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Webinar Overview

This webinar will leverage and build upon 

information shared in the previous webinar series, 

impart more in-depth knowledge in requirements 

development, testing protocols, and procedures. 

This webinar will cover: 

➢ Why requirements are needed

➢ Examples of good and bad requirements

➢ What makes for a good requirement

➢ How to develop and write clear, concise and well-

defined requirements

➢ How requirements are evaluated

➢ What testing is required for a small satellite

mission

➢ The various testing parameters to be evaluated

and the type of apparatus used

Today’s webinar will utilize 

examples of NASA activities 

DiskSat Technology Demonstration. 

Credit: NASA and The Aerospace Corporation
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1. Introduction

2. How to develop high-level mission requirements

3. How to write requirements and break them down

4. How to ensure that requirements are met
5. Summary
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Requirements Help You to Build a Good Product

Requirements Definition: 

5

This webinar will 

consist of examples 

of NASA activities 

Requirements are statements that define a need, capability, capacity, or demand. 

They can pertain to personnel, equipment, facilities, or other resources or services 

and include specified quantities for specific periods of time or at a specified 

time. (detailed definition see: NASA Procedural Requirements (NPR) 7123.1C NASA Systems 

Engineering Processes and Requirements).

For example: The spacecraft shall support at least 6 months mission lifetime.

To build a successful product:

• Define requirements at the system and sub-system level

• Build the product

• Test that the product meets requirements!
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In the “waterfall” method, requirements are set in the very 

beginning of a project and tested before operations start

6

Requirements 
development Testing

NASA Space Flight Project Life Cycle from NPR 7120.5E 
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The waterfall method is a linear approach to manage a project, 

the “agile” approach is an iterative alternative
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Adapted from: https://www.nimblework.com/blog/agile-vs-waterfall-embracing-the-hybrid-project/

Requirements

Design

Implementation

Testing

Operations

Waterfall

Design

This webinar will 

consist of examples 

of NASA activities 

Analyze

DefineTest Iterate

Backlog Deploy

Agile
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2. How to develop high-level mission requirements

3. How to write requirements and break them down
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5. Summary
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The Science Traceability Matrix is a tool to develop and define 

what a science mission needs to accomplish
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The Science Traceability Matrix (STM) follows the Scientific Method

Ask a question

Construct a hypothesis
based on current 

knowledge and make 
predictions

 

Test the Hypothesis

Scientific Measurement 
Mission Requirements

Science Instrument Projected Requirements
Physical 

Science Goals Objectives parameters Observables  Requirements Performance (Top Level) 

GOAL

1
Objective 1
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The Science Traceability Matrix is a tool to develop and define 

what a science mission needs to accomplish

10

Science Goals Science Objectives Scientific Measurement Requirements Instrument 

Functional 

Requirements

Projected Performance Mission Functional 

Requirements (Top 

Level)

Physical Parameters Observables

Goal: Understand 

the origin and 

diversity of 

terrestrial planets.

Objective: 

Characterize 

planetary surfaces 

to understand how 

they are modified by 

geologic processes.

Important 

Question: What 

were the sources 

and timing of the 

early and recent 

impact flux of the 

inner solar system?

[Visions & Voyages 

2013-2022, Chapter 

5]

Hypothesis: Venus used to 

have a thinner atmosphere, on 

the order of Earth’s present day 

atmosphere (1 bar).

Predictable Feature: A thinner 

atmosphere would allow smaller 

meteorites to impact the surface 

than are presently observable 

with Magellan data.

Crater size

Density of craters with a certain size

Complexity / Symmetry of craters

Ejecta blanket

Diameter:

Depth (rim to floor)

Rim Height

Terracing width 

Existence of  collapse zone

Central Uplift Height

3D image data:

Vertical resolution: ± 1 

meter

Horizontal resolution: ± 

5 meters

Color: B&W or gray scale

Craters as small as 50 meters in 

diameter can be detected with a 

certainty of 70%; 100 meters 

with 80%; 200 meters with 90%.

Full planetary surface 

examination required.

