operations-annotated-outline/
https://nodis3.gsfc.nasa.gov/displayDir.cfm?Internal_ID=N_PR_7123_001D_&page_name=main
https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7120&s=5E
https://nodis3.gsfc.nasa.gov/displayDir.cfm?Internal_ID=N_PR_7120_008A_&page_name=main
https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=8705&s=4B
https://science.nasa.gov/learn/
https://ntrs.nasa.gov/citations/20210021839
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Webinar Overview:

This webinar will conclude by providing an 
overview to design a concept mission applying 
various processes and tools described over the 
course of this series. This overview includes:

• What is defined as a science mission?
• What segments make up a science mission? 
• What steps and processes are taken to 

design and develop a science mission?
• What are examples of a science mission 

design?

Purpose:
To provide attendees with 

information and 
knowledge of how to 
design and develop 
science missions. 
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What is defined as a science mission?

For NASA, a science mission, managed by the Science Mission Directorate (SMD), is 
defined as a spaceflight mission primarily focused on scientific research and 
exploration, encompassing disciplines such as:

• Earth science
• Heliophysics
• Planetary science
• Astrophysics 

with the goal of advancing
scientific understanding 
and potentially benefiting 
humanity.

Credit: “About NASA Science” March 2025 https://science.nasa.gov/about-us/

Science missions are usually driven 
by NASA Science Mission 
Directorate strategic plans, whereas 
the exploration missions may be 
driven by a Presidential directive.

https://science.nasa.gov/about-us/
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https://science.nasa.gov/about-us/
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What segments make up a science mission? 

A NASA science mission can be broken down into several segments:
• Launch segment: Launch vehicle and related services used to get the 

spacecraft into space.
• Space segment: Spacecraft and various components like orbiters, landers, 

rovers, and instruments used to collect data.
• Ground segment: Ground stations and mission control centers that 

communicate with the spacecraft, receive data, and manage the mission.
• User segment: Scientists and the public who will use the data collected by the 

mission for research and education.
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Role of the Concept of Operations

NPR 7123.1 Description of Concept of Operations
Developed early in Pre-Phase A, describes the overall high-level concept of how 
the system will be used to meet stakeholder expectations, usually in a time 
sequenced manner. It describes the system from an operational perspective and 
helps facilitate an understanding of the system goals. It stimulates the 
development of the requirements and architecture related to the user elements of 
the system. It serves as the basis for subsequent definition documents and 
provides the foundation for the long-range operational planning activities (for 
nominal and contingency operations). It provides the criteria for the validation of 
the system. In cases where an Operations Concept (OpsCon) is developed, the 
ConOps feeds into the OpsCon and they evolve together. The ConOps becomes 
part of the Concept Documentation. 
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What steps and processes are taken to design an develop a 
science mission?  

• Pre-Phase A, Conceptual Study

• Phase A, Preliminary Analysis

• Phase B, Definition

• Phase C/D, Design & Development

• Phase E, Operations Phase

March 2025 https://science.nasa.gov/learn/basics-of-space-flight

https://science.nasa.gov/learn/basics-of-space-flight
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NASA 
Space 
Flight 
Project Life 
Cycle,
from NPR 
7120.5
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Risk Classification for NASA Payloads, NPR 8705.4

10

• Classification levels define  
hierarchy of risk 
combinations for NASA 
payloads by considering 
various factors.
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SE Handbook Interpretation

11

• Other considerations for 
designating a risk 
tolerance class may exist 
that are not explicitly 
expressed in NPR 8705.4.

• Ultimately, the mission or 
instrument risk tolerance 
class is designated by the 
Mission Directorate.
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Impact of Risk Class on Technical Products 

From SE Handbook
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The Common Technical Processes and the SE Engine, 
from SE Handbook

The 17 
processes and 
their interactions 
& flows are 
illustrated by the 
systems 
engineering 
“engine”.

Processes of the 
SE engine 
develop and 
realize end 
products.
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SE Engine by Project Phase, from SE Handbook

14

Project 
System 
Maturity

Technical 
Develop-
ment 
Processes

Technical 
Manage-
ment 
Processes



National Aeronautics 
and Space Administration

National Aeronautics and Space Administration 15

Example of a Science Mission Design

Example material from:

System Engineering Curriculum Intro, 20210021839, 
https://ntrs.nasa.gov/citations/20210021839

https://ntrs.nasa.gov/citations/20210021839
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Example of a science mission design

System 

Engineering 
Curriculum 
Intro, 
20210021839, 
https://ntrs.nas
a.gov/citations/
20210021839

https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
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Concept Studies

System 

Engineering 
Curriculum 
Intro, 
20210021839, 
https://ntrs.nas
a.gov/citations/
20210021839

https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
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Concept & Technology Development

System 

Engineering 
Curriculum 
Intro, 
20210021839, 
https://ntrs.nas
a.gov/citations/
20210021839

https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
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Concept of Operations

System Engineering Curriculum Intro, 
20210021839, 
https://ntrs.nasa.gov/citations/20210021839

https://ntrs.nasa.gov/citations/20210021839
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Requirements

System 

Engineering 
Curriculum 
Intro, 
20210021839, 
https://ntrs.nas
a.gov/citations/
20210021839

https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839


National Aeronautics 
and Space Administration

National Aeronautics and Space Administration 21

Requirements Flow Down

System 

Engineering 
Curriculum 
Intro, 
20210021839, 
https://ntrs.nas
a.gov/citations/
20210021839

https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
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Design Trade-offs

System 

Engineering 
Curriculum 
Intro, 
20210021839, 
https://ntrs.nas
a.gov/citations/
20210021839

https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
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Preliminary Design & Technology Completion

System 

Engineering 
Curriculum 
Intro, 
20210021839, 
https://ntrs.nas
a.gov/citations/
20210021839

https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
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Final Design & Fabrication

System 

Engineering 
Curriculum 
Intro, 
20210021839, 
https://ntrs.nas
a.gov/citations/
20210021839

https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
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Verification & Validation

System 

Engineering 
Curriculum 
Intro, 
20210021839, 
https://ntrs.nas
a.gov/citations/
20210021839

https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
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Sustaining Engineering

System 

Engineering 
Curriculum 
Intro, 
20210021839, 
https://ntrs.nas
a.gov/citations/
20210021839

https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
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Operations & Sustainment

System 

Engineering 
Curriculum 
Intro, 
20210021839, 
https://ntrs.nas
a.gov/citations/
20210021839

https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
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Closeout

System 

Engineering 
Curriculum 
Intro, 
20210021839, 
https://ntrs.nas
a.gov/citations/
20210021839

https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
https://ntrs.nasa.gov/citations/20210021839
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Questions?
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