Source: Adapted from  Chartres, James & Fulsang, Ejner “Traceability in Science Proposals”, NASA Ames Research Center, Mission 

Design Center ca. 2014
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JPL’s Concept Maturity Level approach helps to develop how a

mission accomplishes its goals
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Source: Wessen, Randii et al., "Space mission concept development using concept maturity levels", AIAA SPACE 2013 

Conference & Exposition, San Diego, California, September 10-12, 2013
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Requirements decomposition breaks-down high-level 

requirements into more specific child requirements 

13
Source: NASA Systems Engineering Handbook (simplified)
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Requirements decomposition breaks-down high-level requirements

into more specific child requirements – CubeSat Mission Example 
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This webinar will 

consist of examples 

of NASA activities 

CubeSat Mission 
System

Ground Systems CubeSat

Payload Structures Thermal Communications
Electrical Power 

System

Batteries

Attitude Control 
System

Command and 
Data Handling

Rocket
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Requirements should:

• Be in the form “responsible party/system shall perform such and such.”

• Mention what shall (do, perform, provide, weigh, or other verb) followed

by a description of what should be performed.

• Be free of how it will be accomplished

• Not include descriptions of the operations

• Be clear and unambiguous

• Be concise and simple

• Be stated as completely as possible

• Be singular avoiding requirements within requirements
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Questions to help write requirements that are technically sound

Is the requirement:

• Achievable?

• Must reflect need or objective for which a solution is technically achievable

• Verifiable?

• Should not be defined by words such as: excessive, sufficient, resistant, etc……..

• Unambiguous?

• It must be expressed in terms of need, not solution, that is, it should address the “why”

and “what” of the need, not how to do it

• Traceable?

• Lower-level requirements must clearly flow from and support higher level requirements

• Consistent?

• It must be consistent with other requirements without any contradictions

• Appropriate?

• It should not be so detailed that it constrains solutions for the current level of design
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Use Case – Pen Requirements (1/3)

• First step is to define the purpose of the pen: to apply ink to a surface, usually paper, for writing or drawing

• After we know the main purpose, we can define the design requirements.

– First, we will think about the functional requirements and then consider the aesthetics and additional

considerations

• Functional requirement considerations

– Dimensions – length and thickness

• Length - not too long, that can fit inside a standard pencil case. Not too short – that will be comfortable

to hold and use

• Thickness – not too thick that will be comfortable to hold and use, not too thin that will not brake easily

– Grip – Material and texture should be comfortable to hold for extended writing sessions

– Ink Type – This could be ballpoint, gel, rollerball, fountain pen, etc. Each has pros and cons like ink flow,

drying time, and refill ability

– Ink Color – Standard blue or black, or maybe a multi-colored pen, or color with glitter etc.

– Tip Size – Fine point for detailed writing, or broader for smoother lines

– Refillable – Eco-friendlier and more cost-effective over time

– Cover or Retractable – Consider convenience and potential for ink leakage

– Durability - The pen should withstand everyday use and carrying around
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Use Case – Pen Requirements (2/3)

• Aesthetics requirement considerations

– Material – Plastic, metal, wood, or even recycled materials. Consider weight, durability, and desired

look

– Color of the pen itself – Solid colors, patterns, or even customizable options

– Finish – Matte, glossy, metallic, etc. can impact how the pen feels and looks

– Clip (if applicable) – For easy attachment to pockets or notebooks

– Target Audience – Students, professionals, artists? Design elements can cater to specific

preferences

• Additional considerations

– Ink Cartridge Availability – Refillable pens need readily available refills

– Cost – Balancing functionality and aesthetics with a target price point

– Innovation (optional) – Unique features like stylus functionality, built-in laser pointer,  a special

eraser for the pen, a marker, build in paper, another tip size or a particularly smooth writing

experience

• To complete the requirement definitions in this example case – we need to quantify values and units

as applicable, and make informed choices as to the material/ color/ ink type etc.
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Use Case – Pen Requirements (3/3)

• Example for pen requirements

• Pen shall have overall dimensions of 15 +/- 0.1 cm in length

• Pen shall have a thickness of 0.55 +/-0.05cm.

• Pen shall have a ballpoint ink type.

• Pen shall have a black ink type.

• Pen shall have a tip size of 0.7 mm +/- 0.1 mm .

• Pen shall be able to refill the ink.

• Pen shall have a retractable mechanism.

• Pen shall have a durability of no less than five years, if used according to ISO PEN-1.

• Pen shall have a total mass of 1.5 g +/- 0.2 g .

• Pen shall be transparent with a green spiral around the pen (from tip to tip).

• Pen shall have a matte finish.

• Pen shall have a clip.

• Pen shall cost less than $2 each.
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CubeSat Laser Infrared CrosslinK (CLICK) Mission

Credit: NASA
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keep in mind that they drive the whole project

• Describe what needs to be done

• Drive schedule and cost

• Tell us what we need to test to ensure the product

performs as planned

→ Communication with stakeholders is key!
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Definitions: Stakeholders and Customers

Definitions from NPR 7123.1C NASA Systems Engineering Processes and Requirements

27

This webinar will 

consist of examples 

of NASA activities 

• Stakeholder: A group or individual who is affected by or has an interest 

or stake in a program or project. 

• Customer: The organization or individual that has requested a product 

and will receive the product to be delivered. The customer may be an 

end user of the product, the acquiring agent for the end user, or the 

requestor of the work products from a technical effort. Each product 

within the system hierarchy has a customer. 
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This webinar will 

consist of examples 

of NASA activities 
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While you verify that you meet requirements, also validate that 

the customer is happy!

 

29

This webinar will 

consist of examples 

of NASA activities 

• 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).

• 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.

Source: NASA Systems Engineering Handbook



National Aeronautics 

and Space Administration

National Aeronautics and Space Administration

For each requirement, plan how you want to verify it
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This webinar will 

consist of examples 

of NASA activities 

• Analysis: Use of mathematical model or analytical technique to verify a 

requirement

• Demonstration: Basic confirmation of performance capability, without detailed 

data gathering

• Inspection: Visual examination of end product, or records

• Test: Detailed data gathering to verify performance 

Ideally: Test as you fly, and fly as you test. (if you can afford it)
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For each requirement, plan how you want to verify it
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This webinar will 

consist of examples 

of NASA activities 

Source: NASA Systems Engineering Handbook
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Design your test plan to what you need

32

This webinar will 

consist of examples 

of NASA activities Thermal vacuum testing of the James Webb Space

Telescope at NASA Johnson Space Center
Source: NASA – D. Stover 
https://www.esa.int/ESA_Multimedia/Images/2017/11/Testing_Webb

Minimum environmental testing:
What your rocket needs,

 i.e. Rideshare Payload User’s Guide. 
Envelope of launchers: 

GSFC-STD-7000A 

(General Env. Verf. Standard GEVS)

Random vibration test of 4 x 1.5U CubeSats. 
Shown in Maverick Space 6U deployer on vibration table at Quanta 

Laboratories, Santa Clara, CA
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This webinar will 

consist of examples 

of NASA activities 
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Summary

• Requirements help to build good products.

• Mission design tools like the Science Traceability Matrix, Concept 

Maturity Level approach, and the SMAD mission design approach help 

develop high level requirements. 

• Systematic Requirements decomposition ensures that requirements 

are developed to the lowest useful level.

• There are several levels of requirement verification. Testing is the most 

comprehensive and involved one.
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• Session 2: Project Lifecycle Reviews,

Wednesday 27 November 2024, from 5:00pm to 6:30pm (CET)

• Session 3: Model Based Systems Engineering (MBSE), 

Wednesday 22 January 2025, from 5:00pm to 6:30pm (CET)

• Session 4: Design and Develop Science Missions 

Wednesday 28 February 2025, from 5:00pm to 6:30pm (CET)
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Upcoming Webinar: Project Lifecycle Reviews
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This webinar will dissect project lifecycle review 

elements and discuss their importance to project 

management. This overview includes: 

➢ What are the elements of project life cycle 

phases? 

➢ Which elements are required for each 

phase? 

➢ What are the key milestones for the 

various phases? 

➢ How is it determined to transition to the 

next phase? 

➢ How does systems engineering and 

project management play a role in the 

different phases?

Purpose:

To provide attendees with

information and 

knowledge of the project 

lifecycle reviews 

elements and how they 

relate to project 

management. 
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